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1. Introduction 
The aim of this report is to create a land management plan for Parc-Le-Breos in the Gower Peninsula, South Wales. Before a management plan can be created the biodiversity of the site must be assessed. This will be achieved by establishing a baseline of all species that the site contains. It is important to assess the biodiversity of a site before creating a management plan as biodiversity is declining rapidly across the UK. Without first considering what species are present would risk harming an already stressed environment (Hester, 2007).

2. Methodology 
To assess the biodiversity at Parc-Le-Breos the first year Environmental Conservation class at The University of Wales Trinity St David attempted to establish a baseline of all species present through dissecting owl pellets during lab sessions. 
An owl barn nest box was active at Parc-Le-Breos from 2008 and the contents were harvested in 2011, sealed, kept in an airtight bag and dissected in late 2019. During the dissection gloves were worn at all times with hands being washed at the end of every session due to the risk of contamination. 
As individual pellets could not be located, the students were advised to weigh out 5g samples into petri dishes. Using tweezers, the pellets were dissected by gently removing the small bones, exoskeletons and other items before analysis under a microscope. To correctly identify different species the skulls and jaw bones were required. The students were provided with identification sheets to correctly categorize the different species as suggested by Miller (1912). To standardise the data the findings were logged onto sheets provided. 

2.1 Owl Pellets
An owl pellet is the remnants of what an owl can’t digest, normally consisting of fur and bones. Owls swallow their food whole with the indigestible parts entering the gizzard before being regurgitated in pellet form around 6 hours after feeding.  Containing the remains of between 4 and 5 small mammals the contents of owl pellets can tell us large amounts of information about the biodiversity of an area (Lovari et al, 1976). 
With a comprehensive list of species and their quantities, different statistical calculations can then be carried out to measure biodiversity. A three-year sample is comprehensive enough to remove issues with annual variations in population as it removes anomalies associated with spikes and crashes. Field voles, for example, have been shown to have localised three - four-year cycles of population fluctuations (Myers et al, 1974). 
A barn owl’s range varies depending on the time of year. In winter, when food is scarce the range can reach 5 kilometres from a nest site. However, in summer the range will shrink to 2 kilometres with food being more abundant. Meaning the data can be extrapolated to a maximum distance of 5 kilometres, however the accuracy will diminish the further from the site the results are applied to (Barn Owl Trust, 2012).
 
2.2 Alternative Methods 
An alternative method would have been the use of mammal trappings. However, they are expensive and require time to not only set up but also check on a regular basis. If left in direct sunlight too long, the mammal caught in the trap can potentially die. Setting traps at dusk then returning to the site at dawn each day would have taken more time and money and as a result was discarded as a data collection method (Anderson D. et al, 1983). 

2.3 Limitations in the data 
The data limitation to note is, as the pellets weren’t dried out before being stored they have merged into a mass of pellet debris. This changes the accuracy of individual samples as they are no longer representative of the exact contents of what was consumed. As a result, pellet by pellet analysis will not be taken out in this report. However, an analysis of the overall average of each species present will be compared against that of the UK average as found in the ‘Barn Owl Conservation Handbook’.

2.4 Expectations 
The expected results for this experiment are to see the three most common mammals of a barn owls diet representing the majority of the specimens in the statistical tests. These are field voles, common shrews and wood mice which together make up 80% of a UK barn owls’ diet. It will also be interesting to see if when measured by weight the 3 species still represent the same value to barn owls (Barn Owl Trust, 2012). 














3. Results 
This section will cover the statistical analysis carried out to calculate biodiversity. The methods chosen here are looking at a percentage of total species eaten by number at Parc-Le-Breos when compared to the statistical UK average. 

The pie charts below show us Figures 1 & 2. Highlighting the difference in percentage of species eaten by number at Parc-Le-Breos vs the UK average. 
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Figure 1 
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Figures 3 & 4 note the difference when looking at species eaten by number and by weight. The UK average is shown by the series 1 line. 
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Figure 4

4. Discussion 
Firstly, it was noted during the dissection process that the students opted for 5g samples with more bones, altering the findings. On average a pellet will consist of 4 - 5 small mammals however, the samples dissected were much higher in identified specimens. As a third of the total amount of pellet debris was dissected and can be used as a representation of the whole. In total the students identified 1074 specimens in one third of the total. This figure multiplied by 3 = 3222 can then be used as an estimation of the whole. The students therefore averaged 8.73 species per sample which is much higher than the 4 – 5 average a barn owl consumes per night. With the barn owl nest box being harvested after 3 years and having an estimated 3222 specimens identified this equates to enough food for a single barn owl for 716 nights if a barn owl was eating 4 or 5 specimens a night on average (Barn Owl Trust, 2012). Even with seasonal variations in the number of prey consumed this is still some way off what would be expected from a healthy owl population. This suggests there are other nest sites frequented by the barn owl(s) of this nest. 
When looking at Figures 1 & 2 the difference between the percentage of species eaten at Parc-Le-Breos and the UK average shows us that the Parc is relatively normal in terms of species richness as all species represented in UK average are also represented at the site. The quantities of those species being consumed or local species abundance however, is slightly different. Species abundance is a relative representation of a species in an eco-system. Another thing to note is the difference between local species abundance and relative species abundance. Relative species abundance is important when analysing multiple sites however, with just one site to analyse this would not be relevant here (Volkov I. et al, 2003). 

4.1 Small Mammals
Field voles make up the majority of a barn owls’ diet with the UK average of 45% very comparable to 53.7% at Parc-Le-Breos of the total number of prey eaten. Equalling one third of a barn owls’ daily diet in winter, and small enough to carry back to feed young owlets, field voles are intrinsically linked to barn owl survival. 1 hectare of perfect rough grassland is capable of supporting up to 400 field voles at the peak of their breeding season (Barn Owl Trust). Known as the carrying capacity, this is linked to 3 – 4-year population fluctuations and dependent upon the resources available. These incidents are often localized and there is no way of analysing this at Parc-Le-Breos however, it is worth noting as a reason to strive for a high range of biodiversity on a site. This will ensure that if the population of one species’ crashes, there is a population of different species to ensure barn owl survival. 
Wood mice are an important food source for barn owls as they not only have stable year on year populations but also peak in autumn/ winter when food for owls is scarce. Wood mice have been shown to replace field voles in importance in certain areas and at certain times of the year (Barn Owl Trust, 2012). This highlights their importance to barn owls generally and within the site itself as they make up 10.15% of the findings. 
Pygmy shrews have the fourth highest number of species consumed at 9.59% yet a much lower representation when looking at total sum. Dropping to just 1.04% as they weigh much less and are smaller than all other species represented. Shown to be very similar to the national average when compared against the figures of 9% of a barn owls’ diet yet only 2% of total sum (Barn Owl Trust). This highlights how important it is to look at different metrics when analysing data for multiple perspectives to get a true representation of the results. 

4.2 Primary Species 
The three most important species to a barn owl are field voles, wood mice and common shrews making up to 80% of a barn owls’ diet. However, at Parc-Le-Breos these three species combined equate to only 69.46% of species consumed. This could mean one of two things. Either the populations of one or all of these species are slightly lower than the UK average or a population of something else is higher than the UK average. In this case the data suggests the latter to be true as bank voles equate to 12.94% of specimens identified which is almost exactly the 12.54% difference between the UK average and what was found. This suggests there is either a type of habitat nearby that suits bank voles or a misidentification by the students as field and bank voles can be very similar and quite difficult to distinguish between. 
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Figure 5

4.4 Home Range
Depending on the type of grassland, barn owls require between 14 – 47 hectares within 2 kilometres of a nest, or 8.5 – 13% represented as rough grassland. As seen above in figure 5 a barn owls home range can fluctuate between 2 kilometres in the summer when food is more abundant and 5 kilometres in winter when food is scarcer. The outer circle is a 5-kilometre radius from the barn. It is worth noting that a barn owl radius would almost never be perfectly circle in shape due to a myriad of different factors including busy roads, power lines, urban sprawl, to name but a few of the factors owls take into account in their incredibly detailed mental maps of their home range (Barn Owl Trust, 2012). The circle is used in this instance as it is important to appreciate just how vast a barn owls’ outer range to be. Additionally, the home range will shrink to the size of the inner green circle if breeding/ roosting (Barn Owl Trust, 2012). 

4.5 Recommendations 
As a recommendation for a future management plan it is important to consider what species is most important to barn owl conservation. Field voles, common shrews and wood mice make up 80% of a barn owls’ diet when looking at the UK average. The site has a larger than average population of bank voles with the four species combined totalling over 80% of species consumed. When measured by weight the importance of these species remains equally high unlike pygmy shrews whose value is reduced in importance. Of the 4 species whose importance is highlighted all have similar requirements for a healthy population. 
Strips or patches of rough grassland with a litter layer is imperative to the abundance of these species and should be a thick matted mix of native grass species and minimum of 7cm in length. The litter layer needs to be managed or it will eventually be overgrown by scrub, brush and trees. These patches or strips of grassland should be cut to a height of a minimum of 130mm every other year. If the option of cutting alternate strips is taken, in late July/ early August alternate strips are to be cut across a field to a height of 80mm. The next year the strip that wasn’t cut in the first year should be cut, so every strip gets cut once every 2 years. In addition, hedgerows and grass banks are also important to the populations of these species (Barn Owl Trust, 2012). 

5. Conclusion 
[bookmark: _GoBack]In conclusion, barn owl populations have been declining at a worrying rate within the UK. The primary reason for this is human impact with vehicle collisions, pesticides and entanglement with telephone wires all directly killing barn owls. The encroachment of farmland into wilderness has also been attributed to the decline in biodiversity as well as the industrialisation of farming. With intensive farming practices becoming much more common the populations of the small mammals that barn owls’ depend on have been shown to plummet. Studies such as this are therefore crucial to aid land management efforts by establishing a baseline of species biodiversity helping conservation efforts to become more effective. 
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