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[bookmark: _Toc67344754]Introduction
Common frogs (Rana temporaria) and field voles (Microtus agrestis) are numerous throughout Britain and have a conservation status of least concern (Kuzmin et al., 2009; Kryštufek et al., 2016). However, they are important prey species for otters (Lutra lutra) (Weber, 1990) and barn owls (Tyto alba) (Hindmarch & Elliott, 2015) respectively, so it is important to consider conservation and population maintenance within habitats locally.
The aim of the study is to estimate the population of field voles and common frogs at Waun Tylluan, where barn owls and otters are present, in order to establish baseline data for ongoing habitat management at that site.
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[bookmark: _Toc67344756]Field voles
A mark-release-recapture (“MRR”) method was used to estimate the population of voles in each field. MRR relies on using a detectable mark such as banding, toe clips or fur-shaving and does not require each animal to be located and recorded (Sutherland, 2006).
If the relevant assumptions are met (or otherwise accounted for) and sufficient samples are taken, estimates of population can be calculated from a representative sample (Calver, et al., 2014). Unlike removal methods, there is no need to physically remove or kill the animals being studied, which is advantageous where removal may be harmful and the aim is to conserve the population.
The Lincoln-Petersen model uses two sample sessions and the following calculation:

Where N̂ is the estimated population size, n is the number of animals caught in the session and m is the number of caught animals that are marked.
When modelling the study, this method resulted in an accurate estimate where the capture probability (p) ≥ 0.4. However, because of the small sample number, precision was low. For example, in a modelled study where p = 0.5, the following data was collected:
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N̂ = 101 voles (95% confidence interval [75-127]). This gave an accurate estimate (in Top Field, N = 100) but with a wide confidence level.
To increase the precision, six samples were taken and a mean estimation calculated. Samples were taken on consecutive days in February, prior to the start of the breeding season (Borowski, 2003), for three reasons: to reduce major changes in the population through birth, to minimise heterogeneity due to age and home range differences (Borowski, 2003), and to provide an estimate of the breeding population.
The formula used is an adapted version of the Lincoln-Petersen model:

Where j is the current sample session.
For example, in sample j in a modelled study of Top Field, in which N = 100, 38 voles were caught, of which 27 were marked (m). The total number of voles marked in all previous samples was 76. 

A mean was then taken across all repeated samples.
Animals were marked on their first capture by shaving a patch of their fur. Individuals were not marked with distinctive marks and a full capture history was not collected; only “marked” or “newly captured”.
For each field, four traps were placed in a square grid 2x2 pattern and opened for four hours.
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[bookmark: _Toc67344757]Common frog
The removal method was used to estimate the population of tadpoles in each pond. While this method assumes all animals are removable from the study area, it might be difficult in practice to capture every individual, so linear regression is used to estimate at what point all individuals are removed.
This model is suitable for abundant populations in a closed habitat, such as amphibian larvae, which are present in large concentrations at specific sites at breeding times; adult frogs are more dispersed (Heyer, et al., 1994). 
This method was chosen over MRR because effectively marking tadpoles has found to be difficult without causing harm (Heyer, et al., 1994). Furthermore, the size and the closure of the habitat means it is practicable to count almost every individual. In larger populations or open habitats, it might be more appropriate to employ a method that uses a randomised sample.
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The mean estimated population for Top Field is 102 voles (95% confidence interval [98-105]).
The estimate differed from N (100) by 2%, and N was within the 95% confidence range. The samples individually were reasonably accurate and taking a number of samples increased confidence in the estimate.
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The mean estimated population for the Haymeadow is 49 voles (95% confidence interval [45-53]).
The estimate differed from N (50) by 2%, and N was within the 95% confidence range. The estimate was as accurate as for Top Field, but it was less precise. This is broadly to be expected with a smaller population.
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The estimated population for the Corral is 22 voles (95% confidence interval [21-27]). The lowest estimate is the total number of voles marked.
The estimate differed from N (25) by 13.6%, but N was within the 95% confidence range.
The population estimate in Corral was the least accurate and the least precise of the three fields. The margin of error was the largest of the three fields, both in real and relative terms. This is likely to be as a result of the smaller number of animals caught in each session and the population being clumped, which leads to large variations in the number of trapped animals per session, resulting in a less precise estimate.
[bookmark: _Toc67344760]Common frog
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The estimated population of tadpoles in the Top Field pond is 246 tadpoles, which underestimated N (250) by 1.6%.
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The estimated population of tadpoles in the Haymeadow pond is 97 tadpoles, which underestimated N (100) by 3%. The plotted data is very close to the trend line, demonstrating high precision. The proportion of animals caught per sample relative to the population may have ensured each data point was relatively precise.
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The estimated population of tadpoles in the Corral pond is 26 tadpoles, which overestimated N (25) by 4%.
As with the study of voles, the smallest population size gave the least accurate and least precise results.
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[bookmark: _Toc67344763]Statistical design
A large enough sample should be obtained so the results are statistically reliable. This includes the number and proportion of animals caught in each sample and also the number of samples. Otis et al. (1978) recommends at least 5 samples be taken. This study took 6 samples overall. It was considered that this struck a reasonable balance between the practical effort of laying and checking traps in an accessible field, and having sufficient samples.
Otis et al. (1978) suggests the average capture probability in a sample session (p) should be ≥ 0.4 for small populations. It was estimated that 4 traps open for 4 hours achieved p of c.0.4. Alternative ways to calculate the number of traps were considered. Otis et al. (1978) suggests four traps per home range, with 15m spacing or less. The home range for voles is 400m2 to 800m2 (Wanelik & Farine, 2019). 20 to 40 traps per acre would therefore be required.
[bookmark: _Toc67344764]Assumptions
The MRR method is based on the following assumptions (Sutherland, 2006; Lindberg, 2012):
1. the marked animals are representative of the population as a whole;
the population does not vary by birth, death or migration;
the animals (or marks) are correctly counted and noted; and
each animal has a constant and equal probability of being trapped.
These assumptions were addressed to ensure they were not violated.
[bookmark: _Toc67344765]Representative population
The model assumes all voles are homogenous and there are no differences that might cause a vole to be more catchable than any other. In reality, there are differences in size and home range between males and females (Borowski, 2003). Where a population is heterogenous, it is possible to account for this in statistical analysis by recording data about the relevant characteristic (e.g. sex) of each individual and stratifying the data during analysis.
[bookmark: _Toc67344766]Closed population
In the model, the population does not vary in size or composition over time. In real-life, where the population of voles would experience changes due to death, reproduction and migration, the effects of variation can be mitigated by conducting the study over a short period or when births/deaths are minimised, such as immediately prior to the breeding season (Lettink & Armstrong, 2003). In this study, sample sessions were conducted on consecutive days prior to the breeding season, to minimise population variation.
At Waun Tylluan, voles may migrate between fields, if their home range is at the edge of a field. If possible, sample sessions should be conducted in each field at the same time, to avoid double counting.
[bookmark: _Toc67344767]Loss of marks
The simulated model reliably marks the target and counts the marks. In the field, an effective and permanent method of marking must be chosen, such as fur shaving, to avoid the risk of marks being lost, obscured or misread.
[bookmark: _Toc67344768]Equal probability of recapture
If animals are more likely to be caught once they have been marked – for example, the bait makes them “trap-happy” – the population (absent a statistical correction) is likely to be underestimated. If, conversely, they become “trap-shy”, the population is likely to be overestimated (Sutherland, 2006). There is frequently a response to the traps, either negative or positive, from small mammals (Sutherland, 2006).
In a two-sample study, it is hard to detect change in capture probability. However, where multiple samples are taken, a test can be conducted on the sample data that will tell us whether a change in capture probabilities is significant. A test (Sutherland, 2006) was conducted to determine if trap experience significantly affected the population estimate. Firstly, the “trap experience” variable was set to “Neutral”.
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Secondly, the model was repeated except “trap experience” was set to “Positive”, to represent the animals becoming “trap-happy”.
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An upward trend is apparent in the number of animals caught. G = 21.13, which is almost twice the value of χ2 , so the change in probabilities is significant, as expected.
This change in probabilities significantly affects the estimate of population. The results in Table 4.2 provide a mean estimate of 84 voles (95% confidence interval [73-95]). This is an underestimation by 16% and the real population number (100) is not within 95% confidence intervals. This demonstrates bias in the estimation because the equal capture probability assumption has been violated.
To address this problem, another method of capture could be used or trap locations moved in subsequent sessions (Calver, et al., 2014). Alternatively, all animals could be made equally trap-happy by baiting all traps and leaving them open before the study (Sutherland, 2006). In any event, the assumption should be tested and if a violation was detected, computer models can perform statistical analysis that allows this assumption to be relaxed (Pollock et al., 1990).
[bookmark: _Toc67344769]Common frog
[bookmark: _Toc67344770]Statistical design
At least two samples must be taken in a removal study, and at least 3 to 5 are preferable (Heyer et al., 1994; Sutherland, 2006). In this study, 10 samples were taken for each of the three ponds.
Heyer et al., 1994 suggests a significant proportion of the population must be removed per capture and at least 75% of the population removed overall for a reliable estimate. In Top Field and Haymeadow, a large net was used to capture a significant proportion. In Corral, using a large net resulted in the number of samples being reduced, as almost all the population was captured well before 10 samples had been taken. Therefore a medium-sized net was used.
[bookmark: _Toc67344771]Assumptions
The removal method assumes that:
1. the population is closed;
1. all animals are able to be removed from the area of study;
1. the probability of capture is constant and independent (Heyer, et al., 1994).
Tadpoles typically metamorphose within a few weeks and are subject to predation (ARC Trust, 2021). In this study, removals were conducted over one day, so life cycle changes and variation through death were minimised. Each capture session noted the life cycle stage of the tadpoles, so future studies can make a like-for-like comparison.
Weather conditions were noted, as changes in habitat caused by rainfall or temperature may affect behaviour of tadpoles or the volume in the pond. Human behaviour may also vary how samples are taken: a researcher may become tired or netting techniques may vary between different people. This can be mitigated by training all researchers equivalently. A violation of this assumption can be detected if there is a non-linear trend when examining the regression line (Heyer, et al., 1994).
[bookmark: _Toc67344772]Shortfalls of method
There is sexual dimorphism in adult frogs, so capturing tadpoles rather than adults reduces heterogeneity in the population (Miaud et al., 1999). However, only a fraction of the tadpoles ultimately develops to adulthood, and if there are site environmental factors that affect development, an estimate of tadpoles will not predict precisely the future population of adult frogs (which are the otters’ prey target). It may demonstrate annual trends, however.
The disadvantages of removing and holding animals are that this may cause disruption to the population. Habitats may also be disturbed or damaged by the movement of nets, particularly if there is dense vegetation. However, there is likely to be less overall impact on the population in removing tadpoles than adult frogs (Heyer et al., 1994).

[bookmark: _Toc67344773]Conclusion
Estimates were calculated for the respective populations of voles and tadpoles with reasonably high confidence levels that will provide a good baseline for future studies. The models assumed closed populations and homogeneity with the populations, as well as trapping/netting methods that did not affect capture probability or harm the animals. In future studies, these should be tested for and if assumptions are violated, the methods should be changed or statistical models used to account for such violations.
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Table 2.1: Results of modelled MRR of voles in Top Field; Neutral trap experience.
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Sample #
Caught
Marked

53

48
25
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Caught
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Marked

0 25
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Figure 2.1: Arrangement of traps in Haymeadow.









Figure 2.1: Arrangement of traps in Haymeadow.
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Table 3.1: Results of MRR of voles in Top Field. Neutral trap experience.









Table 3.1: Results of MRR of voles in Top Field. Neutral trap experience.
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Sample #
Caught

Marked

Newly captured
Total marked
N

39
15
24
39
99.00

40
25
15
63
99.92

48
37
11
78
100.87

35
29

89
107.00

41
39

95
99.80









Sample # 1 2 3 4 5 6

Caught

39 39 40 48 35 41

Marked

0 15 25 37 29 39

Newly captured

39 24 15 11 6 2

Total marked

0 39 63 78 89 95

N̂

99.00 99.92 100.87 107.00 99.80
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Table 3.2: Results of MRR of voles in Haymeadow. Neutral trap experience.









Table 3.2: Results of MRR of voles in Haymeadow. Neutral trap experience.


image8.emf
Sample #
Caught

Marked

Newly captured
Total marked
N

17

17

15

11
17
56.6

3

24
14
10
28

4
26
22
4
38

5
17
15
2
42

47.3333333 44.7826087 47.375

22
19

44
50.75









Sample # 1 2 3 4 5 6

Caught

17 15 24 26 17 22

Marked

0 4 14 22 15 19

Newly captured

17 11 10 4 2 3

Total marked

0 17 28 38 42 44

N̂

56.6 47.3333333 44.7826087 47.375 50.75
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Table 3.3: Results of MRR of voles in the Corral. Neutral trap experience.









Table 3.3: Results of MRR of voles in the Corral. Neutral trap experience.
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Sample # 1 2 3 4 5 6
Caught 15 1 8 13 2 14
Marked 0 1 4 11 2 11
Newly captured 15 0 4 2 0 3
Total marked 0 15 15 19 21 21
N 15 27.8 22.3333333 21 26.5









Sample # 1 2 3 4 5 6

Caught

15 1 8 13 2 14

Marked

0 1 4 11 2 11

Newly captured

15 0 4 2 0 3

Total marked

0 15 15 19 21 21

N̂

15 27.8 22.3333333 21 26.5


image11.emf
Table 3.4: Results of removal of tadpoles in Top Field pond. Tadpoles caught with large (size 11) net.









Table 3.4: Results of removal of tadpoles in Top Field pond. Tadpoles caught with large (size 11) net.
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Sample # Caught Cumulative

total
1 48 48
2 46 94
3 33 127
4 22 149
5 25 174
6 17 191
7 15 206
8 17 223
9 4 227
10 3 230
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1 48 48

2 46 94

3 33 127

4 22 149
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7 15 206

8 17 223

9 4 227
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Figure 3.1: Plot of results from study of Top Field pond.









Figure 3.1: Plot of results from study of Top Field pond.
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Table 3.5: Results from removal of tadpoles in Haymeadow pond. Tadpoles caught with large (size 11
units) net.









Table 3.5: Results from removal of tadpoles in Haymeadow pond. Tadpoles caught with large (size 11 

units) net.
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total
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Sample # Caught Cumulative 

total

1 19 19

2 16 35

3 13 48

4 11 59

5 8 67

6 6 73

7 5 78

8 3 81

9 3 84

10 3 87
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Figure 3.2: Plot of results from study of Haymeadow pond.









Figure 3.2: Plot of results from study of Haymeadow pond.
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Table 3.6: Results from removal of tadpoles in Corral pond. Tadpoles caught with medium (size 8 units) net









Table 3.6: Results from removal of tadpoles in Corral pond. Tadpoles caught with medium (size 8 units) net
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Sample # Caught Cumulative

total

1 6 6

2 4 10
3 2 12
4 6 18
5 2 20
6 1 21
7 0 21
8 1 22
9 1 23
10 0 23









Sample # Caught Cumulative 

total

1 6 6

2 4 10

3 2 12

4 6 18

5 2 20

6 1 21

7 0 21

8 1 22

9 1 23

10 0 23
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Figure 3.3: Plot of results from study of the Corral pond.









Figure 3.3: Plot of results from study of the Corral pond.


image23.emf
Table 4.1: Results of modelled study of voles in Top Field. Neutral trap experience.









Table 4.1: Results of modelled study of voles in Top Field. Neutral trap experience.
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Sample #
Caught
Marked

39

39
15

40
25

48
37

35
29

41
39









Sample # 1 2 3 4 5 6

Caught

39 39 40 48 35 41

Marked

0 15 25 37 29 39
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G is calculated, using the formula 2 x C log(C/E), where:
C = the animals caught in the sample session
E = the expected number of animals caught (being the mean of animals caught across all

sample sessions) = 40
Therefore G = 1.64

The critical value of Xz for k — 1 degrees of freedom (where k = number of samples
taken [6] and P = 0.05) is 11.07. G is much less than 11.07 so the change in probabilities

is not significant.









G is calculated, using the formula 2 x C log

e

(C/E), where:

C

 = the animals caught in the sample session

E

 = the expected number of animals caught (being the mean of animals caught across all 

sample sessions) = 40

Therefore

 G

 = 1.64

The critical value of χ

2

 for k − 1 degrees of freedom (where k = number of samples 

taken [6] and P = 0.05) is 11.07. G is much less than 11.07 so the change in probabilities 

is not significant.


image26.emf
Table 4.2: Results of modelled study of voles in Top Field. Positive trap experience.









Table 4.2: Results of modelled study of voles in Top Field. Positive trap experience.
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Sample #
Caught
Marked

33

61
32

65
50

66
58

76
68

70
68









Sample # 1 2 3 4 5 6

Caught

33 61 65 66 76 70

Marked

0 32 50 58 68 68


