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1. Introduction		

The main aim of the assignment is to use two different model methods to design biological surveys. Furthermore, it will examine how important it is to establish baseline information when any conservation project begins. An online laboratory (Virtual Biology Lab, 2016) will be used to explore how accurate each model is, and to see if it can be used for real life environments. It will also look at the advantages and disadvantages of using virtual laboratories, as well as advantages and disadvantages of each method and the impact the methods have on the species they are being using with.

2. Methodology	

This assignment will be using a virtual laboratory to test each model which will be further explained below. These can then be used for land management purposes in real world conservation. 

For the purposes of this assignment, the fictional site, as seen below in figure (1), is called Waun Tylluan. It is a ten-acre site in South Wales, which was formerly used as farmland. This assignment is going to research methods on how to improve biodiversity. 













Figure (1) – Site Map
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2.1 Virtual Laboratory 
It can be said that there are both advantages and disadvantages to using virtual laboratories to examine model surveys. One advantage is that virtual laboratories are easily accessible, and available to a wider range of people (Budai & Kuczmann, 2018). Budai & Kuczmann also notes that the use of a virtual laboratory comes at a much lower cost. However, there are some disadvantages, Budai & Kuczmann expresses that, ‘…the lack of hands-on contact with devices and equipment…’ (Budai & Kuczmann, 2018), as well as not experiencing the real-life natural behaviour of the species. Virtual laboratories are unable to sex species, which is something a conservation manager would need to know. Another point to raise is how a simulated behaviour will not show how some animals will go to the traps for a free meal, and how some animals will avoid the traps altogether. All the above points could potentially lead to bias results. Furthermore, Budai & Kuczmann discuss how for the purpose of testing and exploring the methods for the models the virtual laboratory is a useful tool.  
2.2 Establishing Baseline Information
When starting a conservation project, the vital first step is to establish baseline information, as advised in a study by Mathews et al (2006), who expresses how important it is to establish baseline information when starting any conservation projects. This is the knowledge of all the flora and fauna that already exists in the area of the project. A baseline will give a site manager an idea of what species are in an area, which species are doing well, and not so well, in order for plans to be put into place to maintain or change this. This is evident by a quote from a study by Woodruff et al (2015) that states, ‘Knowledge of population demographics is important for species management but can be challenging in low-density, wide-ranging species.’ (Woodruff et al, 2015). 
2.3 Methods
· Mark Recapture
This method is used to establish a baseline by setting traps in an area, such as, in this case a field. Once the traps have captured the animals they are then counted, marked and released, and the traps are set again. Once the traps have closed for the second time, the animals contained within the traps are counted, and within this capture there should be animals present who are already marked from the first trapping. This information is then recorded in order to estimate the population using a mathematical equation called the Lincoln Petersen equation (L-P) (Krebs, 1999). In a study by Thompson et al (1998) it states that, ‘The mark-recapture method is a powerful method for estimating abundance as long as the underlying assumptions are met.’ (Thompson et al, 1998). One disadvantage to this method is the need to handle the animals in order to mark them which in turn could cause the animals stress (Cramer, 2017).


· Sampling with Removal
The way this method works in this experiment is where the tadpoles are caught using a net, and then counted and put into a holding pot. Once this is done the process is repeated again several times until sufficient data is recorded. In a study referring to a past experiment conducted requiring sampling with removal by Bower et al (2014), it stated that ‘Dip-net surveys and auditory surveys were quick and cheap by comparison and required moderate and little skill, respectively, but did not provide information that accurately reflected the abundance or occupancy estimated by mark–recapture…’ (Bower et al, 2014). This implies that the sampling with removal method is less labour intensive, faster, and less costly, but the results are not as reliable as what you would expect from the mark recapture method. In addition, taken from another study by Jung et al (2002), and in agreement with the study by Bower et al, it is identified that using mark recapture to estimate the population of tadpoles in a pond is the more reliable method to use out of the two methods used in this assignment. 
2.4 Experiment 1 – Field Voles (Microtus argetis)
On the fictional site of Waun Tylluan, there is a population of field voles. The virtual laboratory program will use a model method known as mark recapture to explore how effective the method is. Each field has a different size population where The Corral has a small population made up of twenty-five field voles, The Top Field has a medium population made up of fifty field voles, and The Haymeadow consists of one hundred field voles. The distribution of both The Top Field and The Haymeadow will have a random distribution, whilst The Corral will have a clumped distribution. This is due to The Corral field being used previously to pen-in cattle, which has led to bare ground and in turn the field voles are safer from predators to roam in groups. With the virtual laboratory it can explore how many traps are set and for how long these traps are set for.

A job for any site manager will also look at how to conserve the field voles from the resident barn owls (Tyto alba) as seen in figure (1). As stated by Science Focus (2020), ‘Hedges can also act as wildlife corridors between isolated patches of woodland and scrub.’ (Science Focus, 2020). This seems to imply that the planting and maintenance of hedge rows may be the best solution to conserving field voles. In the same study it notes ‘Hedges that are good for wildlife provide nesting sites, song posts, roosting sites, foraging habitat and corridors for movement. Some 600 plant, 1,500 insect, 65 bird and 20 mammal species have been recorded in hedgerows.’ (Science Focus, 2020). This suggests that hedge rows offer a safe habitat for many different species and in turn can help improve biodiversity in any given area.

As seen below in figure (2), it shows the placement of the traps used throughout most the experiments that were carried out across all three fields. The traps were placed to cover an equal catchment area of the field as seen in figures (2 & 3), and the trap times were set between two and ten hours. When the experiment was conducted on The Corral Field it was clear to see from the results being produced that four traps set over a two-hour period produced unreliable results, showing that the method during this particular experiment maybe unsuccessful. The traps were then increased to eight in number as shown in figure (3). This was changed to see if the mark recapture method would work with more traps. In a real-life situation, if there were more traps to set this would increase labour time to check all the traps and therefore it would also be more costly. Therefore, a further experiment was carried out on The Corral Field with the traps reduced back down to four and the trap time increased to ten hours. Although this method would be less labour intensive, it would mean that the field voles would be in the traps for a longer length of time which could affect the health of the field voles.











Figure (2) – 4 Traps 
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Figure (3) – 8 Traps
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2.5 Experiment 2 – Tadpoles (Rana temporaria)

This experiment will be comparing two different methods and how effective they are when used to establish the population size of tadpoles in three different size ponds. The first method used will be the method used for the field voles called mark and recapture. The second method of sampling with removal will then be explored. The three pond sizes will range from small, medium and large. In addition, net sizes of small, medium and large, and a population sizes of small and large will be used. 

This experiment will look at how to conserve and protect the tadpoles form the otters (Lutra lutra) that live in the nearby river running along the northern edge of the area. One way to protect the tadpoles from the otters is the use of nets and grills covering the pond which will prevent the otters from gaining access to the water (Evans, 2020). Once the tadpoles grow and transform into frogs it is important that there is appropriate cover to protect the frogs from prey. As suggested by PBS (2012), logs and rocks act as a good shelter for frogs to hide under and in.



3. Results and Discussion		

3.1 Field Voles – Mark Recapture Results

The Corral Field– Distribution – Clumped (Population – 25)  

Experiment 1 

		Number of Traps – 4		Trap Time – 2 Hours
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Experiment 2 

Number of Traps – 8		Trap Time – 2 Hours
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Experiment 3

		Number of Traps – 4		Trap Time – 10 Hours
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In Experiment 1, the results show that a fairly accurate estimated population size was achieved. With the first process showing an estimated population of 35, and the third having an estimate of 21, but an overall average of 29 was recorded after repeating the process for the third time. The process was repeated for a fourth time to see if the average number would be closer to the actual population size of 25. As the results show, zero marked voles were caught when the traps were re-set, this meant that a Lincoln Petersen estimate could not be given. These results show that Experiment 1, with a small population size, the animals being clumped and how the traps were set, can give negative results.

In relation to Experiment 2, the results indicated that increasing the number of traps produce very reliable results, but as previously suggested in this assignment, this could be more costly and labour intensive.  

In Experiment 3, the trap times were increased to ten hours, with the number traps being decreased to 4 which produced a number of reliable results. However, it could be stated that an increase in trap time could be too long and may affect the health of the field voles. The overall results from The Corral Field show that if the population of the animals in an area is small, then the number of traps would need to be higher in order to gain accurate results.
	
The Top Field – Distribution Random (Population – 100) 

		Number of Traps – 4 		Trap Time – 2 Hours

[image: Table

Description automatically generated]


The Haymeadow – Distribution Random (Population – 50) 

Number of Traps – 4		Trap Time – 2 Hours
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With both The Top Field and The Haymeadow, the process was repeated until the results became close to the actual population size. The results from both suggested that in order to gain accurate results from the mark recapture method, the animals need to be evenly distributed. It also indicated that the larger the population, the more times the process needed to be carried out. Furthermore, if the population size is large then the variation is bigger in the L-P Est column. For example, with The Top Field the smallest L-P Estimate is 63, and the largest is 129 giving a variation of 66, whereas with The Haymeadow the smallest is 33 and the largest is 70 giving a variation of 37. 

3.2 Tadpoles – Mark Recapture Results

		Pond – Large	Population – Large (250)		Net – Medium 
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Pond – Small		Population – Large (250)		Net – Medium 
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		Pond – Medium	Population – Large (250)		Net – Medium 
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		Pond – Small		Population – Large (250)		Net – Large 
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		Pond – Small		Population – Small (25)		Net – Large 
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		Pond – Large	Population – Large (250)		Net – Large 
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From the results above in relation to the experiments undertook in the three ponds, the mark recapture method was only accurate if the catchment area was small, and the net size was large. When the size of the pond was changed from small, and the net size was changed from large, then inaccurate results were recorded.

3.3 Tadpoles – Sampling with Removal Results

		Pond – Small		Population – Small (25)		Net – Small 
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		Pond – Small		Population – Large (250)		Net – Small 
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		Pond – Small		Population – Large (250)		Net – Large 
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		Pond – Medium	Population – Large (250)		Net – Large 
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		Pond – Large	Population – Large (250) 		Net – Large 
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When using the sampling with removal method within the three ponds, the results suggested, as shown above, that if the net size is not large, then the results achieved are inaccurate. This could suggest that is the animals are distributed over a wide area then this method is unreliable.

4. Conclusion		

In conclusion, with regards to the use of an online laboratory, it can be said that although some of the results may be bias as suggested in the methodology section of this assignment, the use of online laboratories for the purpose of testing each of the methods and their effectiveness out in the field, can serve its’ purpose. The results of the experiments conducted in this assignment suggests that the mark recapture method gains more reliable results than the sampling with removal method, despite the mark recapture method potentially being more costly and time consuming, as well as requiring a higher level of difficulty. 
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