Critically discuss the biological and cognitive effects that may result from damage to the Left Hippocampus:

The brain consists of complex networks of regions linked through anatomical tracts (Rubinov & Sporns, 2010). Each of which play a unique role in forming our biological and cognitive functions. The hippocampus is a large section in the Medial Temporal lobe, and plays a significant role in memory, where damage can cause issues with long- term episodic memory (Bird & Burgess, 2008). This is supported by several empirical research addressed later in the essay. This essay explores the significant biological and cognitive effects damage to the hippocampus causes, as well as exploring the areas of the consolidation theory that addresses the biological basis of memory and where this stands in relation with the hippocampus. It will also address the Dual-process and Cognitive map theory, which explores the cognitive areas affected by this damage. By exploring both cognitive and biological perspectives, we attempt to understand the consequences of damage to the hippocampus.

The biological theory can be used to understand how our brain is structured which helps establish what areas of the brain are responsible for certain functions. According to the consolidation theory, the left hippocampus plays a significant role in the process of memory, it is believed that the hippocampus has an influence on the storage and retrieval of memory from short term to long term (LTM), where LTM are sent to other responsible areas of the cortex (Moscovitch et al., 2006). Thus, this suggests that any damage to the hippocampus could lead to a disruption in this consolidation process. This is further supported by the case study of patient H.M who underwent removal of both his hippocampi to stop epileptic seizures which resulted in H.M struggling to form new LTM so developing Anterograde amnesia however, performing well on short term memory (STM) tasks (Pinel, 2014). Therefore, this supports the belief the hippocampus has an involvement with the consolidation of memory as following HM’s hippocampi removal the process of transferring STM to LTM was disrupted which, therefore, can explain why he could no longer form new LTM. However, despite these findings, the support came from a case study on a brain damaged patient thus, this can come with its limitations as it does not consider other factors such as the individuals environmental experiences that could have influenced the findings. However, there is further support from Penfield and Milner (1958) who argue damage to the hippocampus leads to problems with the formation of new memories but those in the past remain. Which explains why H.M memory before the incident remained. However, after the surgery he could not form new memories. Thus, this provides further support for the consolidation theory and the involvement the hippocampus has in strengthening memory enough to transfer into their designated regions, as the absence of the hippocampus creates difficulty in forming new long-term memories.

However, there is evidence that the hippocampus is only responsible for the consolidation of specific LTM. For example, Wincour et al. (2010) suggested that the hippocampus is involved in the retrieval and retention of declarative memory therefore, your conscious memory such as episodic and semantic.  There is further support that the consolidation of declarative memory such as episodic and semantic occurs in the hippocampus (Squire et al., 2015). Therefore, this suggest that the hippocampus is only responsibly for strengthening then transferring conscious memory from STM to LTM. However, despite these findings putting great support that damage to the hippocampus can cause both semantic and episodic memory deficits, there are many studies that only show significant deficits from hippocampi damage on episodic memory. For example, a case study of a young boy V.J who had developmental amnesia which then after conducting Magnetic resonance imaging (MRI), damage to the hippocampus was present, when asked to do recall tasks he scored normal in 74% of semantic tasks however he showed severe deficits on 82% episodic memory recall tasks (Bindschaedler et al., 2011). Therefore, these findings suggest that despite damage to the hippocampus may not lead to a perfect semantic recall there is significantly more damage to episodic memory rather than semantic. Which could imply that the consolidation of semantic memory may be processed in a different region of the cortex, rather than solely the hippocampus. 

Furthermore, it was found in patients with bilateral damage to the hippocampus suffered more episodic amnesia compared to semantic (Spiers et al., 2001). Thus, this supports the belief that episodic memory is more effected than sematic from hippocampi damage. Which can imply that there are other regions of the brain that are responsible solely for the consolidation of semantic memory rather than just the hippocampus which the consolidation theory does not consider. Additionally, there is further support from Yonelinas et al. (2019) who argues that even in the alternative theory to the consolidation theory, such as the contextual binding account, episodic memory largely relies on the Hippocampus. Thus, any damage to the hippocampus which is the area highlighted on the essay can cause major issues with memory as without the hippocampus it suggests episodic memory would not be strengthened enough to move to LTM. Furthermore, these findings suggest that the hippocampi's function is mainly on the consolidation of episodic memory rather than semantic. However, research suggest that despite all these possible concerns of what damage to the hippocampus can cause this may not be Permanent. For example, according to Zhang et al. (2016) it was found rats that have damage to the hippocampus, overtime they can recover from that damage. Therefore, this suggest that despite damage to the hippocampus having negative effects on memory due to not being able to consolidate information, overtime it has the potential to recover. However, these findings do come from animal studies on rats so this may not be the best representation of human behaviour. Thus, this evidence should be taken lightly and possible as a foundation for further research. 

Furthermore, despite the consolidation theory explaining how the hippocampus is responsible for strengthening memory to then be transferred to their designated brain regions. The Multiple trace theory argues the hippocampus is not temporarily responsible for episodic and semantic memory, but these declarative memories will always rely on the hippocampus however, semantic memory can recover from a damaged hippocampus (Nadel et al., 2000). Thus, this supports the consolidation theory that the hippocampus has an important role in the creation of LTM memory. However, the multiple trace theory puts a lot more emphasis on its importance as it argues the hippocampus has more than a temporary function for memory. It also goes on to further supports the idea that the hippocampus has a less important function for semantic memory. Supporting Bindschaedler et al. (2011) findings that sematic memory is less effected from hippocampal damage. 

Furthermore, the involvement of the hippocampus in the consolidation of memory is further strengthened with the idea of reconsolidation. This is the belief that memory is constantly being consolidated whether that be from new experiences or reminders of the original consolidated memory (McKenzie & Eichenbaum, 2011). Thus, this puts greater emphasis on the role of the hippocampus in memory as findings continuously support the idea that memory is consolidated in the hippocampus. Thus, if memory is constantly being reconsolidated then damage to the hippocampus would result in further impairments to memory, as even long-term memory would no longer be able to be re strengthened even after consolidation has occurred. 

The cognitive theory discusses many cognitive issues that can arise due to damage to the left hippocampus which is highlighted in the essay image. Bird (2017) argues the Dual-Process theory explains how the Medial Temporal Lobe divides labour between their different structures for example, the Hippocampus is responsible for processing contextual information and binding items, whereas other structures have their own crucial roles. Furthermore, the dual process of memory model argues that memory is divided between recollection and familiarity (Light et al., 2012). Which there has been immense support that suggests damage to the hippocampus can cause issues with recollection and familiarity thus, supporting the dual process module. For example, Dede et al. (2013) found that five patients with hippocampi damage had severe impairments with their memory including both areas of the dual process model. This suggests that damage to the hippocampus can cause serious cognitive deficits in memory, which continues to support the dual process theory damage to the hippocampus causes inabilities to recall and recognise memory which are the two main divisions of memory that this theory acknowledges. Furthermore, Krebs et al. (1989) found birds who need to remember storage sites for food have a larger hippocampus than those who don't. Thus, providing further support of the importance the hippocampus has on recalling and recognition in memory as this region is being used much more in species who need to use the recognition aspects of memory more. However, this evidence comes from animal studies from which cannot be generalised to the human populations as there are a lot more complex cognitive functions that we may experience. for example, (Premack, 2007) argues there are more dissimilarities than similarities in cognitive functions between animals and humans. 

[bookmark: _Int_wuDqE6sR]The cognitive map theory is an alternative cognitive theory that discusses the function of the hippocampus on memory, which argues that the hippocampus creates spatial and semantic maps (O'Keefe & Nadel, 1979). Therefore, this suggest that not only is the hippocampus responsible for declarative memory but also spatial memory, suggesting that any damage to the hippocampus could possibly lead to deficits in spatial memory. This is further supported by recent studies such as: Epstein et al. (2017) who argues the cognitive maps are represented in the hippocampus where special cells are located and the hippocampus aids planning during navigation. Thus, this further emphasises the importance of the hippocampus in remembering the environment and how to navigate it. As it implies that any damage to the hippocampus could lead to issues with spatial navigation. Furthermore, its believed that the hippocampus is responsible for retaining, encoding and retrieving spatial memories (Moscovitch et al., 2005). Which provides further supporting evidence that the hippocampus plays a role in representing spatial memory. There is evidence from studies that lesion in the hippocampus resulted in issues with all parts of spatial memory including object-location memory (Kessels et al., 2001). This supports the theory that the hippocampus has cells which are responsible for creating a map of the world around them including where objects are located.   

However, despite there being support for damage to the hippocampus this is largely reliant on bilateral damage rather than focusing on the effects each hippocampus has. However, each hemisphere of the brain has its own functions, but functions rely on the corporation of both (Heilman et al., 1986). The image provided for this essay has highlighted the left hippocampus. There have been studies conducted on rats where the CA3 area in the left hippocampus was disrupted which caused deficit in spatial long-term memory, however, when replicated on the right hippocampus these findings where not mirrored (Shipton et al., 2014). Therefore, this suggests each hippocampus is unilateral and holds its own primary functions. Furthermore, this suggest that during the consolidation of memory the left hippocampus may be more responsible for spatial long-term memory. However, there is contradicting findings by Stepankova et al. (2004) who found less deficits in spatial memory with those who have damage to the left hippocampus compared to the right. Therefore, this suggest that spatial memory may not only be lateralised to the left hippocampus like previously suggested but also shared in the right hippocampus. Despite there being mixed evidence on the lateralisation of spatial memory there is evidence that dismisses this argument, arguing that another region: the Right Parahippocampal Cortex is also responsible for spatial memory without the involvement of the hippocampus (Bohbot et al., 2015). Therefore, this suggests that despite there being a debate on what each hippocampi's functions are, there is also a debate that other regions not just the hippocampus is responsible for memory. Thus, this raises questions as to whether the hippocampus shares functions with other brain regions which could suggest damage to the hippocampus on its own may not cause all the impairments in memory and its actually because of other lesions in the brain. Thus, a more holistic viewpoint may be more beneficial. 

Furthermore, it has been found in neuroimaging that patients with damage to the left hippocampus have reduced autobiographical memory networks compared to those with no damage (Addis et al., 2007). Therefore, this provides further support for the biological theory; the consolidation theory that the left hippocampus is responsible for enhancing and processing autobiographical memory such as episodic and semantic memory. As, patients with lesions in that region of the brain have had deficits in their declarative memory. Additionally, there is further support by Alessio et al. (2006) who found that due to the hippocampus being damaged by epilepsy this leads to memory loss, and it was found there was greater memory deficiency in those with left hippocampal atrophy than right. Thus, this supports the belief that the hippocampus is associated with the consolidation of memory as damage to it leads to deficiencies in memory. Furthermore, the image provided for this essay highlights not only the damage to the hippocampus but specifically the left hippocampus and this finding implies that the left hippocampus plays a major role in the cognitive processes; memory damage to the hippocampus results in many difficulties in that cognitive process.

Overall, the hippocampus is crucial in memory formation and spatial navigation so damage to the hippocampus leads to deficits in these biological and cognitive processes. The consolidation theory has given an insight into the biological involvement the hippocampus has in memory. The dual-process theory and cognitive map theory has shed light on the hippocampi's cognitive function during spatial navigation and memory recognition. These have been supported by empirical evidence, which emphasises the importance of the hippocampus in memory formation and recall. This has been largely supported through studying brain damaged patients and animals which despite its benefits can also have its limitations. As, it assumes that solely the lesion that's damaged causes deficits in cognitive and biological processes without considering other influences such as other brain regions and possible environmental influences. Furthermore, animal studies may not provide the best representation for humans complex cognitive and biological processes. Furthermore, despite there being supporting evidence on the effects damage to the hippocampus has on memory, there is a need for more literature around the different influences it has on the consolidation of different LTM such as episodic and semantic. This is to ensures we can better understand the effects damage to the hippocampus has on our memory. There is also mixed evidence of what type of memory is lateralised to which hemisphere, suggesting that there needs to be more research into this as it would help explain what damage to certain sides of the hippocampus can cause and what treatments are needed. However, despite there being mixed evidence revolving around the different hemispheres, many findings still support that the left hippocampus pays a significant role in memory not just the right. However, due to evidence suggesting many other areas of the cortex have significant influences, there is a need to take a more holistic viewpoint and look at the brain in a more interconnected way, where regions work together for cognitive and biological processes rather than the hippocampus being solely responsible to certain cognitive or biological processes. As despite it having a huge influence over memory there are many other regions that play a significant role thus, there is a need to understand the brain as a whole.
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