[bookmark: _GoBack]Discuss the role of the endogenous pacemakers and exogenous zeitgebers in the control of one or more biological rhythm. (8+16)
A rhythm is a pattern that repeats itself regularly. A circadian rhythm in particular is a rhythm that occurs usually once within a 24 hour period. One example of this is the sleep/wake cycle. Circadian rhythms are believed to be set and controlled by biological mechanisms in the body, this is known as an endogenous pacemaker, otherwise known as the internal body clock. This can be concluded from animal studies conducted in a lab, with constant conditions – squirrels for example, still prepare for hibernation in the winter. Therefore suggesting that the circadian rhythm is innate.
The most important endogenous pacemaker the Suprachiasmatic nucleus which is located in the hypothalamus, which receives information from the eye via the optic nerve. The light, then effects the SCN and it sends a signal to the pineal gland in order to secrete the hormone melatonin which induces a person’s sleep. 
This is supported by research such as isolation studies such as the case study of Michel Siffre who spent 6 months underground in a cave away from any external cues e.g. light. It was found that despite the lack of light, his circadian rhythm was maintained – firstly it was excessive however settled to a steady pattern of 25-30 hours. Therefore supporting the idea of there being an endogenous pacemaker, and that it plays an important role in the control of circadian rhythms. 
There have been a number of other studies that suggest similar results. One study in support of the role endogenous pacemaker’s play in the control of circadian rhythms was by Morgan. He believed that if it was true that the suprachiasmatic nucleus was the internal clock then by transplanting it into another – then the cycle would also transfer. This is exactly what happened, as he bred mutant hamsters that had a 20 hour sleep wake cycle. He transplanted their SCN’s into those with a normal 24 hour cycle and found that they picked up the mutant cycle. Similarly, Silver had previously found that by removing the SCN completely the cycle disappears and once it is re-grown the cycles start to reappear. This is strong objective evidence to suggest that the SCN exists, and is important in controlling circadian rhythms. 
However, these studies carry flaws. Firstly in the study of Siffre was a case study, meaning the results found cannot confidently be generalised, and therefore is not very representative of how circadian rhythms are controlled by all people. We can similarly criticise studies conducted on animals firstly because it is unethical, as it leaves a lot of animals in distress so much so that they often don’t live after the procedure. Secondly because animals are very different to humans physiologically and therefore it can be difficult to extrapolate the findings morgan and silver have and apply them to humans. However, as a considerable amount of studies seem to have pointed to similar findings we can be confident that the studies are reliable. Another factor we must take into consideration with the study of Siffre is the location – as many do not volunteer to go and live in caves for long periods of time we can assume that the results cannot be generalised to other locations, and the coldness of the cave could have actually had an effect on the bodies reaction to time and sleep. 
Nevertheless these studies do confidently give evidence of there being an internal body clock. However, in most of the studies conducted in this area have shown that the endogenous pacemaker alone is not perfect, suggesting that we perhaps require external cues in order to fine tune these rhythms and keep them in line with the external world. These external cues are known as exogenous zeitgeber’s. 
The most important, or most researched Zeitgeber is light. This is because it is assumed to affect and maintain the SCN. Which can be explained through the course of the sleep/wake cycle. E.g. As light reduces, the SCN begins to synthesize melatonin, and keeps producing it until it reaches its limit, which is when we enter the deep sleep stage. This is when we have used it up and light increases again the melatonin begins to reduce and the individual starts to wake. 
This role of the exogenous zeitgeber can be supported by Miles who studied a blind man from birth. This man was unable to see light, and had a solid 24.9 hour circadian rhythm. Therefore suggesting that light is a major feature of the control of circadian rhythms as he was unable to coordinate with the external world and in this case, reduce a 25 hour rhythm to the standard 24 hours. The case of Michel Siffre can also be used in support of the role of the exogenous zeitgeber’s this is because, without the influence of external cues, Siffre’s cycle increased to around a 25-30 hour day. If zeitgebers had no effect then his rhythm would have stayed the same. However, it has later been discovered that Siffre had access to artificial light which Campbell and murphy had found to be able to effect circadian rhythms. Therefore reducing the internal validity of the study. 
Nevertheless, these studies all suggest that there must be an interaction between endogenous pacemakers and exogenous zeitgeber’s in order to fully control circadian rhythms. This is because although evidence suggests that our endogenous pacemaker is able to control sleep with the absence of light, the light is a necessity in order to fine tune the rhythm and correct it each day. 
However, we can criticise the proposed role of the endogenous pacemaker in this case, because it seems to place far too much emphasis on the nature side of the nature nurture debate, when really it is an interaction of the two that is needed, and because of this factor, then it can perhaps also be said to be reductionist. We can also criticise the role of the endogenous pacemaker for being deterministic, as it suggests that if we have an internal body clock that controls the rhythm then we have no free will in which we could change it. Also, through looking at evidence, it is obvious that exogenous zeitgebers, in particularly light, influences the sleep wake cycle and therefore come to the conclusion that the role of the endogenous pacemaker is unrealistic and exaggerated in the control of circadian rhythms. 

