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SUMMARY

After a comprehensive analysis o f the diet, the Eurasian badger {Meles meles) in the 

Republic o f  Ireland was found to display the foraging behaviour o f a generalist forager. 

This description was considered to be appropriate because there was a high frequency o f 

occurrence and pre-ingest bulk o f seasonal insect larvae in the diet; tipulid larvae 

dominated the diet in spring and noctuid larvae dominated in the autumn and winter. 

During the summer months, badgers consumed significantly more Anura and Aculeata 

species relative to other times o f the year. Carabid adults and larvae and Lumbricidae 

occurred frequently in the diet throughout the year, but both appeared in relatively low 

bulk. Badgers opportunistically consumed Mammalia, Aves, Gastropoda, berries and 

cereals throughout the year. The most consistent food category consumed was plant 

litter, which had both high frequency o f  occurrence and a high pre-ingested bulk relative 

to other food items at all times o f the year.

As the dietary study presented in the thesis was based on stomach contents, it was 

considered important to know whether there were any differences between stomach 

contents and rectal faecal samples. After analysis, it was found that while the overall 

picture o f  the diet was somewhat similar, there were quantitative differences in the 

estimation o f  some important food categories. Compared to stomach contents, the 

contributions o f plant litter, Lumbricidae and carabid adults were significantly 

overestimated by faecal analysis, while those from noctuid and carabid larvae were 

significantly underestimated. A further distinction was that an analysis o f stomach 

contents clearly showed seasonality in the consumption o f Lumbricidae, carabid adults, 

tipulid and noctuid larvae, which was not as evident in the rectal faecal samples. As 

faeces are frequently used in studies o f diet, a comparison was made between the two



most commonly used methodologies in the literature: visual estimation o f pre-ingested 

bulk and the application o f conversion factors to each o f  the food categories to calculate 

a fresh weight biomass. It was concluded that while there were faults in both methods, 

visual estimations provided a more accurate account o f the diet than the use of 

conversion factors. It is suggested that conversion factors should only be used where 

they are calculated exactly in respect o f specific prey item and predator.

Feeding was conducted on captive badgers to assess passage time o f food items through 

the gastrointestinal tract. A striking feature o f the results was that Lumbricidae, red flour 

beetles {Tribolium castaneum) and plant litter had relatively longer retention times in the 

colon compared with other ingested items. Indigestible fragments such as earthworm 

chaetae and beetle chitin could be overestimated due to being released slowing through 

the digestive tract than their softer counterparts. It was hypothesised that badgers may 

have rapid passage time o f soft body prey and have purposefully consumed plant litter in 

conjunction with other food items in order to slow down passage time, thereby resulting 

in potentially higher assimilation efficiencies o f the other food items. Another 

observation from the feeding was that captive badgers’ foraging behaviour seemed to be 

affected by weather conditions, which lead to consideration o f the influence o f weather 

on foraging behaviour in the wild. The relationship between food intake and body 

condition was also considered. The study found a weak relationship between food items 

consumed and weather conditions. Interestingly, badgers with low body condition 

consumed significantly more tipulid larv'ae then badgers with high body condition. In 

contrast, badgers with high body condition consumed more noctuid larvae. This 

discrepancy could be related to the reproductive state and seasonal availability o f  the 

larvae.
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Chapter 1. General Introduction

1.1 LITERATURE REVIEW

A review of literature pertaining to badger diet was conducted in order to establish a 

firm understanding o f the diet. This introductory chapter summaries the findings o f prior 

literature reviews and conducts an examination of subsequent work which has not been 

reviewed to date.

1.1.1 Previous Literature Reviews 

Roper (1994)

A detailed literature review on the diet of badgers was conducted by Roper (1994), who 

reviewed eleven studies (Andersen, 1954; Stocker and Liips, 1984; Ibanez and Ibanez, 

1980; Kruuk and Parish. 1981; Mouches, 1981; Harris, 1982; Henry, 1983; Ciampalini 

and Lovari, 1985; Pigozzi, 1991; Skinner and Skinner 1988; Shepherdson et al. 1990), 

covering a large part of the badger’s European range. The review found that badgers 

consumed a wide variety of food types. Across the eleven studies, Roper (1994) 

summarised the food items consumed into eight categories (earthworms, insects, 

amphibians, mammals/birds, fruits, cereals, other plants and scavenged material) and 

found that no study revealed consumption o f fewer than three major food types. This 

finding was particularly significant considering the food consumed is from a very wide 

varierty of sources.

To investigate if the diet o f a population of badgers in an area was dominated by a single 

food type, Roper (1994) explored the literature further and concluded that, based on the 

results reported, there was seasonal variation in the food items consumed. Seasonal
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variation occurred with changes in estimated percentage by volume of animal material 

(especially earthworms) and changes in estimated percentage by volume of vegetable 

material (especially fruits and cereals). Roper (1994) proposed that this variation in diet 

was due to changes in food availability during the year. Badgers tended to be more 

reliant on a diet composed mainly o f animal material in winter and spring, whereas fruits 

and cereals were eaten more often in summer and autumn (Andersen, 1954; Kruuk and 

Parish, 1981; Mouches, 1981; Harris, 1982; Stocker and Liips, 1984; Skinner and 

Skinner, 1988; Shepherdson et al., 1990).

In an exploration of whether one or more of the food categories were disproportionately 

important in any of the eleven studies, Roper (1994) found that in two studies (Kruuk 

and Parish, 1981; Skinner and Skinner, 1988) a single food type dominated the diet. 

Kruuk and Parish (1981) found that earthworms dominated the diet, while Skinner and 

Skinner (1988) found that was cereals were the dominant food type. However, in both of 

these studies the dominant food item made up less than 60% of the diet. In a further 

three studies, the diet consisted mainly o f two foods, earthworms and amphibians, 

(Henry, 1983) or insects and fruits (Ciampalini and Lovari, 1985; Pigozzi 1991). In these 

studies, the two food items, when combined, constituted more than 80% of total intake. 

In contrast to these studies, Roper (1994) found that in each of the remaining six studies, 

in particular those by Andersen (1954) and Stocker and Lups (1984) “the relative 

volumes of several different food types formed a more or less continuous spectrum of 

values with no particular food or foods being of outstanding importance”. In the 

literature reviewed there was little to support the idea that a single type of food 

dominated the diet, instead at times the diet can be dominated by a combination of two 

or more foods. Roper (1994) suggested that badgers are opportunistic food generalists as 

previously described by Neal (1948) Andersen (1954) and Skoog (1970).
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Roper and Mickevicus (1995)

Roper and Mickevicus (1995) undertook a review of 69 studies on the diet o f badgers in 

the former Soviet Union from 58 Russian-language papers. This work, due to language 

and availability constraints, had been largely overlooked. Roper and Mickevicus (1995) 

noted that there were factors limiting the reliability of some of the research; several 

papers did not disclose their data sources, methods or sample size and many did not 

attempt to estimate relative volume o f food items, while few provided quantitative 

details o f plant foods consumed. However, Roper and Mickevicus (1995) found the 

overall consistency o f findings between the papers reviewed makes the review worth 

further exploration.

Roper and Mickevicus (1995) concluded from the analysis of these papers that the 

badger diet in the former Soviet Union is dominated by animal material, especially 

insects and small mammals. This would appear to be largely in agreement with findings 

from Europe (see Roper, 1994). Badgers from the former Soviet Union appear to differ 

from European badgers with regard to their consumption of earthworms. Out of 69 

papers reviewed only 22 mentioned earthworms, which would seem to be contrary to 

findings in north-west Europe, where earthworms have been reported as an important 

food item in the diet (Goszcznski et al., 2000). The review acknowledged several 

limiting factors with regard to the methods used by the researchers, which may have 

mitigated the strength of this finding. However Roper and Mickevicus (1995) concluded 

that based on studies that ought to have found earthworms but did not (several studies 

used correct methodologies and should have found earthworms if present; of 17 studies 

that included stomach contents, where earthworms should have been easily detected, 

only 8 reported them), that the limiting factors could not be a complete explanation of
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this finding. The review suggests that differences in habitat, and hence earthworm 

availability, may at least partially account for the difference.

Roper and Mickevicus (1995) found that despite the apparent disregard for plant litter in 

many o f  the studies, the overall findings were consistent with the European literature. 

Fruits were eaten, often in large quantities, when in season. Consumption o f cereals was, 

however, more inconsistent. This is in contrast to parts o f Europe, where they form a 

substantial part o f the diet (e.g. Skinner and Skinner, 1988; Sheperdson et al., 1990).

Based on the seasonal variation o f food intake and extreme “local dietary anomalies”, 

which follow from differing available food sources, Roper and Mickevicius (1995) 

concluded that the Soviet Union studies supported the traditional view o f badgers as 

“opportunistic, generalist foragers whose diet is determined primarily by local 

conditions o f food availability” .

1.1.2 Review of Subsequent Literature (Post -  1994)

In the years since the Roper (1994) and Roper and Mickevicus (1995) review papers, 

there has not been another review published on the diet o f badgers. For this reason a 

wide range o f papers published since 1994 were examined in detail and reviewed (Plate 

1.1). These papers represent a broad range o f  publications from across Europe and one 

from Japan.
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Study No Authors Location
1 Balestrieri et al, 2004 NW Italy
2 Boesi & Biancardi, 2002 North Italy
3 Del Bove & Isotti, 2001 Central Italy
4 Fedriani et al., 1998 SW Spain
5 Fisher et at., 2005 Swiss Jura Mountain
6 Goszcznski et al., 2000 Eastern Poland
7 Kaneko el al., 2006 Japan (not represented on map)
8 Lanski, 2004 Hungary
9 Madsen et al., 2002 Denmark
10 Marassi & Biancardi, 2002 Italian Prealps
11 M axim eta l, 1995 SW Spain
12 Melis et al, 2002 Central Italy
13 Palphramand et al, 2007 NE England
14 Revilla & Palomares, 2002 SW Spain
15 Roper & Liips, 1995 Central Switzerland
16 Rosalino et al, 2005 SW Portugal
17 Virgos et al, 2004 Central Spain

Plate 1.1 Distribution map showing locations o f  studies reviewed

Following a literature search for papers published on the diet o f badgers since 1994, 17 

papers were reviewed spanning a period from 1995 to 2007. The majority o f  these 

studies provide quantitative data on the frequency o f occurrence and percentage by 

volume o f different foods consumed. The study conducted by Kaneko et al. (2006) in 

Japan looked solely at the frequency o f occurrence o f food items, which can lead to 

misinterpretation o f the diet as this measure does not take into account the relative bulk



o f different foods. Frequency o f occurrence tends to overestimate the importance o f 

small items that are frequently consumed and underestimate large items that are eaten 

less often (Reynolds and Aebischer, 1991).

Two papers present data derived solely from stomach contents, while the remainder are 

based on analysis o f  faeces (Table 1.1) with reported sample sizes ranging from 62 to 

1258. Across the 17 papers reviewed, 26 studies on the diet o f badgers were conducted; 

in some cases (4, 5, 6, 16 and 17) separate samples were taken from different habitat 

types and were analysed separately within one body o f work (Table 1.1). For the 

purposes o f analysis, these will be treated as separate studies.

1.1.3 Analysis of Literature

All relevant comparable data from the studies w'as extracted for analysis and the results 

are presented in Table 1.1. The data were then broken down further and presented as 

frequency o f occurrence and percentage by volume (Table 1.2).

There were limitations in the data compilation from the studies. First, the taxonomic 

groupings were not consistent across all papers. In particular, the treatment o f vegetal 

matter was inconsistent. To overcome this limitation, the taxonomical groupings as used 

by Roper and M ickevicius (1995) were applied. However, in some cases the food items 

could not be re-categorised (for example, some authors reported a miscellaneous 

category) and in these cases the volumes presented in these categories do total 100%. In 

B oesi & Biancardi 2002 it was not possible to reconcile the figures reported for volumes, 

which gave a total greater than 100% total. Second, seasonality was addressed 

differently in several papers. In some cases there were no summary data presented for 

the entire year, whilst in others there was no seasonal break down. Third, in many cases,
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the definitions o f seasons themselves were inconsistent across the studies. This often led 

to situations where it was not possible to extract exact figures for an item, which was 

reported to have occurred in the diet. In such cases, the figures were represented in 

tables as a “+” and the study in question was omitted from weighted average 

calculations, thus reducing their reliability.

On occasions where a paper under review separated the results into more than one 

habitat, each o f these sets of results were treated as a separate study for the purposes of 

analysing the combined data set. This is owing to the fact that the habitats varied enough 

to warrant separate examination. Also it would not have been possible in all cases to 

combine the data to represent the findings of a single paper.
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Table 1.1 Sum m ary inform ation taken from studies reviewed. +; season was m entioned but sam ple size not given, season w as not m entioned

Study Author Location Sub Study Type o f  data M ethods used Sample Size Spring Summer Autumn W inter
1 Baiestrieri et al., 2004 NW Italy Faeces K ruuk&  Parish ‘81 199 79 19 18 83
2 Boesi & Biancardi 2002 North Italy Faeces K ruuk&  Parish ‘81 118 25 36 48 9
3 Del Bove & Isotti 2001 Central Italy Faeces K ruuk&  Parish ‘81 69 16 9 26 18
4a Fedriani el al., 1998 Spain M atasgordas Dry Season Faeces Correction Factors 108 - - - -
4b Donana Bio. Res Dry Season Faeces 77 - - - -
4c Donana Bio. Res 2 Dry Season Faeces 162 - - - -

4d M atasgordas Wet Season Faeces 101 - - - -
4e Donana Bio. Res Wet Season Faeces 68 - - - -
4 f Donana Bio. Res 2 Wet Season Faeces 103 _ - - -

5a Fisher el al., 2005 Swiss Jura Mountain M ountain Faeces K ruuk&  Parish ‘81 734 _ - _ _
5b Mid Mountain Faeces 320 _ _ _ _
5c Low Land Faeces 382 _ . _ _
6a Goszcznski el at., 2000 Poland Pristine Forest Faeces Correction Factors 141 89 + -J- -
6b Forest-Orchard-Field Faeces 281 139 63 34 45
6c Forest-Field-M osaic Faeces 66 66 - _ -
7 Kaneko el al., 2006 Japan Faeces Used only % F 0 82 21 41 20 -

8 Lanski 2004 Hungary Faeces Correction Factors 156 96 19 16 25
9 M adsen el al., 2002 Denmark Stomachs Kruuk & Parish ‘81 108 26 39 24 11
10 Marassi & Biancardi Italian Prealps Faeces K ruuk&  Parish ‘81 147 22

2002 60 9 56
1 1 Martin el al., 1995 Donana, Spain Faeces Correction Factors 265 120 49 54 42
12 M elis el al., 2002 Central Italy Faeces Kruuk & Parish ‘81 329 - - - -

13 Palphram and el al. 2007 NE England Faeces Correction Factors 199 48 39 50 62
14a Revilla & Palomares Donana, Spain Coto Del Rey Faeces Correction Factors 1258

2002 - - - -

14b Reserva Biologica Faeces 114 - - - -

15 Roper & Lups 1995 Central Switzerland Stomachs Volume 217 - - - -

16 Rosalino el al., 2005 SW Portugal Faeces Correction Factors 450 108 83 113 146
17a Virgos et al., 2004 Central Spain Supra-M editerranean Faeces Kruuk & Parish ‘81 158 70 47 41
17b Mixed Faeces 144 77 53 14
17c M eso-M editerranean Faeces 62 24 24 14
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Table 1.2 Percentage frequency o f  occurrence (FO) and percentage by volume (Vol.) o f food category as presented in each study for papers 

reviewed. Studies are numbered as per Table 1.1. + :food category was present. - :food category was not recorded in the study.

Study No. M ammals________Birds_________Reptiles_____ Amphibians______ Insects______Earthw orm s Plant L itter______ Fruits________ Cereals_______ Molluscs
FO Vol. FO Vol. FO Vol. FO Vol. FO Vol. FO Vol. Fo Vol. FO Vol. FO Vol. FO Vol.

1 12.1 7.2 5.5 2.2 0.05 0.2 20.6 9 33.7 3.1 82.4 35.7 17.1 8.3 19.6 10.9 0 0 8.5 0.3
2 25.5 8 11.8 1.4 0.5 + 1.7 + 71.2 17.5 30.5 36.6 73.3 13 73.3 63 0 0 9.1 4-

3 + + + + 1.45 + 0 0 34.51 36 4- 4- 4- + + 4- 0 0 4- 4-

4a + 65.2 0.9 0.1 7.4 0.6 19.4 4.2 96.3 17.4 0 0 0 0 38 12 0 0 0 0
4b + 34.4 9.1 12.4 3.9 0.4 7.8 1.1 89.6 40.4 0 0 0 0 1.3 0.07 0 0 0 0
4c + 81.8 1.8 0 9.9 0.4 9.3 1.7 81.5 16 0 0 0 0 1.2 0 0 0 0 0
4d + 58.7 4 1.3 11.9 3.4 8.9 1.3 86.1 11.2 0 0 0 0 53.5 23.8 0 0 0 0
4e 8.6 21.6 4.1 11.5 7.3 7.9 5.9 0.5 97.1 13.8 0 0 0 0 32.3 42.5 0 0 0 0
4f + 61.9 4.8 1.7 16.5 10.3 26.2 12 76.7 12 0 0 0 0 20.4 2 0 0 0 0
5a 28.9 34.4 0 0 0 0 0 0 53.1 16.9 60.7 10.9 0 0 20.2 7.9 4- 21.8 0 0
5b 51.6 18.7 0 0 0 0 0 0 59.1 4.3 80.5 8.8 0 0 39.1 2.8 4- 55.9 0 0
5c 9.6 4.2 0 0 0 0 0 0 40.8 5.3 60.1 9.5 0 0 25 18.1 4- 54.8 0 0
6a + + + + + + + + + 4- + 4' 4- 4- 4- + 0 0 + 4-

6b + + + + + + + + -t- 4- 4- 4- 4- 4- 4- 4- 0 0 0 0
6c + + + + 0 0 12.1 2.2 + 4- 80.3 88.5 75.8 1.1 0 0 1.5 4- 0 0

7 14.3 0 + 0 0 0 4.8 0 + 0 4- 0 4- 0 4- 0 4- 0 0 0
8 + + + + + 0 + + + + + 4- 4- 4- 4- + 4- 4- 0 0
9 43.52 18.63 9.62 3.22 0 0 20.37 7.37 78.7 15.95 73.15 29.49 0 0 0 0 36.11 17.43 3.7 0.54

10 15 11.7 + + 0 0 0 0 + 17.5 43.3 12 4- + 95.2 54 4- 4- 4- 4-

11 + 72.6 + 0.92 + 0 16.6 5.69 -f 15.86 0 0 0 0 8.67 0.61 0 0 0 0
12 + + 0 0 0 0 0 0 + + 4- 4- 0 0 4- 4- 4- 4- 4- 4-

13 0 5 0 0 0 0 0 0 0 11.6 0 64.7 0 0 0 6.6 0 9.9 0 0
14a + 53.83 5.9 1.8 19.9 0 27.2 3.5 4 4- 4- 4 0 0 31.1 20.2 0 0 0 0
14b + 16.3 4.4 0.06 36.8 0 78.1 19.1 + 4- 4- 4- 0 0 17.5 12.4 0 0 0 0

15 + + 2 + 0 0 0 0 + 4 76 4- 93 4- 35 + 29 4- 20 4-

16 1.34 5.8 0.14 0.5 0.29 0 0.47 0 t 44.71 0.04 0.03 0 0 31.21 44.9 0 0 0.56 0.23
17a 12 4.7 0 0 0 0 3.8 0 4- 4- 71.5 39.3 0 0 23.4 6.6 0 0 0 0
17b 4.2 0.9 0 0 0 0 22.9 0 1 1 4- 61.8 19.7 0 0 21.5 4.5 0 0 0 0
17c 14.5 2.6 0 0 0 0 16.1 0 4- 4- 56.4 12.5 0 0 25.8 2.2 0 0 0 0



To assess the relative importance o f items in the diet several measurement indices were 

calculated:

Frequency of occurrence in the studies: the percentage o f studies that reported 

the existence o f a food item in its frequency o f occurrence statistics (Table 1.3). 

Range of frequencies of occurrence: the lowest and highest non-zero figure 

recorded for frequency of occurrence for an item across all studies (Table 1.3) 

Weighted average frequency of occurrence (Table 1.3) was determined using the 

following formula:

_ w,.x.
JL —

Where x = FO, w = sample size

Range of volumes was determined as the lowest and highest non-zero figure 

recorded for percentage volume for an item across all studies (Table 1.3).

• Weighted average volume (Table 1.3) was determined using the following 

formula:

Z n
/=! ^jyj

Where y = volume, w = sample size

In order to produce more reliable averages for frequency of occurrence and volume, the 

sample sizes of the studies was used as a weighting, in accordance with the above 

formulae (Sokal and Rohlf, 1981). In essence, the value was multiplied by the sample 

size in each study and the result was summed across all studies. The resulting figure was
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divided by sum o f the sample sizes (Sokal and Rohlf, 1981). E.g. for weighted average 

volume:

- , _ w,y,+w,y,+...  + w„y„
Wl + W 2  +  ... +

The reason for doing this was to give a greater importance to studies with a large sample 

size and a lesser importance to studies with a smaller sample size. In effect it gives each 

single sample across the studies an equal importance. Cases where the item w’as present 

but not quantified in the study were excluded from the calculation by necessity.

Ten o f the studies provided sufficient data in terms o f the percentage by volume for all 

food items to be ranked in terms o f  importance (Figure 1.1)

Table 1.3 Analysis o f frequency o f  occurrence (FO) and percentage by volume (vol.) o f

food categories as present in Table 2.

Category FO over  
all studies

Lowest
FO

Highest
FO

Weighted  
Average FO

Lowest
Vol.

Highest
Vol.

Weighted 
Average Vol.

Insects 96.6 33.7 97.1 53.5 3.1 44.7 17.0
Earthworms 72.4 0.0 82.4 41.3 0.0 88.5 14.6
Fruits 89.7 1.2 97.2 27.2 0.1 63.0 16.3
Mammals 96.6 1.3 51.6 18.8 0.9 88.8 31.6
Amphibians 75.9 0.5 78.1 11.3 0.5 19.1 2.2
Plant Litter 34.5 17.1 93.0 6.5 1.1 13.0 0.6
Reptiles 55.2 0.1 36.8 6.2 10.3 0.2 0.4
Birds 72.4 0.1 11.8 2.6 0.1 12.4 1.0
Cereals 34.5 1.5 36.1 2.3 9.9 55.9 10.3
Molluscs 31.0 0.6 20.0 1.3 0.2 0.5 0.0

All studies reported that badgers consumed a mixture o f animal and vegetal food. 

Animal material formed the bulk o f the diet and was consumed with high frequency in 

the majority o f  the literature (Table 1.2; Table 1.3; Figure 1.1). In four papers (2, 5, 10 

and 16) vegetal food formed the bulk o f the diet.
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Animal foods: Major food  categories

M ammals were a frequently recorded prey item, occurring in 96.6% o f the studies, with 

occurrence within the studies ranging from 1.3% to 51.6%, and with a weighted average 

occurrence o f 18.8% across the studies (Table 1.3). The weighted average volume o f 

mammals in the studies was 31.6%, ranging from 0.9% to 88.8%. In the Swiss Jura 

Mountains (paper 5) mammals constituted a large part o f  the diet in all three areas that 

were analysed and were represented in the diet by small rodents. However in terms o f 

percentage volume, mammals ranked third (Figure 1.1). O f the three papers (4, 11 and 

14) based on work carried out in Donana Nation Park in Spain, mammals were 

consumed throughout the year in two studies (4 and 11) (Table 1.3, Figure 1.1). The 

mammal type consumed in Donana Nation Park were rabbits.

Insects were also found in 96.6% o f all the studies and had an occurrence ranging from 

33.7% to 97.1% with a weighted average o f 53.5% (Table 1.3). However, despite insects 

having a high occurrence throughout the studies, they did not generally constitute a 

correspondingly high volume o f the diet (weighted average volume being 17%, Table 

1.3). Insects were the second most consumed food item in terms o f volume in 6 studies 

(4, 5, 10, 11, 13 and 16; Fig. 1). However, in one study (16) volume o f insects ranked on 

a par with the principle food category, fruits (Table 1.2, Figure 1.1).
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Figure 1.1 Percentage by volume of foods in the diet, ranked in terms of importance 

across different studies within each of the ten major food categories. E = earthworms, I 

insects, A = amphibians, M = mammals, B = birds, F = fruits, C = cereals, P = plant 

litter, Mo = mollusc + = food item present.
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Earthworms were recorded in 72.4% o f the studies, with occurrence ranging from 0.04% 

to 82.4% and a weighted average occurrence o f 41.4% (Table 1.3). The weighted 

average volume o f earthworms in badger diets was 14.6%, ranging from 0.03% to 

88.5%. Three papers (14, 4 and 11) failed to report the presence o f earthworms at all; the 

studies in question were all conducted in Donana Nation Park in Spain. One paper (11) 

reported that no data existed on earthworm distribution and abundance in southern Spain 

and so conducted a survey during the rainy seasons to estimate earthworm availability in 

dry and humid habitats. It was reported that earthworms were absent from the dry habitat 

and present in low density in humid habitat, giving an explanation for the lack o f 

earthworms in the diet in this area. In contrast to the dry hot conditions o f Donana 

Nation Park, in the mountains o f the Madrid province (17), it was found that earthworms 

made an important contribution to the diet (Table 1.2, Figure 1.1). In addition, the study 

found that earthworm consumption was non-linearly related to availability, indicating 

high intake compared with availability in wet areas. It was suggested that badgers were 

compensating for variations in food availability by changing their foraging tactics and 

effort (Virgos et al, 2004) in a similar manner to that observed by Kruuk and Parish 

(1991). However, a more detailed study is needed to explore this suggestion further, as 

the study had a very small sample size and there were limitations in their measure o f 

food availability, for example, uneven sampling o f habitats.

Studies in Poland (6a, b and c) recorded earthworms as the dominant food item in the 

diet in spring, while relative earthworm consumption declined during summer-autumn 

(Table 1.2). In northeast England (13) earthworms were recorded as an important food 

item throughout the year while in the Swiss Jura M ountains (5) intake o f earthworms 

had secondary importance in the diet in mountainous areas and were negligible in mid

mountain and lowland areas resulting in earthworms ranking fourth based on volume



(Table 1.2; Figure 1.1). Two o f the studies (9 and 15) were based on stomach contents; 

those carried out in Denmark and Switzerland respectively. In Denmark (9) earthworms 

occurred in large volume in the diet during the spring and winter (Table 1.2, Figure 1.1), 

while in Switzerland (15) earthworms had the highest occurrence, but were not 

consumed in large volumes (Table 1.3).

Animal foods: Minor food  categories

O f the other animal food categories, amphibians (frequency o f occurrence 75.9% 

ranging from 0.5% to 78.1% with a weighted average frequency o f occurrence per study 

o f 11.3%), birds (frequency o f  occurrence 72.4% ranging from 0.1% to 11.8% with a 

weighted average frequency o f occurrence per study o f  2.6%) and reptiles (frequency o f 

occurrence 55.2% ranging from 0.1% to 36.8% with a weighted average frequency o f 

occurrence per study o f  6.2%) were reported as being eaten in the majority o f  studies 

(Table 1.3). However, none o f these animals occurred in a high proportion o f  samples 

within any one study and never constituted a large proportion o f the diet by volume 

(amphibian average weighted volume 2.2%; birds weighted average volume 1%; reptiles 

weighted average volume 0.4%). Molluscs were the food category least consumed 

(frequency o f  occurrence 1.3%, range 0.6 to 20.0%, weighted average per sample 1.3%) 

and contributed little in terms o f  weighted average volume 0.03% (range from 0.2 - 0.5).

Vegetal food: Major food  categories

Vegetal food constituted plant litter, fruits and cereals. Plant litter was ignored or not 

included in the majority o f  dietary studies, as it is assumed not to have any nutritional 

benefit and might have been accidentally ingested (Neal and Cheeseman, 1996). When it 

was recorded, the occurrence o f plant litter in the literature was 34.5% with a weighted 

average occurrence o f 6.5% (ranging from 17.1% to 93%) (Table 1.3). In terms o f
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volume, plant litter was found to have a weighted average volume o f 0.6% (ranging from 

1.1%) to 13.0%) (Table 1.3). Cereals also occurred in 34.5% o f studies (ranging in 

occurrence from 1.5% to 36.1%), with an average weighting o f 2.3% (Table 1.3). In 

terms o f cereal volume, the average weighted volume in the diet was greater than that for 

plant litter, 10.3% (ranging from 9.9% to 55.9%>) (Table 1.3). Fruits had the highest 

occurrence o f  all vegetal food in the literature, 89.7% (ranging from 1.2% to 97.2%>), 

with a weighted average frequency o f  occurrence o f  27.2% (Table 1.3). Fruits also 

accounted for the greatest volume o f all vegetal food (16.3%, range 0.1% to 63%), 

indicating the overall importance o f this food item in the diet. In the Swiss Jura 

M ountains (5) fruits and cereals, especially maize, were important in the diet, 

particularly in the lower altitude studies (Figure 1.1). In Italy, (1 and 2) it was found that 

fruits were frequently consumed and represented the bulk o f  the diet in the study area 

(Table 1.2, Figure 1.1). In Portugal (16) badgers consumed a large amount o f fruits 

throughout the year (Table 1.2, Figure 1.1).

Seasonal differences in diet

Eleven o f the seventeen papers reviewed presented the results o f their work seasonally 

(Table 1.2). In Spain, (4) the composition o f the diet was divided into consumption 

during the wet (December to May) and dry seasons (June to November). Four papers (5, 

12, 14 and 15) presented seasonal results but failed to give the sample size for each 

season. W hilst one paper (6) did attempt to divide the three study areas into seasons, but 

did so unevenly; in the pristine forest study, samples collected in summer and autumn 

were combined as summer-autumn and no winter samples were reported. In the forest- 

orchard-field habitat, the months o f spring were February and March, summer was April 

and May, autumn was June, July and August while winter was September and October. 

No samples were collected between November and January. In the final study site,
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forest-field mosaic, the diet was only reported for spring. Spring in this study site was 

represented as March to May, which differs, from the definition o f spring in the forest- 

orchard-field.

The main limitation with dividing samples by season is that an already small sample size 

can be further reduced. This was a limitation when describing the seasonal variation o f 

the diet in much o f  the literature (Table 1.1). In particular, the diet in summer was 

reported to have a faecal sample size as few as 9 samples (3 and 10). In another paper, 

(2) the diet in winter was assessed using a sample size o f 9.

Bearing these limitations in mind, the literature was assessed for variation and change in 

the percentage volume o f  the main food items across season.

In spring, there was an increase in the consumption o f  animal food, mainly earthworms 

(6, 7, 8, 9, 10, 15 and 17) and insects (papers 16, 10, 2, 5 and 13). In addition to an 

increase in these food types during spring, badgers also consumed more cereals (9) and 

amphibians (8).

While badgers still consumed insects during the summer in several studies (6, 7, 9, 12 

and 17) there was an increase in the consumption o f fruits in other studies (1, 2, 3, 14 

and 15). Also, in summer, certain studies showed an increase in the consumption o f 

mammals (5, 9 and 13) and amphibians (8) compared to other seasons.

During autumn several papers showed an increase in fruits and cereals being consumed 

by badgers (13 and 14; 5, 7, 9 and 15, respectively). There was also an increase in the 

consumption o f mammals (5 and 8), amphibians (8), and insects (6 and 9).
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In winter the intake o f animal food increased (2, 5, 8, 9, 10, 11, 14 and 15). There was an 

increase in the consumption o f earthworms (8, 9 and 15) while in northeast England (13) 

there was an increase in the consumption o f cereals.

1.1.3 Discussion of Literature

The findings o f this review are somewhat similar to those o f Roper (1994), who found 

that animal foods were usually eaten more in winter and spring, while fruits and cereals 

were consumed more in summer and autumn (Andersen 1954, Stocker and Lups 1984, 

Ibafiez and Ibanez 1980, Kruuk and Parish 1981, Mouches 1981, Harris 1982, Henry 

1983, Ciampalini and Lovari 1985, Pigozzi 1991, Skinner and Skinner 1988 and 

Shepherdson et al 1990). However, the current review differed, in that more o f a split 

was found; badgers consumed more animal food during the summer (5, 6, 7, 8, 9, 12, 13 

and 17) compared with vegetal food during the summer (1, 2, 3, 14 and 15). Dominant 

animal materials were composed o f mammal prey species followed by insects and 

earthworms, while fruits represented the dominant vegetal food.

As demonstrated in this literature review, it is partly the badger's wide dietary niche that 

allows it to be so adaptable to different environments. Consequently, the animal is 

indigenous to most o f Europe (excluding Northern Scandinavia, Iceland, Corsica, 

Sardinia, Sicily and Cyprus) and many parts o f Asia (Lynch, 1997). However the types 

o f feeding behaviour displayed by badgers have been disputed in the literature since 

Ernest N eal's pioneering work in 1948 where he said “there are not many omnivorous 

animals, but the badger is certainly one o f  them ”. Kruuk and Parish (1981) disagreed 

with this term and, from research in Scotland, suggested badgers were not omnivorous, 

but instead were specialists that fed on earthworms throughout the year. Roper’s (1994) 

review and further research by Roper and Liips (1995) challenged Kruuk and Parish's
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(1981) view by suggesting that badgers were opportunistic generalist feeders, as opposed 

to omnivores. This implies that their foraging behaviour is such that they consume a 

variety of foods whenever they are encountered, rather than concentrating on one 

particular food source (Roper, 1994). Based on their study in England, Neal and 

Cheeseman (1996) agreed that badgers are opportunistic generalists, and further 

suggested that they forage using an energy-saving mechanism when exploiting patchy 

food sources. When a source o f food is abundant on a particular night, such as 

earthworms, the badger forages solely on this resource. This concentration on an 

abundant food type occurs randomly throughout the year and not in predictable seasonal 

patterns.

As shown above, the diet of badgers has been reviewed (Roper 1994, Roper and 

Mickevicius 1995, post-1994 review) in many parts of this species’ range. However, a 

detailed dietary study of badgers in Ireland has never been published. Badgers are the 

topic of much debate with regard to their role in the spread of Mycobacterium bovis to 

cattle in the Britain and Ireland. In Britain, earthworms are regarded as an important 

food source for badgers (Palphramand et al., 2007; Neal and Cheeseman, 1996; Kruuk 

and Parish, 1981), which would imply that badgers may spread Mycobacterium bovis to 

cattle while foraging for earthworms on pasture that is grazed on by cattle. In response to 

this potential threat to cattle farming, the Department of Agriculture, Fisheries and 

Foods (DAFF) are currently conducting a national TB eradication program across the 

Republic of Ireland that has resulted in culling of badgers. This cull presented a unique 

opportunity to study the diet of badgers in Ireland and is one of very few attempts, 

anywhere, to estimate the diet of badgers based on large, year round samples o f stomach 

contents as a result. In addition, this work enabled a direct comparison to be made 

between dietary estimates based on stomach contents and estimates based on faeces.
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1.2 THESIS OUTLINE

W ithin my study, I sought primarily to investigate the diet o f badgers in the Republic o f 

Ireland. For the benefit o f  future dietary research based on faeces, I compared and 

contrasted differences between stomach contents and faeces and differences in dietary 

methodologies. I considered the effects o f certain weather conditions and badger body 

measurements on diet. I also speculated about passage time o f food item through the 

gastrointestinal tract o f badgers.

After the literature review in Chapter 1 and detailing methods in Chapter 2, the purpose 

o f Chapter 3 was to investigate and describe the diet using stomach contents. This 

established what badgers consume, how food choice differed between seasons, and the 

width o f  the dietary niche. The result o f this chapter helped to show what type o f 

foraging behaviour best described the diet o f badgers in Ireland.

Chapter 4 attempts to test for relationships between the effects o f nightly weather 

conditions and what badgers consumed in each season. In addition each body 

measurements: body weight, subcutaneous fat depth and percentage kidney fat index, is 

correlated with diet. Also, in this chapter, the effect o f TB, age and gender on diet is 

considered.

Chapter 5 compares the effectiveness o f the two sources o f  information about the diet by 

comparing and contrasting stomach contents with corresponding rectal faecal samples. 

This allowed assessment o f whether the diet, as reconstructed by faecal analysis, w'as 

similar to the diet when assessed using analysis o f  stomach contents.

The intention o f Chapter 6, which forms a logical continuation o f chapter 6, was to

evaluate differences in the results between the two most common methods used when
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analysing faecal samples and to establish which method gave a truer refection o f the 

diet. These results aim to abet other researchers in dietary studies described using faeces.

Chapter 7 is very much a preliminary study, which examined the passage time o f food 

items through the gastrointestinal tract. The aim o f the chapter was to investigate, among 

other things, possible reasons for the narrow dietary niche breadth and high intake o f 

plant litter found in the diet.

Chapter 8 is a general discussion o f the topics presented in this thesis and how the results 

from the study fits into what is already know about the diet o f badgers as described in 

the literature. Also presented in this chapter are recommendations for further research 

that could be carried out to aid in the understanding o f the diet o f badgers in Ireland.
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Chapter 2. General materials and methods

2.1 STUDY ANIMALS

In the Republic o f Ireland, as part o f  the Department o f Agriculture Fisheries and Food’s 

(DAFF) national TB eradication program, badgers from setts near TB infected cattle 

were culled in an attempt to decrease TB transmission to cattle. Badgers were only 

culled when other sources o f  infection had been eliminated and it was suspected that the 

badgers were infected, and so were likely to be responsible for the cattle breakdown. The 

badgers used in this study were taken from this DAFF cull; no animals were killed for 

the purposes o f this study. A very small number o f  badgers that had been killed by cars 

were included in this study (N = 40). Out o f these road-killed badgers, 87% had stomach 

contents and 27% had faeces.

2.2 STUDY AREA

The majority o f badgers used in this study were sourced from cattle farming areas 

throughout the whole o f the county (Table 2.1). As part o f the DAFF cull, badger setts 

and the type o f habitat that each sett were located in were recorded throughout Ireland. 

Figure 2.1 (courtesy o f DAFF) shows all known badgers setts found in cattle farming 

areas as o f October 2007. Legend indicates if sett was located in hedgerow (Plate 2.1; 

Plate 2.2) or another type o f habitat.
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Figure 2.1 M ap o f  Ireland show ing the distribution o f  setts w ithin hedgerow s and other 

habitat types as recorded by DAFF.
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Plate 2.1 Typical farm land hedgerow

Plate 2.2 Active m ain sett w ithin farm land hedgerow.

38



Table 2.1 List o f the 26 counties o f the Republic o f Ireland and the number o f stomach and faecal samples collected and analysed 

continuously from the start o f March 2005 to the end o f September 2006 from each county in each season.

Legend County W inter Spring Sum mer Autumn Total Total Overal
Key Stom ach Faeces Total

(Dec - Feb) (M ar - May) (Jun - Aug) (Sept - Nov)

Stomach Faeces Stomach Faeces Stomach Faeces Stomach Faeces

I Dublin 0 0 0 0 1 0 0 0 1 0 1
2 W icklow 3 4 10 7 6 1 3 2 22 14 36
3 Wexford 2 0 2 4 0 0 9 18 13 22 35
4 Carlow 0 2 11 2 0 0 1 4 12 8 20
5 Kildare 13 20 7 2 2 0 9 15 31 37 68
6 Meath 1 2 4 7 1 0 0 0 6 9 15
7 Louth 1 0 3 2 0 0 1 2 5 4 9
8 Monaghan 16 33 6 9 2 0 2 5 26 47 73
9 Cavan 25 32 32 52 1 0 10 18 68 102 170
10 Longford 17 22 5 7 2 0 20 24 44 53 97
11 W estmeath 4 7 0 0 0 0 4 9 8 16 24
12 Offaly 20 23 9 6 3 2 29 20 61 51 112
13 Laois 0 2 3 3 0 0 3 14 6 19 25
14 Kilkenny 4 10 8 7 7 15 2 13 21 45 66
15 Waterford 14 16 6 5 8 11 7 19 35 51 86
16 Cork 16 28 42 52 15 1 15 22 88 103 191
17 Kerry 20 16 7 3 0 0 0 0 27 19 46
18 Limerick 8 3 10 5 3 0 2 4 23 12 35
19 Tipperary 1 1 6 6 11 0 7 15 25 22 47
20 Clare 30 43 30 28 2 2 2 5 64 78 142
21 Galway 8 11 3 4 1 0 15 10 27 25 52
22 Mayo 9 16 12 4 3 0 12 11 36 31 67
23 Roscommon 0 0 1 0 0 0 0 3 1 3 4
24 Sligo 0 0 2 1 5 0 9 24 16 25 41
25 Leitrim 0 0 3 1 0 0 4 4 7 5 12
26 Donegal 0 0 8 17 4 8 1 0 13 25 38

Total 212 291 230 234 77 40 167 261 686 826 1512



2.3 ASSESSMENT OF THE DIET OF BADGERS

2.3.1 Establishing the sample size required

An important factor when considering the diet of an animal is the number of samples 

required, as this factor can affect the degree of precision of the results. A study by Trites 

and Joy (2005) on Steller sea lions {Eumetopias jubatus) suggested a minimum sample 

size o f 59 scats is necessary to identify principal prey remains occurring in >5% of scats. 

To ensure a large enough sample size was reached to allow analysis of seasonal effects, 

stomach contents and faecal matter were taken each season from March 2005 to the end 

of September 2006 (Table 2.1). However, during the summer period a lower number of 

badgers was culled by the DAFF, by comparison to the rest of the year. This resulted in 

a low sample size of badgers for this season; 77 for stomachs and 40 for faeces.

2.3.2 Analysis of diet

Each day, a random sample of stomachs and faeces were taken from those available after 

the two nights’ culls. Entirely empty stomachs and empty rectums were rejected, but 

otherwise no selection criteria were used. To give an indication of how many of the 

culled badgers had stomach contents or faeces present, a sub sample of badgers (N=620) 

was examined, and it was recorded whether stomach contents or faeces were present or 

absent. Out o f the sub sample, 38% of badgers examined had stomach contents present 

while 52% had faeces present. A possible reason why this number was so low could be 

that most animals were trapped shortly after emergence at the beginning of the activity 

period and therefore did not forage.

Stomach samples and faecal samples were analysed in the same manner. The entire 

sample was stored in 10% buffered formalin for up to 24 hours before analysis. For each 

badger, the stomach contents/faeces were washed through a 500|j,m sieve stacked on top



of a 125)o,m sieve. The 500|im sieve retained the “macro-fraction”, and the 125)o,m sieve 

retained the “micro-fraction”. The latter sieve was fine enough to retain earthworm 

chaetae (Reynolds and Aebischer, 1991).

2.3.3 Analysis of the micro-fraction

The micro-fraction was washed from the 125|j.m sieve with water into a centrifuge tube. 

After removing access water and allowing the micro-fraction to settle for one hour, the 

tube was centrifuged for two minutes at 1 OOOg and the volume of the pellet recorded. An 

equal volume o f water was added to the pellet and the contents were thoroughly 

homogenised by shaking. Using a pipette, a 1ml sub-sample of the resulting solution was 

examined for earthworm chaetae (see Reynolds and Aebischer, 1991). By this method, 

the pipette sample always contained the same proportion of water to sediment and was 

thick enough to ensure the capture o f earthworm chaetae (Reynolds and Aebischer, 

1991). The sub sample was spread evenly over a Petri-dish. marked with a perfectly 

centred 1 cm grid. Counting and measuring of chaetae was done across the row of 

squares marked across the diameter o f a Petri-dish and under low power magnification 

in the range x l6  to x 20. A correction factor was calculated by dividing the internal 

surface area o f the Petri dish by the surface area of the row, calculated as the number of 

1 cm squares in the row. The assumption was made that all Lumbricidae consumed were 

the size of L. terrestris. This assumption was validated by measuring the length of 

chaetae o f 70 random sub-samples to ascertain that they were in the size range for L  

terrestris (Reynolds and Aebischer, 1991; Wroots, 1985). Although it was possible that 

other Lumbricus species may also have been consumed (e.g. Lumbricus rubellus; Kruuk 

and Parish, 1981), the closely related species are considered to have similar body size 

and number o f segments per worm (Wroots, 1985), thus reducing the possible error 

associated with estimating the number of chaetae per earthworm consumed
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(Palphramand et al., 2007). The number o f chaetae in the original sample was 

determined by multiplying the number counted across the row by the correction factor to 

obtain the amount contained in the 1ml sample, and multiplying the result by the volume 

o f the pellet (Reynolds and Aebischer, 1991). To determine the number o f Lumbricidae 

individuals represented by the number o f chaetae, the total number o f chaetae was 

divided by eight (the number o f chaetae per segment: Wroot 1985) and the result was 

divided by 134.7 (the average number o f segments in the earthworm Lumbricus 

terrestris: W root 1985).

The dry weight o f  the micro-fraction was obtained by weighing the dried micro-fraction, 

after adding back in the removed sub-sample (oven dried at 45 °C for 12 hours).

2.3.4 Analysis of the macro-fraction

The macro-fraction was put in a Petri dish and oven dried at 45 °C for between 12 and 24 

hours, depending on size o f sample, and the dry weight was recorded. Using a dissecting 

microscope at a power o f between x6.3 - x l2 .5 , the sample was examined for 

identifiable remains o f prey species, e.g. frog bones, beetle elytra and legs, heads and 

skin o f insect larvae. The total number o f each prey item was either counted directly in 

the case o f items that were partly digested such as frogs or tipulid and noctuid larvae, or 

estimated by extrapolating from the number o f identifiable remains (e.g. chaetae, beetle 

elytra and legs). Plant material was divided into berries (identified by the presence o f 

seeds), and cereal (identified by the presence o f husks and skins), and the remainder 

grouped under the heading “plant litter”, consisting mainly o f grass, plant roots, leaves 

and wood. Each individual food category was then weighed. That is, in each sample all 

noctuid remains were weighed together, all carabid adults’ remains weighed together 

etc.

42



As the stage of digestion of prey items differed between stomachs and faecal samples, 

conversion factors were not appHcable for stomach samples, as standard faecal 

conversion factors assume that each prey category has undergone complete digestion 

(Lockie, 1959). Therefore to compare samples between different individuals, an 

estimation of the percentage o f the total pre-ingested bulk was made for each of the 

categories of food, as recommended by Kruuk and Parish (1981). This also corrected for 

the differences in the volume of the stomach contents or faecal samples available from 

different badgers. The estimation was carried out by eye, and with the use o f a reference 

collection it was possible to visualise the pre-ingested bulk and to work out the 

proportions of items in comparison to each other. The reference collection was 

composed of frequently consumed food, that is, tipulid and noctuid larvae, a selection of 

carabid adults, earthworms and so on, that were collected from badger habitats. Having 

such specimens aided in determining proportions of different food items consumed, 

especially when faecal samples were used.

2.3,5 Independent observers

Due to the subjective nature of estimating pre-ingested bulk, 65% of both stomach and 

faeces samples were analysed independently by the author and 3 independent observers 

in order to ensure no bias was introduced. Each observer was given a data sheet with the 

sample number, whether the sample was from the stomach or the rectum, and the type 

and count of food items the sample contained. Each observer worked independently on 

the samples and, with the use of the authors’ reference collection, worked out pre- 

ingested bulk estimations. As there was relatively close agreement between observers, 

and authors’ estimations (Figure 2.2) the mean for all 4 readings were used where 

applicable. By using the mean of the 4 readings, this took into consideration any 

variation between the readings that may occur. As stomach contents were used to
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represent the badgers diet in chapter 3, 4 and 5, an example o f estimations and the 

derived means from stomach samples o f 281 badgers used as part o f the sample in these 

chapters is presented in Table 2.2.a - d.
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Figure 2.2 Rank order o f pre-ingested bulk o f  food items found in a sample o f 281 

badger stomachs as ranked by independent observers. P = plant litter, N = noctuid 

larvae. An = Anura, T = tipulid larv'ae, C = Cereals, L = Lumbricidae, CA = carabid 

adults, CL = carabid larvae, B = Berries, A = Aculeata, M = Mammalia, U = 

Unidentified larvae, G = Gastropoda
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+Table 2.2.a Estimations and rank order o f seasonal tipulid larvae as recorded by 

independent observers using pre-ingested bulk. The mean of the four recordings was

calculated, recorded and ranked.

Month
Sample

Total
Rank

Order Author
Rank

Order
Observer

1
Rank

Order
Observer

2
Rank

Order
Observer

3
Rank

Order Mean
Jan 31 0.0% 0.0% 0.0% 0.0% 0.0%
Feb 20 3 2.0% 3 3.2% 3 1.5% 4 1.6% 4 2.0%
Mar 32 4 1.7% 4 2.8% 4 1.2% 3 3.5% 3 2.0%
Apr 33 1 27.4% 1 29.0% 1 20.7% 1 30.8% 1 27.0%

May 14 2 21.5% 2 23.0% 2 15.2% 2 25.8% 2 21.0%
Jun 12 5 1,5% 5 1.1% 5 1.0% 5 1.5% 5 1.3%
Jul 9 0.0% 0.0% 0.0% 0.0% 0.0%

Sep 4 0.0% 0.0% 0.0% 0.0% 0.0%
Oct 42 0.0% 0.0% 0.0% 0.0% 0.0%

Nov 39 0.0% 0.0% 0.0% 0.0% 0.0%
Dec 45 0.0% 0.0% 0.0% 0.0% 0.0%

+Table 2.2.b Estimations and rank order o f seasonal noctuid larvae as recorded by 

independent observers using pre-ingested bulk. The mean of the four recordings was

calculated, recorded and ranked.

Month
Sample

Total
Rank

Order Author
Rank

Order
Observer

1
Rank

Order
Observer

2
Rank

Order
Observer

3
Rank

Order Mean
Jan 31 6 0.1% 6 0.1% 6 0.1% 6 0.3% 6 0.1%
Feb 20 4 2.8% 4 2.2% 3 4.4% 4 4.1% 4 3.4%
Mar 32 5 1.7% 5 0.9% 5 0.5% 5 0.7% 5 0.8%
Apr 33 0.0% 0.0% 0.0”4 0.0% 0%

May 14 0.0% 0.0% 0.0% 0.0% 0%
Jun 12 0.0% 0.0% 0.0% 0.0% 0%
Jul 9 0.0% 0.0% 0.0% 0.0% 0%

Sept 4 0.0% 0.0% 0.0% 0.0% 0%
Oct 42 1 22.5% 1 19.7% 1 17.3% 1 28.0% 1 22.0%

Nov 39 2 17.6% 2 15.5% 2 12.8% 2 26.6% 2 18.1%
Dec 45 3 5.4% 3 5.0% 4 3.4% 3 9.5% 3 5.8%

+Table 2.2.C Estimations and rank order of Lumbricidae as recorded by independent 

observers using pre-ingested bulk. The mean of the four recordings was calculated, 

recorded and ranked.

Month
Sample

Total
Rank

Order Author
Rank

Order
Observer

1
Rank

Order
Observer

2
Rank Observ'er 

Order 3
Rank

Order Mean

Jan 31 9 0.7% 7 1.0% 7 0.8% 6 1.9% 6 1.1%
Feb 20 6 1.0% 6 1.0% 8 0.7% 9 1.7«/o 7 1.1%
Mar 32 7 0.9% 8 1.0% 6 0.8% 8 1.7% 8 1.1%
Apr 33 2 2.8% 3 1.9% 3 1.2% 3 2.9% 3 2.2%

May 14 1 15.4% 1 11.2% 1 8.7% 1 12.8% 1 12.0%
Jun 12 8 0.8% 9 0.9% 9 0.6% 7 1.8% 9 1.0%
Jul 9 10 0.5% 10 0.4% 11 0.4% 10 1.0% 10 0.6%

Sept 4 11 0.5% 11 0.4% 10 0.6% 11 0.4% 11 0.4%
Oct 42 3 2.6% 2 3.4% 2 2.4% 2 3.9% 2 3.0%

Nov 39 4 2.3% 4 1.8% 4 1.2% 4 2.8% 4 2.0%
Dec 45 5 1.3% 5 1.3% 5 0.8% 5 2.3% 5 1.4%
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Table 2.2.d Estimations and rank order o f plant litter as recorded by independent 

observers using pre-ingested bulk. The mean o f  the four recordings was calculated

recorded and ranked.

Month
Sample

Total
Rank

Order Author
Rank

Order
Obser\'er

1
Rank

Order
Obsen'er

2
Rank

Order
Observer

3
Rank

Order Mean
Jan 31 1 93.0% 1 93.0% 1 94.7% 1 89.8% 1 92,6%
Feb 20 2 90.0% 2 89.8% 3 90.4% 2 86.5% 2 89,2%
Mar 32 4 85.3% 4 84.0% 4 89.3% 4 79.0% 4 84,4%
Apr 33 7 62.6% 9 62,8% 8 72.1% 8 59.5% 8 64,2%

May 14 8 61.6% 7 64,8% 7 73.8% 7 60.0% 7 65,0%
Jun 12 5 82.7% 5 83,8% 5 83.1% 3 80,1% 5 82,4%
Jul 9 10 47.8% 10 54,0% 10 52.1% 10 35,6% 10 47,4%

Sep 4 II 47.0% 11 53,0% 11 50,0% 11 33.0% 11 45,7%
Oct 42 9 60.9% 8 63,7% 9 69,0% 9 52.2% 9 61,5%

Nov 39 6 74.7% 6 76.9% 6 82,7% 6 63,7% 6 74.5%
Dec 45 3 86.0% 3 87,0% 2 90,6% 5 78,3% 3 85,5%

2.3.6 Identification of food items found in stomach and faecal samples

The level o f  taxonomic breakdown used to identify prey types from a sample is an 

important consideration. Ideally, identification at species level would be highly desirable 

but unless it could be done for all prey items, it would make niche-overlap or diet 

diversity studies meaningless (Matthews et al., 1977). For example, one prey type may 

be identified to species, while another is identified only to family, which may contain 

several or even many species. Prey items found in samples are often broken down into 

small fragments, therefore making it extremely difficult to identify the prey to species 

level, and in some cases even family is difficult to identify. Indeed, in many dietary 

studies identification is only possible to order or family level (Green and Tyler, 1989; 

Churchfield et al., 1999).

In the current study, food items collected from stomach samples and faecal samples

were separated into appropriate food categories. To ensure a balanced comparison, these

categories were grouped in three ways: all plant material vs. all animal material, groups

corresponding to approximately equivalent taxonomic levels, and then a comparison of

the contribution o f  different insect families to the diet (Table 2.3). Very few dietary
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studies identify prey types in more detail than this and it was felt that this level o f 

division was sufficient to understand the foraging ecology o f badgers in Ireland.

Table 2.3 The level o f taxonomic breakdown used in assessing food items consumed by

badgers

L evel o f
T axonom ic
B reakdow n

Latin N am e C om m on N am e R eferred  to  in T hesis

Part 1
K ingdom Planta A ll P lan t M aterial All P lant M ateria l
K ingdom A nim alia Ail A nim al M ateria l All A nim al M ateria l
P art 2
C lass, Fam ily O ligochaeta , L um bric ina E arthw orm s L um bricina
C lass Insecta A ll Insects All Insecta
C lass G astropoda Snails G astropoda
C lass M am m alia M am m als M am m alia
C lass A ves B irds A ves
C lass, O rder A m phib ia , A nura Frogs A nura
- - B erries B erries
- - C ereals C ereals
- - Plant L itter P lant L itter
Part 3
Fam ily C arab idae G round  B eetles C arab id  A dults
Fam ily C arab id  Larvae G round B eetle larvae C arab id  L arvae
Fam ily T ipulidae T ipulid  L arvae T ipu lid  L arvae
Fam ily N octu idae N octu id  L arvae N octu id  L arvae
- - U nidentified  L arvae U niden tified  Larvae
O rder, S uborder H ym enoptera , A cuieata B ees/W asp A cuieata
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2.3.7 Dietary Niche Breadth, Levins’ Index

To evaluate any seasonal differences in dietary niche breadth, Levins’ Index was used as 

suggested by Hurlbert (1978):

BS = (B- l ) / ( n - l )

BS= Standardized Levins’ index (Range = 0 to 1) 

where

B = l/(Xpi^) (Levins’ index, range= 1 to n); 

pi = fraction o f items in the food category

n = number o f  food categories present in the diet; Lumbricidae, Gastropoda, Mammalia, 

Ave, Anura, berries, cereals, carabid adults, carabid larvae, tipulid larvae, noctuid larvae, 

unidentified larv'ae and Aculeata.

BS varies from zero to one, with one as the maximum niche breadth. Dietary breadth 

was assessed using both faecal analysis methods. Plant litter was excluded from this 

analysis as it was assumed that badgers do not gain any nutritional value from this 

dietary component.

2.3.8 Statistical Analyses

Stomach contents and faeces data were both tests for normality were carried out using 

the Kolmogorov-Smimov test for goodness o f fit, in SPSS 12, and inspection o f 

histograms. A Poisson distribution was observed to fit the data tested most closely, but 

no simple transformation was effective at converting it to normality. Therefore non- 

parametric statistics were used in analyses o f data presented in this thesis.
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Chapter 3. The diet o f the badger (Meles meles) in the RepubHc of Ireland.

3.1 INTRODUCTION

Much research has been published on the badger’s feeding behaviour, detailing which 

food items that constitute the anim al’s diet across its range (Kruuk and Parish, 1981; 

Rodriguez and Delibes, 1992; Roper, 1994; Martin et al., 1995; Neal and Cheeseman, 

1996; Fischer et al., 2005; Rosalino et al., 2005; Palphramand et al., 2007). It is clear 

from these studies that badgers have an array o f different feeding strategies and foraging 

behaviours which, along with other factors, help to permit the species to have an 

extensive distribution across Europe (Kruuk and Parish 1981; Sheperdson et al., 1990; 

Roper, 1994; Martin et al., 1994; Fisher et al., 2005; Rosalino et al., 2005). Goszczynski 

et al. (2000) identified latitudinal trends in the badger’s diet throughout Europe, which 

showed it to be dominated, although not exclusively, by earthworms (mainly Lumbricus 

terrestris) in northern latitudes, while in southern latitudes other foods predominate, 

mainly fruits and insects. This view is supported by dietary studies from the Britian and 

Mediterranean regions (Neal and Cheeseman, 1996; Rosalino et al., 2005), which would 

indicate that badgers are generalist species and have the capacity to survive on different 

resources depending on habitat type and environmental conditions (Roper 1994). 

Badgers seem to compensate for variations in food availability depending on habitat 

type or season by being able to change their foraging tactics and efforts (Virgos et al., 

2004). One o f the main impacts on badger feeding strategies and foraging behaviour is 

the degree o f habitat transformation by humans, which significantly affects food 

availability. Goszczynski et al. (2000) hypothesised that the diet o f badgers foraging in 

forest areas would be dominated by earthworms, while badgers foraging on farmland 

and pastures would consume equal amounts o f earthworms, garden fruits and cereals.
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Kruuk and Parish (1981) found that Lumbricidae dominated the diet in Scotland and 

badgers changed their foraging efforts to compensate for fluctuations in Lumbricidae 

availability, leading to badgers being termed as earthworm specialists. The term 

“earthworm specialist” was deemed appropriate, as intake o f Lumbricidae by badgers 

was independent o f availability and the proportion o f Lumbricidae in the diet was 

relatively constant and subjected to little seasonal variation. Virgos et al., (2004) agreed 

with Kruuk and Parish (1981) that badgers were earthworms, as they found in supra- 

Mediterranean habitats o f Madrid that earthworms also dominated badger diets. It was 

concluded by Virgos et al., (2004) that badgers in Scotland and supra-Mediterranean 

habitats could be viewed as facultative specialists. A badger that behaves as a facultative 

specialist would search preferentially for earthworms, but would take other food 

resources while foraging for earthworms, especially in times o f low earthworm 

availability e.g. summer droughts.

In other habitats throughout the Mediterranean, parts o f Italy, Spain, and Portugal, 

badger foraging behaviour and feeding strategies have lead them to be described in the 

literature as generalist foragers that display seasonal or local specialisation on particular 

food sources. Pigozzi (1988a) found that in dry coastal habitats in central Italy, badgers’ 

diets fluctuated with seasonal availability o f Lamellicomia (Scarabaeidae) larvae. 

Badgers were observed digging for the larvae and consuming them from February to 

May (Pigozzi, 1989). In Donana National Park in Spain the badger’s secondary prey, 

that is prey consumed in smaller amounts’, are consumed according to their availability, 

compensating for temporal fluctuation o f the preferred dominant prey, rabbit kittens 

(Oryctolagus cuniculus) (Martin et al., 1995). Likewise, in southwest Portugal, badgers 

showed seasonal specialisation on olives and consumed other food types such as 

arthropods and fruits when olives were not available (Kruuk and de Kock 1981; 

Rosalino et al., 2005). In all these studies, seasonal or local feeding specialisation is
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defined as the diet being temporarily dominated by a particular food the availability o f  

which whose changes throughout the year. However, for badgers to be truly termed as 

showing seasonal or local specialisation, the question o f  how theses badgers would cope 

with a  loss in the availability o f the seasonal item needs to be addressed (Revilia and 

Palom ares, 2002). That is, how would badgers’ foraging behaviour change if  olive crops 

failed, or rabbit kittens number dramatically declined and were not available in such 

abundances for badgers to specialise on?

In northern latitudes such as England and parts o f Switzerland, badgers are described 

predominantly as generalists that forage in an opportunistic manner on whichever food 

type is most abundant (Shepherdson et al., 1990; Roper, 1994; Roper and Liips, 1995; 

Neal and Cheeseman 1996; Fisher et al., 2005). In England, Lumbricidae were found to 

make up a large proportion o f the diet in all seasons except summer, at which time 

badgers increased their consumption o f cereals (Shepherdson et al., 1990). In 

Switzerland, Lumbricidae were taken at a high frequency o f occurrence throughout the 

year but in low volumes, while badgers seasonally consumed large volumes o f  wasps, 

cherries, plums and oats (Roper and Lups, 1995). In the Swiss Jura Mountains, 

mammals and cereals dominated the diet, while in mid-mountain and lowland areas, 

maize dominated the diet (Fisher et al., 2005). Earthworms were only o f secondary 

importance in the diet in mountainous areas and were negligible in the mid-elevation and 

lowland areas. Roper (1994) suggested that the simplest explanation o f the badger’s diet 

is that consumption o f different foods is determined primarily by their relative 

profitability. That is, badgers consume whatever is more common or available in the 

animals’ habitat resulting in badgers being viewed as a generalist or opportunist feeder.

The diet o f badgers has never before been studied in the Republic o f Ireland, resulting in 

a gap in the literature. However, as a result o f the TB eradication cull, the stomach
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contents from a large number of badgers from habitats surrounding, or on, cattle farms 

throughout the Republic of Ireland were available to study. Thus, the aim of chapter 3 is 

to provide a detailed study o f the diet of badgers in the Republic of Ireland. In addition 

this study presents one of the very few data sets from anywhere in the world that 

describes the diet of badgers throughout the year based on a large sample of stomach 

contents. This makes the study undertaken in this chapter particularly important, as 

stomach contents may give a more accurate picture o f diet than studies based on faeces 

analysis.
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3.2 MATERIALS AND METHODS

3.2.1 Study area

Badgers were collected from farming areas from March 2005 to September 2006, 

inclusive.

3.2.2 Diet analysis

Dietary analyses were carried out as described in section 2.2.

3.3 QUANTIFYING DATA

To interpret the data and enable comparisons to other dietary studies, the data collected 

from stomach and faecal samples were quantified in the following ways.

3.3.1 Percentage frequency of occurrence (%FO)

In keeping with other dietary studies and as recommended by Zabala and Zuberogoitia 

(2003), the percentage frequency o f occurrence was calculated for all food items. 

Percentage frequency o f  occurrence is defined as the number o f samples found to 

contain a given item expressed as a percentage o f the total number o f samples. This was 

calculated for both stomach and faecal samples.

3.3.2 Percentage pre-ingested bulk (%IB)

Percentage pre-ingested bulk was used instead o f conversion factors. This method 

corrects for the differences in contents volume betw'een different stomachs and between 

different faecal samples with the relative importance o f an item in the diet, depending on 

the bulk o f the item.
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3.3.3 Percentage coefficient of variance (%CV)

As recommended by Roper and Liip (1995), variability o f intake for each food category 

was assessed by calculating the coefficient o f variance for that food category across all 

stomach samples. This was done using the formula: %CV = (standard deviation o f  each 

food item in each season x 100) / mean o f  the food item in each season). The coefficient 

o f  variance indicates to what degree a given food category varies in its presence across 

the whole data set.

3.3.4 Statistical analysis

For each stomach, two parameters were estimated. For each food category present, the 

percentage frequency o f occurrence (% F0) and the percentage o f pre-ingested bulk 

(%1B) were calculated. The variability in the %IB for each food categorj' across all 

stomach samples was assessed by calculating the coefficient o f variance (%CV).

For analysis, the year was divided into four three-month groupings: winter (December to 

February), spring (March to May), summer (June to August) and autumn (September to 

November). For the investigation o f seasonality in the diet, % F 0  was tested using a 

contingency coefficient G-test. A Kruskal-W allis test was applied to %1B for the whole 

year to identify if  significant differences occurred. Mann-Whitney U-tests were applied 

to %IB to identify where significant differences occurred between seasons. Bonferroni 

corrections were applied to compensate for multiple testing. Bonferroni corrections are a 

method for reducing the critical value o f alpha (0.05) when many tests are carried out in 

the same experiment. The critical value o f alpha was reduced by dividing 0.05 by the 

number o f test resulting in a new value o f alpha (Dytham, 2003). All analyses were 

conducted in SPSS 12 (SPSS Inc. Chicago, Illinois, USA).
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3.3.5 Dietary niche breadth

This was applied to the study as explained in section 2.3.7
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3.4 RESULTS

3.4.1 Composition of the diet and seasonal variation

The most prominent finding was the high and consistent percentage frequency o f 

occurrence, high and consistent percentage pre-ingested bulk, and low percentage 

coefficient o f variance, both overall and across seasons, for plant material (Table 3.1, 

Part 1; Figure 3.1). The frequency o f occurrence o f plant material in the diet varied 

between a low o f 81% for badgers in summer to a high o f 100% in winter. Consumption 

o f  plant material was greater in both percentage frequency o f  occurrence and percentage 

pre-ingested bulk than animal material in all seasons except summer.

The largest portion o f this plant material fell into the category “plant litter” , which 

consisted mainly o f grass and plant roots (Table 3.1, Part 2; Figure 3.2). The remainder 

o f the plant material was cereal and berries, but their presence was highly variable 

among animals and across seasons. Cereals contributed a greater bulk than berries 

(Table 3.1, Part 2), which always had low bulk with high variance. There were no 

significant differences throughout the year in the relative consumption o f cereals in 

terms o f frequency o f occurrence (G test P = 0.041, N = 686, Table 3.2, Part 2) or for 

berries in terms o f frequency o f occurrence (G test P = 0.366, N = 686, Table 3.2, Part 

2). In addition, there were no significant differences between in the relative consumption 

o f cereals in terms o f  percentage pre-ingested bulk between seasons (Kruskal-W allis 

7.885, d f = 3, P = 0.048, Table 3.2, Part 2). Also there were no significant differences in 

the relative consumption o f  berries in terms o f percentage pre-ingested bulk between 

seasons (Kruskal-W allis 3.232, d f = 3, P = 0.357, Table 3.2, Part 2).

The most frequently encountered category among the animal material, and the second 

most frequently encountered food category overall, was Lumbricidae (% F0 75).
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Badgers consumed them in all seasons (Table 3.1, Part 2) and they had a consistently 

high percentage frequency o f occurrence by season (minimum 57% in summer and a 

maximum o f 87% in autumn). However, their occurrence was quite variable, being the 

most consistent part o f  the diet in autumn (%CV 155) and least consistent in spring 

(%CV 331). Lumbricidae however contributed little to the pre-ingested bulk (minimum 

3% in winter and a maximum o f 4% in autumn) (Table 3.1, Part 2).
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Table 3.1 Percentage frequency of occurrence (% FO) and percentage pre-ingested bulk 

(% IB) across food categories found in the diet of the badger for the whole year, and 

during winter (N = 212), spring (N = 230), summer (N = 77) and autumn (N = 167). 

They are grouped into different subsets of food categories for easier comparison. 

Coefficients of variation (% CV) calculated according to Roper and Lups (1995). In part 

2 of the table Lumbricidae, Insecta, Gastropoda, Mammalia, Aves and Anura are 

percentage o f the total of All Animal Material consumed. Berries, cereals and plant litter 

are a percentage o f the total of All Plant material consumed. In part 3 of the table,

insects are percentages of the total of Cl. Insecta as represented in part 2.

Whole year Winter N = 212 Spring N = 230 Summer N = 77 Autumn N = 167
N = 686 (Dec - Feb) (M ar- May) (June -A ug) (Sept - Nov)

Category % %1B % %IB % % IB % %  IB % %  IB
FO (%CV) FO (%CV) FO (%CV) FO (%CV) FO (%CV)

Part 1
All Plant 97 68 100 87 99 56 81 46 100 69
Material (50) (23) (67) (92) (37)
All Animal 89 32 79 13 94 44 90 54 93 31
Material (106) (157) (86) (78) (83)
Part 2
Fam. 75 3 67 3 80 4 57 3 87 4
Lumbricidae (270) (277) (331) (287) (155)
Cl. Insecta 73 20 61 6 76 32 74 21 83 22

(140) (185) (112) (153) (103)
Cl. 2 1 1 1 3 1 8 2 1 1
Gastropoda (1400) (1157) (829) (631) (1080)
Cl. Mammalia 2 1 0 0 3 2 5 5 1 1

(798) (617) (432) (1289)
Cl. Aves 1 1 1 1 0 0 4 2 0 0

(1298) (1035) (598)
Ord. Anura 10 6 6 3 10 6 27 22 8 4

(319) (431) (324) (170) (345)
Berries 6 1 4 1 5 1 6 1 8 1

(667) (632) (805) (599) (467)
Cereal 5 4 2 2 4 3 8 6 7 6

(473) (722) (522) (358) (368)
Plant litter 93 63 98 85 94 52 73 38 94 62
(grasses etc.) (58) (28) (74) (107) (49)
Part 3
Fam. Carabid 54 16 39 16 63 17 64 26 8 11
Adults (243) (203) (191) (390) (223)
Fam. Carabid 19 7 17 10 12 5 13 9 4 8
Larvae (400) (397) (422) (231) (303)
Fam. Tipulid 21 41 jy 4 55 73 13 20 0 0
Larvae (270) (695) (143) (687)
Fam. Noctuid 32 30 36 65 8 5 4 7 20 76
Larvae (230) (240) (479) (820) (118)
Unidentified 2 1 2 1 1 1 4 7 1 2
Larvae (1577) (706) (1875) (347) (1147)
Subord. 5 1 4 1 1 12 31 1
Aculeata (885) (1115) (878) (347) (1116)

Insecta were a frequently consumed food category throughout the year (% F0 range 70

to 83) and in each season, with a low occurrence in summer. Even in summer though,
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the frequency o f  occurrence was higher than Lumbricidae. Insecta were also a consistent 

part o f the diet (%CV range from 103 -  185). Over the whole year the contribution o f 

Insecta to the relative bulk o f the diet was high (%IB 20; Figure 3.3) being lowest in 

winter (%IB 6).

Anura were an important contribution to the ingested bulk throughout the year ranking 

second in terms o f bulk (Figure 3.3). Intake o f Anura was highest in summer (% F0 27). 

They were an inconsistent component o f the diet, except in summer (%CV 170) when 

they made up a considerable proportion o f the relative bulk o f the diet (%IB 22; Table 

3.1, Part 2). The relative pre-ingested bulk o f Anura was significantly greater during the 

summer compared with other seasons (winter versus summer Mann-W hitney U 5309.5, 

P = 0.001; spring versus summer M ann-W hitney U 5520.5, P = 0.001; autumn versus 

summer M ann-W hitney U 4273.5, P = 0.001; Table 3.2, Part 2).

Gastropoda. M ammalia and Aves were found inconsistently in the diet throughout the 

year and with low frequency o f occurrence and pre-ingested bulk values (Table 3.1, Part 

2). Significantly higher relative pre-ingested bulk o f Gastropoda was consumed in 

summer compared to winter (Mann-W hitney U 7605, P = 0.002). There were no 

significant differences in the uptake o f  M ammalia and Aves between seasons (Table 3.2, 

Part 2).
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unidentified larvae (UL) in the diet o f 

badgers over the entire study

The uptake o f  particular species o f Insecta larvae was highly seasonal, namely, noctuid

larvae in autumn and winter, and tipulid larvae in spring (Table 3.1, Part 3). At these

times they were associated with relative high values for frequency o f  occurrence, high

pre-ingested bulk, and low values for coefficient o f variance. When considering intake

throughout the year, Tipulid larvae ranked highest in terms o f pre-ingested bulk

followed by noctuid larvae (Figure 3.4). Tipulid larvae were the most dominate Insecta

larvae ingested during the spring, with relative occurrence o f 55%, pre-ingested bulk of

72% and a low coefficient o f  variance o f 143% (Table 3.1, Part 3). Both frequency o f
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occurrence and pre-ingested bulk were relative lower in winter and summer and tipulid 

larvae were completely absent from the diet in autumn. In terms o f  pre-ingested bulk, 

significantly more tipulid larvae were relatively consumed in spring compared to other 

seasons (winter versus spring M ann-W hitney U 11519, P = 0.001; summer versus spring 

Mann-W hitney U 5084, P = 0.001; autumn versus spring M ann-W hitney U 8684, P = 

0.001; Table 3.2 Part 3)
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Table 3.2 Significant differences in percentage frequency of occurrence (% F0) and 

percentage pre-ingested bulk (%IB) across the whole year were assessed and 

significances recorded. For inter-seasonal comparisons between food categories, 

percentage pre-ingested bulk (%IB) was assessed and significances recorded with

Bonferroni corrections.

Category W hole year W inter W inter W inter Spring Spring Sum m er
vs. vs. vs. vs. vs. vs.
Spring Summer Autumn Summer Autumn Autumn

% F 0 %IB %1B %1B %IB % IB %IB % IB
Part 1
All Plant M aterial GT KW MW MW MW NS MW MW
All Animal GT KW MW MW MW NS MW MW
Material
Part 2
Fam. Lumbricidae GT KW NS MW MW MW MW MW

Cl. All Insecta GT KW MW MW MW NS NS NS

Cl. Gastropoda GT KW NS MW NS NS NS NS

Cl. M ammalia NS NS - - - NS NS NS

Cl. Aves GT NS - NS - - - -

Ord. Anura GT KW NS MW NS MW NS M W
Berries NS NS NS NS NS NS NS NS

Cereals NS NS NS NS NS NS NS NS

Plant litter (grasses GT KW MW MW MW MW NS MW
etc.)
Part 3
Fam. Carabid GT KW MW MW MW NS MW MW
Adults
Fam. Carabid GT KW MW NS MW NS MW MW
Larvae
Fam. Tipulid GT KW MW MW - MW - -

Larvae
Fam. Noctuid GT KW MW MW MW NS MW MW
Larvae
Unidentified Larvae NS NS NS NS NS NS NS NS
Subord. Aculeata GT KW NS MW NS MW NS MW
GT - Significant results (P < 0.0125) from contingency coefficient G-test based on percentage frequency 
o f  occurrence with Bonferroni corrections.
KW  - Significant result (P < 0.0125) from Kruskal-W allis test for whole year w'ith Bonferroni corrections 
M W  - Significant results (P < 0.0045) from M ann-W hitney U test based on %1B with Bonferroni 
corrections 
NS - Not significant

Noctuid larvae were a dominant food item in autumn and winter, having a relative 

frequency of occurrence of 20% and 36% respectively at these times. However, the 

relative pre-ingested bulk for noctuid larvae was significantly greater during autumn 

(%IB 8) than at other times o f the year (winter versus autumn Mann-Whitney U test 

9440, P = 0.001; spring versus autumn Mann-Whitney U test 6758.5, P = 0.001; summer

versus autumn 2101.5, P = 0.001, Table 3.2, Part 3) and the larvae were ingested by a
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greater proportion o f badgers (%CV 118). With regards carabid larvae, although 

consumed throughout the year, they were consumed inconsistently (%CV range 231 to 

422; Table 3.1, Part 3). While carabid larvae were encountered relatively frequently 

(% F 0  range autumn 4 to winter 17), the relative percentage pre-ingested bulk was low 

(annual total 7%), with highest occurrence and bulk in the winter. Significantly higher 

relative pre-ingested bulk o f carabid larvae was consumed during autumn compared to 

the spring (autumn versus spring M ann-Whitney U 15603, P = 0.002, Table 3.2, Part 3). 

In addition relatively more carabid larvae were significantly consumed in summer 

compared to autumn (summer versus autumn M ann-W hitney U 5299, P = 0.004, Table 

3.2, Part 3) and also in winter compared to autumn (winter versus autumn Mann- 

Whitney U 14882, P = 0.001, Table 3.2, Part 3).

Carabid adults were a category o f  food ingested consistently across all seasons but 

relatively less consistently in summer (%CV 390). The highest frequencies were in 

spring and summer (% F0 63 and 64, respectively) and the lowest in autumn (%FO 8). 

The relative contribution to pre-ingested bulk was lowest in autumn (11%) and highest 

in summer (26%).

Aculeata became a dominant insect in the diet especially during summer with a 

relatively high frequency o f  occurrence o f  12% (annual total %>F0 3) and a pre-ingested 

bulk o f 31% (annual total %IB 5). They were also more consistently encountered (%>CV 

347 compared with the annual %CV o f 885). The relative contribution o f Aculeata 

species in terms o f pre-ingested bulk was significantly greater in the summer than other 

seasons (winter versus summer M ann-W hitney U 7318, P = 0.001; spring versus 

summer Mann-Whitney U 7927, P = 0.000; autumn versus summer M ann-W hitney U 

5825, P = 0.002, Table 3.2, Part 3).
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3.4.2 Correlation of food categories

A number o f food categories were correlated significantly w'ith each other. In spring, 

the pre-ingested bulk o f carabid, both adults and larvae, correlated positively with tipulid 

larvae across individual badgers (carabid adults rj = 0.26, N = 230, P < 0.001, Figure 

3.5; carabid larvae rs = 0.14, N = 230, P < 0.03; Figure 3.6).
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Figure 3.10 A positive correlation was 

found between the pre-ingested bulk o f 

noctuid larvae and pre-ingested bulk o f 

carabid larvae in the diet o f badgers 

during autumn.

during autumn.

A negative correlation was found between Lumbricidae and tipulid larvae (rj = - 0.12, N 

= 230, P <  0.05, F igures.?).

Similarly, in autumn there was a significant positive correlation between pre-ingested 

bulk o f noctuid larvae and pre-ingested bulk o f Lumbricidae (autumn: Lumbricidae rj = 

0.26, N =  167, P <  0.001, Figure 3.8).

Significant positive correlation was detected between noctuid larvae and carabid adults 

(carabid adults rs = 0.24, N = 167, P < 0.001, Figure 3.9) during autumn. Similarly, a 

significant positive correlation was found between noctuid larvae and carabid larv'ae 

(carabid larvae rs = 0.23, N = 167, P < 0.005, Figure 3.10).
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diet o f badgers during winter

In winter there were significant positive correlations detected between the pre-ingested 

bulk o f noctuid larvae and pre-ingested bulk o f Lumbricidae (Lumbricidae rs = 0.38, N = 

212, P <  0.001, Figure 3.11)

Also in winter a significant positive con'elation was detected between noctuid larvae and 

carabid adults (carabid adults rs = 0.19, N = 212, P < 0.005, Figure 3.12) and noctuid 

larvae and carabid larvae, (carabid larv'ae rs = 0.16, N = 212, P < 0.05, Figure 3.13).



3.4.3 Calculation of dietary niche breadth

Dietary niche breadth (BS) was calculated using 13 food categories: Lumbricidae, 

Gastropoda, Mammalia, Aves, Anura, berries, cereals, carabid adults, carabid larvae, 

tipulid larvae, noctuid larvae, unidentified larvae, Aculeata. It was 0.23 in spring, 0.26 in 

autumn, 0.40 in summer, and 0.44 in winter.
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3.5 DISCUSSION

The diet o f badgers in Ireland was very diverse and varied across the seasons. The 

frequency o f occurrence and pre-ingested bulk o f plant material was consistently very 

high. However during summer, intake o f plant materials was lowest compared to other 

seasons and highly variable among individual badgers. Cereals and berries was 

consumed infrequently and provided little bulk. Animal material also had a high 

frequency o f  occurrence but with low pre-ingested bulk. In terms o f relative pre-ingested 

bulk, the animal material reached its highest percentage during the summer across the 

population. Among animal material in the diet, Lumbricidae had the highest frequency 

o f occurrence for the whole year followed by Insecta. Gastropoda, M ammalia and Aves 

were all consumed infrequently and possibly opportunistically, as all had low 

frequencies o f occurrence and pre-ingested bulk. The relative consumption o f Anura 

throughout the year with the significantly highest frequency o f  occurrence and pre- 

ingested bulk in summer.

Insecta were a dominant food category across the year in terms o f both frequency o f 

occurrence and pre-ingested bulk. Larvae o f  different insect families dominated at 

different times o f the year. Tipulid larvae were dominant during the spring into early 

summer, at which time the larvae pupate (Jones and Jones, 1984). During the summer 

months, badgers increased their relative consumption o f  Aculeata, including parts o f the 

nest, and honey combs on occasion. Noctuid larvae were a dominant dietary item 

starting in autumn, when the larvae hatch. These larvae were still dominant in the diet 

during the winter months, before the larvae underwent diapause. This species undergoes 

a diapause phase during mid winter before pupation in spring (Madge, 1962). Both 

carabid adult and larvae were consumed through the whole year. Significant postive 

correlations were found between the uptake o f tipulid larvae and both carabid adults and
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larv'ae during the spring while a negative correlation was found between tipulid larvae 

and lumbricidae. In autumn and winter a postive correlation was found between noctuid 

larvae and lumbricidae. Likewise a postive correlation was found between noctuid 

larvae and both carabid adults and larvae in autumn and winter. These correlations could 

suggest that Lumbricidae and carabid adults and larvae were ingested accidently, while 

badgers were forageing for tipuild and noctuid larvae. However, although these 

correlations may be statistically significant, they are very weak and therefore unlikely to 

be o f much biological significance.

This study has shown that the composition o f  the diet o f Irish badgers differs from that 

reported for badgers elsewhere in north-western Europe. Firstly, there were differences 

in the components o f the diet, notably with respect to Lumbricidae and insect larv'ae. An 

unexpected finding was that Lumbricidae were not a major component o f  the diet and 

were often eaten in small amounts by the badgers. It was expected that they would 

feature in greater bulk as proposed by Goszczyhski et a/.(2000), who suggested that in 

north-western Europe earthworms would account for 40-70% o f the diet at 55-63®N. In 

contrast, in the current study earthworms totalled 3.5% o f the diet. A study conducted in 

county Kilkenny found that Lumbricidae were abundant on pasture but only a weak 

correlation between Lumbricidae populations and badger density were found 

(Muldowney et al., 2003). It would be o f interest to test further the population o f 

Lumbricidae on pasture throughout the whole o f Ireland and test for correlation with 

badger density.

The second way in which the composition o f the diet o f Irish badgers differs from that in 

Britain, was that there were marked seasonal changes in consumption o f  certain food 

categories, particularly noctuid and tipulid larvae. Tipulid larvae and noctuid larvae have 

not previously been reported as significant components o f the diet o f  badgers. Both are
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agricultural pests and can occur in great abundance in pasture in both the UK and Ireland 

(Jones and Jones, 1984). Why these larvae are consumed in such high quantities in 

Ireland compared to Lumbricidae is unclear. It could be speculated that these larvae are 

easier to capture than Lumbricidae, possible due to longer grass on pasture in Ireland 

compared to the UK resulting in badgers having to overturn soil while foraging and 

Lumbricidae escaping. Badgers seem to have selected the most accessible and most 

predictable food items, as suggested by Roper (1994), and in accordance when optimal 

foraging theory (MacArthur and Pianka, 1966), although there was no attempt to 

quantify these latter factors in this study.

The importance o f these seasonal larvae in the diet is supported by the dietary niche 

breadth index. The index was narrower during the spring and autumn when these larvae 

dominated the diet, and wider during the summer and winter when these items were not 

available or the numbers were low. These findings suggest that in Ireland badgers 

showed a preference for seasonally available insect larvae, a similar foraging behaviour 

to badgers in Mediterranean regions (Kruuk & de Kock. 1981; Rodriguez & Delibes, 

1992; Martin et al., 1995; Fedriani et al., 1998; Rosalino et al., 2005).

The seasonal changes in consumption patterns would suggest that for a significant part 

o f the year, mainly in spring and autumn, badgers may primarily forage by rooting 

through the top layer o f soil for seasonally available subterranean larvae. It is suggested 

that the consumption patterns o f badgers were consistent with carabid, both adult and 

larvae, and Lumbricidae being taken while badgers were searching for preferred 

seasonal species, namely, tipulid and noctuid larvae. In summer there was a change in 

diet and a change in foraging behaviour. During summer, neither o f the subterranean 

larvae were present in great abundances and the profitability o f foraging in the top soil 

was therefore reduced. In summer badgers appear to forage on the surface o f the soil
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perhaps because during the season, the soil dries out and becomes hard and less easy to 

dig up. During this time there was a significant increase in the consumption o f Anura 

and Aculeata: these occurred in the diet with high frequency and made up a large part o f 

the dietary bulk. The diet o f  badgers in summer resembled that o f a generalist, with a 

wide dietary niche breadth.

In their feeding behaviour, badgers in Ireland are best described as generalist foragers. 

To establish if  badgers show preference for seasonal larvae, feeding preference 

experiments would need to be undertaken (for example see Kruuk and Parish, 1981). 

This would show if  seasonal larvae exceeded what would be expected on grounds o f 

availability as badgers change their foraging tactics and efforts to consume the larvae. 

Badgers did however consume tipulid larvae during the whole spring season o f 2005 and 

2006. Similarly, during the autumn o f 2005 and September 2006 noctuid larvae were 

consumed. The finding o f the same pattern o f seasonal dietary change in a second year 

suggests that these larvae are a significant part o f the badgers’ diet in Ireland. It also 

appeared that it was not essential for badgers to change their foraging habitats with 

seasons to search specifically for the insect larvae. As already mentioned, both tipulid 

and noctuid larvae inhabit pasture and display similar feeding behaviour (Jones and 

Jones 1984). Likewise Mammalia, Aves, Anura and Aculeata all occurred on pasture 

(personal observation). Thus the badgers in this study could have foraged year round on 

pasture, predating on profitable and readily available prey as is typical o f a generalist 

forager. M ellgren and Roper (1986) showed that badgers are able to memorise good 

feeding areas and are likely to remember the locality o f resource patches.

Plant litter was recorded in the stomachs o f most badgers and in large bulk throughout 

all seasons. Little is known about the dietary importance o f  plant litter, or to what extent 

it is digested by the badger. It is widely assumed that badgers may not obtain significant
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nutritional benefits from plant litter (Kruuk and Parish, 1981; Stark et al., 1987; Neal 

and Cheeseman, 1996; Roper and Lups, 1995; Madsen et al., 2002). It was assumed that 

badgers ingest grasses, roots and leaves inadvertently while foraging in the soil for prey 

(Neal, 1986). Accidental ingestion may have occurred during foraging for buried foods, 

but the quantities found in the current study would suggest that ingestion is deliberate, 

notwithstanding that there was a decrease in plant litter in the diet during the summer 

when the badgers appeared to have been foraging more on the surface o f  the soil. 

However it is important to note that this behaviour was not directly observed and is 

speculation. The impact o f plant litter in the diet o f badgers will be considered in a later 

chapter (Chapter 7).

In conclusion, badgers in Ireland did not primarily forage on Lumbricidae, as has been 

found in British populations (Kruuk and Parish 1981; Shepherdson et al., 1990; Neal and 

Cheeseman 1996; Palphramand et al., 2007). Also unlike badgers in Britain and more 

like those o f  Mediterranean regions, foraging behaviours changed with season with the 

badgers seeming to spend some parts o f  the year digging for seasonal insect larv'ae, 

while at other times foraging on a broader range o f food categories on the surface o f  the 

soil (per observation), that is, Aves, Mammalia, Aculeata, and Anura. It is important to 

note that badgers were not directly observed digging or foraging and this is speculation. 

Carabid adults and larvae and Lumbricidae species w'ere taken continuously throughout 

the year. The reasons for a divergence from their geographically closest population in 

Britain reflect responses to the local environment.
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Chapter 4. Badger diet (Meles meles) when considering nightly weather 

conditions and body condition measurements.

4.1 INTRODUCTION

Badgers are very adaptable to various climates and different food types, which allows 

them to have a wide geographical distribution that ranges from Spain to Norway and the 

Atlantic coast to Japan (Neal, 1986). The climate o f  a country will often affect what food 

sources are available to be exploited by wildlife. Woodroffe and Macdonald (1995b) 

suggested that badger numbers are determined by the abundance and distribution o f 

food’s availability, which in turn can be related to local weather conditions. This effect 

is particularly apparent when food availability is directly influenced by weather. 

Cresswell and Harris (1988) proposed that in areas where earthworms form a substantial 

proportion o f the diet, a correlation would be expected between badger activity and 

weather conditions that influence earthworm availability. Kruuk and Parish (1982) 

suggested that where earthworms predominate in the diet, their availability directly 

affects badger group size and territorial range, and concluded that badger group size 

increases or decreases with overall earthworm biomass. A further study by Kruuk and 

Parish (1985) defined “earthworm nights” as nights when grass temperature did not 

decline below 0°C and when at least 2 mm o f rain had fallen in the previous 72 hours. 

During hot summers when the ground is too hard for earthworms to emerge, the badgers 

switched to other food items such as cereals, fruits and invertebrate species (Kruuk & 

Parish, 1982).

In M editerranean environments, due to diverse local weather conditions, the available

food supply for badgers varies greatly between different environments. Badgers respond

to these differences in climate and habitats by consuming different prey items,

depending on local food availability. In dry Mediterranean coastal habitats in central
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Italy, badgers alternate their foraging by tracking the seasonal fluctuations in fruits and 

insects (Pigozzi, 1991). Earthworms dominate badger diets in the supra-Mediterranean 

environments, while in mixed and meso-Mediterranean habitats, badgers have a broader 

diet (Virgos et al., 2004). In Scandinavian countries Lindstrom (1989) suggested that 

there has been an increase in the number o f nights that were viable for badgers to forage 

due to climate change resulting in milder winters. The warmer temperatures have led to 

a greater abundance and availability o f wild berries, which Lindstrom (1989) deemed to 

be important for autumn fat accumulation.

Critical periods during which badger foraging behaviour is particularly sensitive to 

weather variables include extended summer drought and winter frost, which result in 

badgers changing their foraging strategies. A study o f food resources o f badgers in the 

mid-mountainous range o f the Swiss Jura Mountains found that maize was the most 

common food item consumed (Fischer et al., 2005). However, it was found that the 

relative consumption o f maize decreased in winter. This corresponded with a period of 

heavy snow cover that resulted in maize not being readily accessible. During this time 

badgers foraged on alternative prey, mainly rodents, which were still active at this time 

o f year. As soon as the snow melted during spring and the ground was exposed, maize 

consumption rose (Fischer et al., 2005). Since weather conditions affect what is 

available for an animal to forage on, there can be an indirect effect o f weather conditions 

on body condition. For example, in microtine mammals, such as California voles 

{Microtus californicus), the populations crashed when food supplies deteriorated and 

recovery w'as delayed until sufficient nutrients were available (Lack, 1954). In these 

populations, food supplies, which were weather dependent, such as grasses (which 

decline during hot summer months), affect body condition which in turn influences 

breeding and adult growth (Batzli and Pitelka, 1971). Kruuk and Parish (1983, 1985) 

demonstrated that food availability in an area can influence the body weight o f badgers
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by showing that badger body weights in spring and early summer were positively 

correlated with high earthworm consumption at those times o f year.

W hen body condition deteriorates, an anim al’s reproduction and offspring survival can 

be affected. In badgers in Britian, rainfall, particularly in spring and summer, has the 

ability to affect cub survival (W oodroffe and Macdonald, 2000). It was found that the 

num ber o f cubs produced, their growth rates and their subsequent survival were all 

positively correlated with conditions o f high earthworm availability, either in rich 

territories or following wet summers (Woodroffe and Macdonald, 2000).

The intention o f this chapter is analyse what effect, if  any, firstly, weather conditions 

and secondly, physiological conditions have on the diet o f Irish badgers. Weather 

conditions are described in terms o f nightly total rainfall, average air temperature, and 

maximum soil temperature. Since the effects o f weather on badger activity is yet to be 

examined in Ireland it would be o f interest to make use the data gathered in this study to 

speculate on any possible relationship on diet and put any possible results in context 

with other similar studies across Europe (Kruuk and Parish, 1983 1985; Cresswell and 

Harris, 1988; Lindstrom, 1989; Goszczynski et a i ,  2000; Fisher et al., 2005).

The question o f whether the badger’s diet varies with respect to the animals’

physiological state is equally o f interest. For example, the TB status o f badgers in

relation to diet is o f  particular concern as reports have been made o f  badgers using farm

buildings for shelter or to forage on stored cattle feed (Cheeseman and Mallinson, 1981;

Garnett et al., 2002; Roper et al., 2003). Cheeseman and M allinson (1981) have

suggested that infected badgers may use farm building more frequently than uninfected

animals, thus it would be o f  interest to assess for differences in diet between TB positive

badgers and TB negative badgers. It is also worth investigating whether a badger’s age

or gender will effect it’s diet. Pervious dietary studies that collected stomach samples
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tested for variations between sex and age o f the animals and their diet and found no 

differences (Roper and Liips, 1995; Madsen et al., 2002).

As part o f another PhD study (L. Stuart, unpublished data) certain variables were 

recorded for a number o f  badgers where stomach contents had been analysed as part o f 

Chapter 3: body weight, subcutaneous fat depth and the kidney fat index. Since this 

information was available it was thought worthwhile to test if  there were variations 

between these variables and what was present in stomach contents. Since weather 

conditions might affect the availability o f  food, they might also indirectly affect body 

condition. However, it should be noted that body condition is more likely to be affected 

by longer-term seasonal weather changes, so a thorough analysis o f this would require 

data spanning a number o f years. Bearing this limitation in mind, the results o f the 

analysis conducted in the study will allow any possible variations between weather and 

the update o f  food and between body condition and the uptake o f  food to be speculated 

on.
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4.2 MATERIALS AND METHODS

4.2.1 Analysis of Diet

A dietary analysis was carried out as specified in section 2.2.

4.2.2 Nightly Weather Conditions

A number o f  nightly weather data were obtained from the Irish meteorological service, 

Met Eireann from areas where badgers were actively foraging. A badger was determined 

as having actively foraged when, at the post mortem examination o f the animal, stomach 

contents were present. This indicated that the badger had foraged during the night prior 

to capture. However this is an assumption as there is no evidence that the badger had 

foraged on the night in question. Bearing this assumption in mind, the following weather 

data were obtained from the area and for the night that the badger was captured: average 

air temperatures in degrees Celsius, maximum soil temperature at 50 millimetres in 

degrees Celsius and total level o f rainfall (millimetres). These measurements were 

chosen as they were thought to be the most relevant weather conditions that would affect 

availability o f food.

It was not possible to correlate the three weather conditions with all the stomach 

contents analysed (N = 686) as weather condition data was not available for each night 

relating to a badger capture. Therefore, the number o f badgers where weather condition 

data was available varied depending on what was provided by Met Eireann. The sample 

o f badgers (N) where weather conditions were recorded is represented in Table 4.1. 

Stomach contents for the relevant badgers were correlated with the three weather 

conditions: average air temperature, maximum soil temperature and total level o f 

rainfall.
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Table 4.1 Samples o f badgers (N) that had stomach contents related to the three weather 

conditions; average nightly air temperature, maximum nightly soil temperature and 

nightly total level o f rainfall, which were recorded and received from Met Eireann.

Badgers (N)

Average Air Temperature 495

Maximum Soil Temperature Recorded at 50mm 157

Total level o f Rainfall 460

4.2.3 Physiological condition o f badgers from which stomach samples were taken

Due to the risk o f  TB from badgers, a fiilly qualified pathologist took all body 

measurements and removed organs at post mortem examination. I was present at all 

times and recorded all measurements on data sheets and collected removed organs.

Body measurements recorded at post mortem examination on a sub-sample o f badgers 

that had stomach contents present

Determination o f Sex

By examination o f the genital regions o f the badger the sex o f the animal was 

established and recorded (N = 686).

Determination o f TB Status

TB status o f badgers was determined by gross and histopathology by the pathologist (N 

= 686). Any organ that was suspected as positive for TB was sampled to determine 

diagnosis. The data was presented in a binary manner as either TB positive or TB 

negative.
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Assessment of body condition

Weight (kg): The weight of the badger was recorded using a top-pan balance scale to the 

nearest lOg (N = 677).

Subcutaneous fa t depth (mm): Placing the badger on its ventral side, a knife was used to 

make a vertical incision through the fat layer o f the mid lumbar region, which is found 

on the back of the badger (N = 232). This area was chosen because it was demonstrated 

as the last subcutaneous fat to be depleted and the first to be deposited in foxes (Prestrud 

and Nilssen, 1992). A plastic ruler was used to measure fat depth (Plate 4.1).

Plate 4.1 Measuring the subcutaneous fat dept in the mid lumbar region.

Kidney (g): The right kidney with associated perirenal fat was removed. All of the 

associated perirenal fat was cut off from the kidney (Plate 4.2). The kidney was 

weighed and then the perirenal fat was weighed (N = 231). Weight was recorded on a 

digital scale and the level of accuracy used was to +/- 0.0 Ig.
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Plate 4.2 Right kidney with associated perirenal fat.

Lower mandible: With the use o f  a small saw the complete lower mandible was

removed and was used in ageing the badgers as described in section 5.2.3 (N = 183).

Fat reserves are the primary source o f  energy in case o f nutritional deficiency (Poulle et 

a/., 1995) and, therefore, can be used to assess body condition. To determine body 

condition three measurements were used: body weight, subcutaneous fat depth and 

percentage kidney fat index (KFI).

To quantify kidney weight and perirenal fat weight as an assessment o f body condition, 

the ‘Riney Kidney Fat Index’ was applied. Riney (1955) proposed that with the use o f an 

index, the relationship between the weight o f the kidney and the weight o f its associated 

perirenal fat could be used as a measure o f an anim al’s physical condition. The Kidney 

Fat Index was worked out by dividing the perirenal fat weight by kidney weight 

(excluding perirenal fat) and then multiplying by 100 to give a percentage.

Age determination of badger

Tooth wear was used to estimate the age o f  badgers (Cresswell et al., 1992; Roper and

Liips, 1995; Neal and Cheeseman, 1996). The badgers were divided into 4 age classes
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based on tooth wear; cub (< lyr), juvenile (> ly r but < 2yrs), adult (>2yrs but <4yrs), 

aged (>4yrs). The date o f death was known in this sample o f badgers, which further 

helped age determination between cubs and juveniles. For example, a badger culled in 

August would either be a badger o f 6 months or 18 months. By examining the teeth o f 

the lower mandible it was possible to determine which age group a badger was more 

likely to belong to (Table 4.2).
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Table 4.2 Descriptions o f tooth wear parameters, which divided badgers into the

relevant age classes: cub (<lyr). Juvenile (> ly r but <2yrs), adult (>2yrs but <4yrs) aged 

(>4yrs)

Age Class Incisors Canines Premolars Molars General
Appearance

Cub
Plate 4.3

Very Sharp 
Edges

Very pointed 
with no sign o f  
wear

Not fully Erupted All cusps present 
and sharp

Teeth very white

Juvenile 
Plate 4.4

Sharp Edges Slightly blunt, 
showing small 
am ount o f  wear

All Fully erupted, 
slightly worn and 
rounded

All had cusps in 
tact, slightly 
rounded

Teeth starting to 
yellow

Adult 
Plate 4.5

W orn and 
slightly flat

Blunt and 
smooth with sign 
o f  wear on inside 
o f  tooth

All flat Cusps on molars 
show ing wear

Teeth yellow  with 
dentine visible on 
incisors

Aged 
Plate 4.6

Very worn 
down

Blunt smooth 
with signs o f  
wear al over 
tooth

Flat and extremely 
worn

Cusps absent from 
m olars and 
extrem ely worn

Teeth very yellow 
and dentine very 
visible all over

Plate 4.3 Lower mandible o f a cub badger Plate 4.4 Lower mandible o f a juvenile badger

Plate 4.5 Lower mandible o f an adult badger Plate 4.6 Lower mandible o f an aged badger
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4.2.4 Statistical analysis

As the data were non-normal and non-transformable, Spearman’s rho correlations were 

used to assess relationships between the weather conditions on nights when badgers 

were culled and what was found in stomach contents (Table 4.1). To avoid multiple 

comparisons between food categories and weather conditions, each food category was 

correlated separately with weather conditions. Results were considered significant at P < 

0.05.

A Kruskal-Wallis test was used to identify differences in diet between male and female 

badgers. A Kruskal-W allis test was used to test for differences between the diet o f TB 

positive badgers and TB negative badgers. A Kruskal-Wallis test was used to assess 

differences in diet between different age groups (cub, juvenile, adult and aged). Results 

were considered significant at P < 0.05.

Each badgers body condition measurement: body weight, subcutaneous fat depth and 

percentage kidney fat index, were divided into low condition or high condition. This was 

achieved by getting the median o f each measurement. For body weight, the median was 

found to be 9.8kg. Thus, every badger that had a weight o f  below 9.8kg was considered 

as having low body weight while badgers with body weight above 9.8kg were 

considered as having high body weight (Table 4.3). For subcutaneous fat depth, the 

median was recorded at a depth o f 5mm. Thus, a badger with subcutaneous fat depth o f 

below 5mm was considered as having low subcutaneous fat depth while a badger with 

above 5mm was considered as having a high subcutaneous fat depth (Table 4.3). Finally, 

the percentage kidney fat index median was 39.45. Thus, a badger with a percentage 

kidney fat index below this value was considered poor while above the median was 

considered good (Table 4.3).
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A Mann Whitney U test was appHed to test for any differences between each body 

measurement (ranked as low (0) and high (1)) and what badgers consumed. Results were 

considered significant at P < 0.05.

Table 4.3 Samples of badgers (N) that had stomach contents related to the three body 

measurements (body weight, subcutaneous fat depth and kidney fat index) expressed in 

terms of high and low condition.

Body Weight (kg) Subcutaneous fat depth 

(mm)

Percentage 

Kidney Fat 

Index

Badgers in high 340 127 116

condition

Badgers in low 337 105 115

conditions

All analyses were conducted on SPSS 12 (SPSS Inc. Chicago, Illinois, USA).
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4.3 RESULTS

4.3.1 Effects o f nightly weather conditions on diet choice.

Relative uptake o f plant material by badgers was not correlated with average air 

temperature, maximum soil temperature or total rainfall (Spearman rank correlations P > 

0.05). However, relative uptake o f certain animal material was affected by particular 

weather conditions. Increase in pre-ingested bulk o f Insecta in the diet o f badgers 

(N=157, Table 4.1) was significantly correlated with increase in maximum soil 

temperature (rs=0.342, N=157, P < 0.001, Figure 4.1). Also there was a significant 

correlation between increase in pre-ingested bulk o f Insecta in the diet o f badgers 

(N=495, Table 4.1) and increase in average air temperature (rj = 0.268, N=495, P < 

0.001, Figure 4.2).
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0  10 -

4 5 f  7 8 9 10 i l  i:; H  N  15 16 17 IS  1« .10 ^11 0  1

Figure 4.1 Positive relationship between Figure 4.2 Positive relationship between

the pre-ingest bulk o f Insecta and the pre-ingested bulk o f  Insecta and average air

maximum soil temperature. temperature.
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Figure 4.3 Positive relationship between 

carabid larvae and average air temperature
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Figure 4.4 Positive relationship between 

pre-ingested bulk of carabid adults and 

average air temperature

Within the Class o f Insecta, uptake of both carabid larvae and adults increased in the diet 

of badgers (N=495, Table 4.1) as average air temperature increased (carabid larvae: rs = 

0.105, N=495, P=0.02, Figure 4.3; carabid adults: rs =0.157, N=495, P=0.001, Figure 

4.4). With regards carabid adults, a further correlation with a nightly weather condition 

was found. As maximum soil temperature increased there was an increase in pre

ingested bulk of carabid adults in the diet (N=157, Table 4.1) (rs =0.228, N=157, 

P=0.004, Figure 4.5).

Tipulid larvae showed coiTelation with both average air temperature and maximum soil 

temperature. As tipulid larvae increased in the diet (N=495, Table 4.1) there was an 

increase in average air temperature (rs = 0.138, N=495, P=0.002, Figure 4.6). As tipulid 

increased in the diet (N=157, Table 4.1) there was an increase in maximum soil 

temperature (rs =0.242, N=157, P=0.002, Figure 4.7). Noctuid larvae only showed a 

correlation with rain. As pre-ingested of noctuid larvae increased in the diet (N=460, 

Table 4.1) there was an increase in maximum rainfall (rs = 0.162, N=460, P<0.001, 

Figure 4.8).
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Figure 4.5 Positive relationship between 

pre-ingested bulk o f carabid adults and 

maximum soil temperature
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Figure 4.6 Positive relationship between 

pre-ingested bulk o f tipulid larvae and 

average air temperature
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Figure 4.7 Positive relationship between 

pre-ingested bulk o f tipulid larvae and 

maximum soil temperature
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Figure 4.8 Positive relationship between 

pre-ingested bulk o f noctuid larvae and 

maximum rainfall
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Figure 4.9 Positive relationship between Figure 4.10 Negative relationship 

pre-ingested bulk o f Lumbricidae and between pre-ingested bulk o f

average air temperature Lumbricidae and total rainfall

With regards Lumbricidae and weather conditions, there was a correlation found 

between the pre-ingested bulk o f Lumbricidae and particular weather conditions. As 

average air temperature increased there was an increase in the pre-ingested bulk o f 

Lumbricidae in the diet (N=495, Table 4.1) (rs = 0.108, N=495, P=0.01, Figure 4.9). 

With an increase in rainfall there was an increase in the pre-ingested bulk of 

Lumbricidae in the diet (N=460, Table 4.1) (rs = 0.118, N=460, P = 0.01, Figure 4.10).

Lfptake o f all other food categories by badgers showed no relationship with weather 

conditions (P > 0.05).

4.3.2 Effects o f gender, TB status and age on badger diet

A Kruskal-Wall test was carried to test if  there was a different between the pre-ingested

bulk o f food items and gender (N=686). There were no significant differences found:

Lumbricidae and gender (Kruskal-Wallis 0.627, d f  1, P = 0.428), Insecta and gender

(Kruskal-W allis 1.591, d f 1, P = 0.207), Gastopoda and gender (Kruskal-W allis 4.203,

d f 1, P = 0.051), Mammalia and gender (Kruskal-W allis 2.366, d f  1, P = 0.124), Aves

and gender (Kruskal-W allis 1.839, d f  = 1, P = 0.175), Anura and gender (Kruskal-Wallis

1.244, d f = 1, P = 0.265), berries and gender (Kruskal-W allis 0.097, d f = 1, P = 0.755),
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cereals and gender (Kruskal-W allis 1.730, d f = 1, P = 0.188) and plant litter and gender 

(Kruskal-W allis 1.450, d f  = 1, P = 0.510).

TB status in a badger was presented as positive (1) or negative (0). This allowed a 

Kruskal-W allis test to be carried out assessing for differences between TB status o f the 

animal and what was consumed using pre-ingested bulk (N=686). There were no 

significant differences found: Lumbricidae and TB status (Kruskal-Wallis 2.596, d f = 1, 

P = 0.107), Insecta and TB status (Kruskal-W allis 0.006, d f = 1, P = 0.937), Gastopoda 

and TB status (Kruskal-W allis 0.013, d f = 1, P = 0.911), Mammalia and TB status 

(Kruskal-W allis 0.821, d f = 1, P = 0.365), Aves and TB status (Kruskal-W allis 0.370, df 

= 1, P = 0.543), Anura and TB status (Kruskal-W allis 1.850, d f 1, P = 0.179), berries 

and TB status (Kruskal-W allis 0.040, d f = 1, P = 0.841), cereals and TB status (Kruskal- 

Wallis 0.006, d f = 1, P = 0.939) and plant litter and TB status (Kruskal-W allis 1.293, df 

= 1 ,P  = 0.255).

The same food categories were tested again for any differences between the 4 age 

classes o f badgers (N=183) (cub, juvenile, adult and age). No significant differences 

were found. Lumbricidae and age (Kruskal-W allis 1.872, d f  = 3, P = 0.599), Insecta and 

age (Kruskal-W allis 2.328, d f = 3, P = 0.507), Gastopoda and age (Kruskal-Wallis 

0.610, d f = 3, P = 0.894), M ammalia and age (Kruskal-W allis 2.432, d f 3, P = 0.488), 

Aves and age (Kruskal-W allis 2.907, d f = 3, P = 0.406), Anura and age (Kruskal-Wallis 

1.370, d f = 3, P = 0.713), berries and age (Kruskal-W allis 4.934, d f = 3, P = 0.177), 

cereals and age (Kruskal-W allis 6.639, d f = 3, P = 0.250) and plant litter and age 

(Kruskal-W allis 6.157, d f = 3, P = 0.104 ).

89



4.3.3 Effects of body condition measurements: body weight, subcutaneous fat 

depth and percentage kidney fat index on diet

There were strong positive correlations between weight and subcutaneous fat depth (rs = 

0.614, N = 224, P < 0.001, Figure 4.11), weight and kidney fat index (rs = 0.570, N = 

223, P < 0.001, Figure 4.12) and subcutaneous fat depth with kidney fat index (rs = 

0.757, N = 229, P < 0.001, Figure 4.13).

With regards to body weight (N=677), significantly more badgers o f  high body weight 

consumed relatively more Lumbricidae, noctuid larvae and carabid larvae then badgers 

o f  low body weight (body weight and Lumbricidae Mann-Whitney U = 44970, P < 

0.001; body weight and noctuid larvae Mann-Whitney U = 37761, P < 0.001; body 

weight and carabid larv'ae M ann-W hitney U =53259.5, P = < 0.01). In contrast, badgers 

o f a poor body weight consumed relatively more Anura, carabid adults, tipulid larvae 

and Aculeata than badger with high body weight (body weight and Anura Mann- 

Whitney U = 53179, P = 0.002; body weight and carabid adults Mann-Whitney U = 

46328, P < 0.001; body weight and tipulid larvae Mann-Whitney U = 43395, P < 0.001; 

body weight and Aculeata Mann-Whitney U = 55070, P = 0.002).
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Figure 4.11 Positive correlation between

badger body weight and subcutaneous fat 

depth over the whole year.
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Figure 4.13 Positive correlation between 

badger subcutaneous fat dept and percentage 

kidney fat index throughout the year.
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Figure 4.12 Positive Correlation between 

badger body fat and percentage kidney fat 

index over the whole year.

As found in badgers with high body weight, badgers that had high subcutaneous fat 

depth (N=232) consumed more carabid larvae and noctuid larvae (subcutaneous fat 

depth and carabid larvae Mann-Whitney U = 5673, P < 0.001; subcutaneous fat depth 

and noctuid larvae Mann-Whitney U = 5224, P < 0.001). Also, as found in badgers of 

low body weight, pre-ingested bulk of carabid adults and tipulid larvae were again 

significantly greater in badgers with low subcutaneous fat depth (subcutaneous fat depth 

and carabid adults Mann-Whitney U = 5535, P = 0.01; subcutaneous fat depth and 

tipulid larvae Mann-Whitney U = 4830, P < 0.001).

91



W hen considering the final body condition measurement, percentage kidney fat index, 

badgers o f high percentage kidney fat index (N=231) consumed more noctuid larvae 

(kidney fat index and noctuid larv'ae M ann-W hitney U = 5015, P < 0.001). This food 

item was also consumed by badgers with high body weight and subcutaneous fat depth. 

Badgers o f a low kidney fat index consumed significantly more Anura and tipulid larvae 

than badgers o f  a high kidney fat index (kidney fat index and Anura M ann-W hitney U = 

6019, P = 0.02; kidney fat index and tipulid larvae Mann-Whitney U = 5404, P < 0.001). 

This finding concurs with finding o f badgers with low body weight and poor 

subcutaneous fat depth.

Uptake o f all other food categories by badgers showed no relationship with body weight, 

subcutaneous fat depth and kidney fat index (P > 0.05).
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4.4 DISCUSSION

This study has found that there were weak correlations found between nightly weather 

conditions and what badgers consumed. The low rs values indicate weak relationships, 

thus it was not deemed necessary to carry out further analyses such as regression 

analysis (Greenhalgh, 1997; Rumsey, 2003). Thus, even though the correlations between 

uptake o f  certain foods and nightly weather conditions were satisitically significant, 

these correlations were weak and therefore unlikely to be o f much biological 

significance. Despite this limitation, the relationships between the foods ingested and the 

nightly weather conditions were examined and possible reasons for any relationships 

considered.

A striking feature from the results was that there was a very weak relationship between 

rainfall and Lumbricidae in the diet. A possible reason for the very weak relationship 

could be that badgers did not consume enough earthworms for rainfall to be a factor in 

predicating their availability in the diet. Another possible reason for the weak 

relationship could be the nature o f the badger’s foraging behaviour in Ireland. As 

speculated in chapter 3, badgers seem to dig for subterranean larvae and there is a 

positive seasonal correlation between intake o f  lar\'ae and Lumbricidae. It maybe 

suggested that badgers consumed Lumbricidae opportunistically while foraging for 

larvae, therefore explaining why their presence in the diet was only weakly affected by 

rainfall.

The intake o f  Insecta by badgers was positively correlated with an increase in both soil

and air temperature. Pre-ingested bulk o f noctuid larvae increased in the diet with

increase rainfall, while tipulid larvae were found to increase with soil and air

temperature. Both carabid adults and larvae increased in the diet with an increase in

average air temperature, while only carabid adults showed an increase in diet with an
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increase in maximum soil temperature. The increase in tipulid larvae with soil and air 

temperature could be due to the larvae responding to these warmer conditions and 

hatching into their first instar stage (Jones and Jones, 1984). The positive relationships 

found between pre-ingested bulk o f carabid adults and larvae and average air 

temperature may be because certain carabid larvae over-winter in the soil and start 

emerging as adults as temperature becomes warmer (Murdoch, 1967; Boumer and Cory, 

2004; Purvis and Fadl, 2002). The finding that noctuid larvae was not correlated with 

any air or soil temperature may be because at various instar stages, noctuid larvae will 

alternate between foraging above and below ground on plants, crops, and grasses, and so 

may also be available above ground (Spitzer et al., 1984; Jones and Jones, 1984).

The proposed relationship between body condition and food items consumed is 

complex, as the anim al’s body condition at post mortem examination would be a result 

o f food consumed in the past. Therefore, it is important to note that there is no direct link 

connecting the diet recorded on the night o f culling to long-term body condition. 

However it could be suggested that dominant food items such as Insecta are important in 

maintaining a healthy body condition. Badgers with high body condition in terms o f 

body weight, subcutaneous fat depth and kidney fat index all consume relatively higher 

bulk o f noctuid larvae than badgers in low body condition. In addition, badgers with 

high body weight and subcutaneous fat depth consumed relatively larger volumes o f 

carabid larvae. Interestingly, tipulid larvae appeared in significantly higher bulk in 

badgers with low body condition in terms o f body weight, subcutaneous fat depth, and 

kidney fat index. Carabid adults appeared in badgers with low body weight and 

subcutaneous fat depth while Anura appeared in badgers with poor body weight and 

kidney fat index. It could be speculated that badgers o f a good body condition were so 

because they consumed more nutritional food sources -  noctuid larvae and carabid 

larvae, while badgers o f lower body condition consumed lower quality food sources -
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tipulid larvae, carabid adults and Anura. However, to draw any firm conclusions for 

these findings, the nutritional value of each food item would need to be known.

As discussed in Chapter 3, tipulid larvae are found in high bulk in diet during spring, 

while noctuid larvae are consumed mainly in autumn. As badgers in Ireland and Britain 

have seasonal mating periods in spring and autumn, with cubs bom during mid-February 

and weaned in May and June (Whelan and Hayden, 1993; Cresswell et al., 1992), the 

low body condition found in relation to tipulid larvae could be attributable to the 

reproductive statue of the animal. The high body condition found in relation to noctuid 

larvae could be a result of the badgers gaining fat in preparation for winter breeding.

In conclusion the diet o f badgers seems to be an important factor in detennining the 

animals’ body condition, as it would appear that diet in the long term will affect body 

condition. Although a detailed examination of the nutritional contents of the food items 

was not tested in this project, this study does give an indication of how important diet 

can be in determining badgers body conditions. However, effects of long-term change in 

food availability on body condition needs to be examined.
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Chapter 5. Diet of the badger (Meles meles) in the Repubhc of Ireland: a 

comparison using matching stomach and faecal samples.

5.1 INTRODUCTION

In this thesis, the investigation and description o f  the diet o f  badgers have so far been 

based on analyses o f stomach contents. This method o f dietary study is relatively 

uncommon, as when determining the composition o f  the badger’s diet, most authors rely 

on an analysis o f  faecal samples collected from latrines (Sidorovich et al., 2006; 

Rosalino et al., 2005; Garcia and Kittlein, 2005; Lanszki 2004). For this reason it was 

thought important to compare the dietary components from the stomach contents to the 

dietary components from faecal samples. Witt (1980) suggested, in a study o f foxes, that 

results based on stomach contents were not comparable with those based on 

investigations o f faeces. Witts (1980) based this suggestion on finding by Behrendt 

(1955) who found that food items have different passage time through the 

gastrointestinal tract o f foxes. However neither Behrendt (1955) nor Witts (1980) 

directly compared stomach contents to faeces to assess for differences. Cavallini and 

Volpi (1995) assessed the diet o f foxes based on an analysis o f stomach contents and 

faeces. The result o f the study showed that small mammals were more abundant in 

faeces while invertebrates and vegetable matter were found more often in stomachs. This 

lead Cavallini and Volpi (1995) to predicted that food items which are less valuable or 

easier to catch would be overrepresented in stomach contents, while preferred food items 

would be more abundant in faeces. It is worth noting that Cavallini and V olpi’s (1995) 

prediction was biased by the sampling methods used, including samples taken from a 

prejudicial number o f young foxes compared to adults, and all samples being taken from 

the same area during the same period. However their prediction was supported by a 

literatu
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re review based on a dietary study of foxes from across the world (N = 30) where the 

preferred food item was small mammals (Macdonald, 1977), which were more abundant 

in faeces, whereas invertebrates and vegetable matter were more copious in stomachs.

As a general rule, the further through the digestive process food items pass, the greater 

the chance o f inaccurate assessment of the diet because of the differential digestion and 

passage time o f items through the gastrointestinal tact. Thus one of the main difficulties 

when assessing diets based on fragments found in faeces is the effect of differential 

digestion, which may skew both the relative and absolute amount of the food items 

present (Roper, 1994).

An alternative approach is to examine stomach contents. Roper and Liips (1995) found 

that information gathered from stomach contents represent a better quality source of 

dietary information. They justified this finding by suggesting that data from stomach 

contents is precise, and importantly gives information about the total amounts of 

different foods consumed. Indeed, results presented in this thesis support Roper and 

Liip’s (1995) findings. However, retrieving stomach contents often requires the 

destruction of the study animal, which may be undesirable. Unless the studied animals 

are being culled as part of population control, achieving a large sample size tliroughout 

all seasons can create problems. As badgers are a protected species under the Bern 

Convention 1979, few studies have been published on the diet of badgers based on the 

analysis of stomach contents (Andersen 1954; Skoog, 1970; Neal 1988, Roper and Liips, 

1995; Madsen et al., 2002) and none o f them compared samples from the stomach and 

the rectum within the same individual.

This chapter is focused on the reliability of the two different sources of dietary

information by comparing estimates based on an analysis of stomach contents and the

corresponding rectal faeces taken from animals that had both stomach contents and
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faeces present (N=281). As the majority of studies of mammahan diet are based on 

analysis o f faeces, there are good reasons for supposing that results from faeces are 

likely to be inaccurate. These reasons include differential digestion o f different foods, 

the need for complicated conversion factors, effects of weathering on faeces (Reynolds 

and Aebischer, 1991). These reasons are not applicable when diet is described using 

stomach contents. Therefore it is useful to make a direct comparison between the two 

methods to test the accuracy of faeces analysis as stomach and faecal analysis may give 

different results. In addition, this kind of comparison has not before been reported in the 

literature and results from the study may aid a better understanding of the badger’s diet.
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5.2 MATERIALS AND METHODS

5.2.1 Dietary analyses

Both stomach contents and faecal samples were analysed using the same method as 

described in section 2.2. The same method was used in order to ensure that stomach 

contents could be directly compared to faecal samples. As pre-ingested bulk of each 

food item was determined using a references collection it was possible to determine the 

size o f the food item consumed regardless of stage of digestion. It is of course possible 

that some food items were completely digested and therefore not found in faeces, this 

will be mentioned in the discussion. In addition pre-ingested bulk method is commonly 

used throughout the dietary literature when faeces are used (Madsen et al., 2002; Melis 

et al., 2002; Virgos et al., 2004; Balestrieri et al., 2004; Fisher et al, 2005). However, 

pre-ingested bulk has not before been used when directly compared stomach contents to 

faeces o f the same animal.

5.2.2 Data Analysis

The difference in the frequency of occurrence of each food type (% F0) was analysed 

using the McNemar test, while differences in the pre-ingested bulk for each food type 

(%IB) were analysed using the Wilcoxon Signed Ranks Test. Multiple comparisons 

were not made here as only one test was carried out on each food group; that is stomach 

contents were compared to faeces. In order to examine seasonal differences in the diet, 

the data set was divided into four three-month seasons: winter (December to February), 

spring (March to May), summer (June to August) and autumn (September to 

November). For the investigation o f seasonality, a contingency coefficient G-test was 

used across all seasons followed by Marm-Whitney U-tests to isolate significant pairs. 

Bonferroni corrections were applied to compensate for multiple testing. Statistical
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significance was set at P < 0.05, except where multiple comparisons were made and 

Bonferroni corrections were applied. All analyses were conducted in SPSS 12 (SPSS 

Inc. Chicago, Illinois, USA)
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5.3 RESULTS

Stomach contents and the corresponding rectal faeces from the same individual were 

collected from a total o f 281 badgers. The frequency of occurrence and pre-ingested 

bulk for each food category varied widely between badgers, both between stomach 

contents and faeces of individual badgers, and by season. For this reason the data was 

analysed in two ways (Table 5.1). The first analysis (Table 5.1 A) used data from all 

badgers that had both stomach contents and rectal faeces present in their individual 

gastrointestinal tracts (n = 281 badgers), and the second analysis (Table 5.1 B) used data 

only from individual badgers where a given food category was present in both their 

stomach and again present in the corresponding rectal faecal sample. The importance of 

food categories in terms of rank order were determined in both analyses (Table 5.1) with 

marginal variation occurring.
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Table 5.1 Percentage frequency of occurrence (%F0), percentage ingested bulk (%IB) 

and rank order o f food items in stomach contents and corresponding rectal faecal 

samples from A) all badgers (N = 281), and B) badgers where a given food item 

appeared in both the stomach contents and the corresponding faecal sample. Part 2 of the 

table: Lumbricidae, Insecta, Gastropoda, Mammalia, Aves and Anura are percentage of 

the total of All Animal Material consumed while berries and cereals are a percentage of 

the total of All Plant material consumed. In Part 3 of the table, insects are percentages of

total of Class Insecta as represented in Part 2.

A ) Food ca tego ries  w hen  p resen t in e ither the stom ach  and  / o r 
faeces (N  = 281)

B) B adgers w here a g iven  food  ca tegory  
w as presen t in stom ach  and 
co rrespond ing  faecal sam ple

C a te g o ry S to m a c h F aeces S to m a c h F aeces N u m b e r  o f S to m ach F aeces
%  F O %  F O %  IB %  IB b a d g e rs % IB % IB

P art 1 (R ank (R ank (R ank (R ank
O rder) O rder) O rder) O rder)

A il P lant 99 100 77 83* 278 78 84*
M ateria l (1) (1) (1) (1)
All A nim al 83 87 23 17* 216 22 16*
M aterial (2) (2) (2) (2)
Part 2
Fam ily 69 75* 2 4* 171 2 4*
L um bricidae (5) (5) (5) (4)
C lass 69 56* 15 8* 123 12 8*
All Insecta (2) (2) (2) (2)
C lass 1 1 1 1 - - -
G astropoda (9) (9)
C lass 1 1 1 1 1 1 I
M am m alia (7) (8) (7) (7)
C lass 1 1 1 1 1 1 1
A ves (8) (7) (8) (8)
O rder 7 5 5 4 11 3 3
A nura (3) (4) (4) (5)
B erries 5 6 1 1 6 1 1

(6) (6) (6) (6)
C ereal 5 5 4 5 11 4 4

(4) (3) (3) (3)
Plant L itter 95 95 72 78* 262 78 80*

(1) (1) (1) (1)
Part 3
Fam ily 52 47 14 29 96 17 27*
C arab id (3) (2) (3) (2)
A dults
Fam ily 20 6* 7 3* 10
C arab id (4) (5) (5) (5)
L arvae
Fam ily 14 11 30 41 19 45 44
T ipulid (2) (1) (1) (1)
L arvae
Fam ily 32 12* 46 23* 19 31 24*
N octu id (1) (3) (2) (3)
L arvae
U niden tified 1 1 1 1 - -
L arvae (6) (6) -
Suborder 1 1 2 4 1 4 :>
A culeata (5) (4) (4) (4)

* sign ifican t vale  (P  < 0 .05)
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It was immediately clear that samples from the two locations within the digestive tract 

generated different results (Table 5.1). These differences varied across food categories.

Analyses o f faeces for all plant material indicated that more badgers consumed plant 

material, and ate a significantly greater bulk o f this material than was suggested by the 

analysis o f stomach contents (Wilcoxon Signed Rank test -3.147, P = 0.002, Table 5.1 

A, Part 1; Wilcoxon Signed Rank test -3.163, P = 0.001 Table 5.1 B, Part 1). However 

faecal samples had a higher occurrence o f animal material, and a significantly lower 

bulk value than the stomach contents samples (Wilcoxon Signed Rank test -3.147 P = 

0.002, Table 5.1 A)

When the diet was broken down into categories corresponding to taxonomic groups o f 

plants and animals, differences were most apparent for Lumbricidae. Frequency of 

occurrence o f Lumbricidae was significantly greater in the faeces compared to the 

stomach contents (McNemar test P = 0.02, Table 5.1 A, Part 2). With regards to pre

ingested bulk o f Lumbricidae, faeces were significantly greater for this food category 

than the corresponding values for stomach contents (Wilcoxon Signed Rank test -6.210, 

P = 0.001, Table 5.1 A Part 2; Wilcoxon Signed Rank test -5.594, P 0.001 Table 5.1 B, 

Part 2). Similarly, higher bulk o f plant litter was found in the faeces than in the stomach 

(Table 5.1 A and B, Part 2). The direction o f the difference was reversed for all Insecta 

where frequency o f occurrence (McNemar test P = 0.001, Table 5.1 A, Part 2) and pre

ingested bulk (Wilcoxon Signed Rank test -6.818, P = 0.005, Table 5.1 A; Wilcoxon 

Signed Rank test -4.543 P = 0.001; Table 5.1 B, Part 2) in faeces were significantly 

lower than in the stomach contents.

When the portion o f the diet composed o f all Insecta was analysed by family, it became

apparent that carabid larvae appeared more frequently (McNemar test P = 0.001) and in

higher bulk (Wilcoxon Signed Rank test -4.687 P = 0.001) in the stomach than in the
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faeces (Table 5.1 A, Part 3). Similarly noctuid larvae appeared more frequently 

(M cNemar test P = 0.001) and in higher bulk (Wilcoxon Signed Rank test -6.660, P = 

0.001) in the stomach than in the faeces (Table 5.1 A, Part 3). This under-representation 

o f  noctuid larvae in the faecal remains also reached significance where the larvae were 

found in both the stomach contents and the corresponding faecal sample o f  the same 

badger (W ilcoxon Signed Rank test -2.294, P = 0.02; Table 5.1 B, Part 3). The data 

shown in Section B o f Table 6.1 provided similar results to the whole data set (Table 5.1 

A) with the exception o f carabid adults, which appeared in significantly higher bulk in 

faeces than in the stomachs (Wilcoxon Signed Rank test -2.251, P = 0.02; Table 5.1 B, 

Part 3).

When using the whole data set. (N = 281, Table 5.1 A, Figure 5.1), the effect o f  season 

was more obvious when analysing stomach contents than faeces. In the most general 

level o f  stomach contents analysis the relative consumption o f plant material was 

significantly greater winter compared to spring (Mann-Whitney U test 2369.5, P = 

0.001; Table 5.2.a; Table 5.3) and compared to autumn (Mann-Whitney U test 2109.5, P 

= 0.001; Table 5.2.a; Table 5.3). In terms o f seasonal rank order, stomach and faeces 

both showed that winter had the greatest bulk o f plant material (Figure 5.1). Relative 

consumption o f animal material was significantly greater in spring than winter (Mann- 

Whitney U test 2452.0, P = 0.001; Table 5.2.a; Table 5.3), and in autumn compared to 

winter (Mann-W hitney U test 2102.0, P = 0.001; Table 5.2.a; Table 5.3). In terms o f 

seasonal rank order, stomach and faeces both showed spring to have the highest rank 

order o f animal material, however they different for the rest o f the seasons (Figure 5.1).
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Table 5.2.a Stomach contents and faeces: Percentage frequency o f occurrence (% F0) 

and percentage pre-ingested bulk (%IB) o f plant material and animal material found in 

the diet o f  badgers during winter (N = 96), spring (N = 79), summer (N = 21) and

autumn (N = 85).

Season Part 1 Stomach Faeces Stomach Faeces
Category % F 0 % F0 %IB %IB

Winter All Plant Material 99 99 89 90
All Animal Material 73 82 11 10

Spring All Plant Material 99 100 69 76
All Animal Material 87 89 30 24

Summer All Plant Material 95 100 74 75
All Animal Material 76 81 26 23

Autumn All Plant Material 100 100 71 85
All Animal Material 92 92 29 15

Stom ach C ontents: Rank order o f  p lant 

m aterial throitghout seasons

Faeces: Rank order o f  plant m aterial 

throughout season s

100 -

go J H  mm

I LI HI I I I
W inter Summer Autum n Spring W in ter Autum n Spring Summer

Stom ach C ontents: Rank order o f  anim al 

m aterial throughout season s

100 

80  ^

20
0 1 1 1

Spring Autum n Summer W in ter

Faeces: Rank order o f  anim al m aterial 

throughout season s

100  ^

80  -  

60  -  

40  

20 ^
0

Spring Summer Autum n W inter

Figure 5,1 Percentage pre-ingested bulk for all plant and all animal material in the diet 

presented in rank order across the four seasons for stomachs contents and faeces.
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At a finer level o f analysis, the seasonality o f the different food categories varied 

considerably between stomach contents and faeces (Table 5.2.b). Seasonal differences in 

consumption o f Lumbricidae in the diet were much clearer in the analysis o f  stomach 

contents than o f faecal matter, with relative greater bulk consumed in autumn than in 

other seasons (autumn versus winter Mann-Whitney U test 2529.0, P = 0.001; autumn 

versus spring Mann-Whitney U test 2361.5, P = 0.001; autumn versus summer Mann- 

W hitney test 388.00, P = 0.001 Table 5.3). Changes in the bulk o f  plant litter through the 

seasons also demonstrated this difference between the methods o f  analysis, showing 

significant seasonality only in the stomach contents analysis (Table 5.2.b). Differences 

were found in the stomach contents with relatively more plant litter consumed in winter 

compared to spring and autumn (winter versus spring M ann-W hitney U test 2312.5, P = 

0.001; winter versus autumn Mann-Whitney U test. P = 0.001, Table 5.3).

Mammalia, Aves, berries and Anura were all detected with equal accuracy by the two 

types o f analysis (Table 5.2.b). Only stomach contents recorded Gastropoda and cereals 

in the diet during summer, while faeces recorded Gastropoda in spring. No significant 

differences in seasonality were detected for any o f  these food categories (P > 0.05).

With regards to the rank order o f the food items presented in Table 5.2.b, both stomach 

contents and faeces showed that plant litter w'as the dominant food item in all seasons, 

followed by Insecta in spring, autumn and winter. During summer, Anura follow plant 

litter in both stomachs and faeces (Figure 5.2). In winter, stomach contents showed 

Insecta as the following food item after plant litter, while faeces placed Lumbricidae 

second (Figure 5.2).
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Table 5.2.b Stomach contents and faeces: Percentage frequency o f  occurrence (% F0) 

and percentage pre-ingested bulk (%1B) o f Lumbricidae, all Insecta, Gastropoda, 

M ammalia, Aves, Anura, berries, cereals and plant litter found in the diet o f  badgers 

during winter (N = 96), spring (N = 79), summer (N = 21) and autumn (N = 85). 

Lumbricidae, Insecta, Gastropoda. Mammalia, Aves and Anura are percentage o f  the 

total o f  All Animal Material consumed while berries and cereals are a percentage o f  the

total o f  All Plant material consumed as shown in Table 5.2.a.

Category Stomach Faeces Stomach Faeces
Season Part 2 % F0 % F 0 %IB %IB
W inter Lumbricidae 58 68 1 4

All Insecta 57 45 5 2
Gastropoda 1 1 1
Mammalia - - - -

Aves 1 2 1 2
Anura 6 3 4 3
Berries 6 7 1
Cereals 2 2 2 2
Plant Litter 97 97 86 86

Spring Lumbricidae 70 72 3 4
All Insecta 71 66 20 14
Gastropoda - 1 - 1
Mammalia I 1 1 1
Aves - - - -

Anura 8 4 5 4
Berries -> 5 1 1
Cereals 5 5 5 5
Plant Litter 94 95 64 71

Summer Lumbricidae 48 66 1 2
All Insecta 76 57 9 8
Gastropoda 5 - 2 -

Mammalia - - - -

Aves - - - -

Anura 19 10 15 12
Berries - - - -

Cereals 5 - 5 -

Plant Litter 90 100 69 77
Autumn Lumbricidae 87 88 4 4

All Insecta 80 58 24 9
Gastropoda - - - -

Mammalia - - - -

Aves - - - -

Anura 6 6 2 3
Berries 6 7 1 2
Cereals 7 8 6 8
Plant Litter 94 91 63 75
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Figure 5.2 Percentage pre-ingested bulk o f different food items in the diet presented in 

rank order across the four seasons for stomachs contents and faeces. L = Lumbricidae, I 

= All Insecta, G = Gastropoda, M = Mammalia, A = Aves, An = Anura, B = Berries, C = 

Cereals, P = Plant litter.

Carabid adults were more clearly demonstrated to be a seasonal food when analysing

stomach contents, rather than faeces (Table 5.2.c). The stomach content analysis shows
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significantly more carabid adults were relatively consumed in summer than in winter 

(Mann-W hitney test 603.00 P = 0.002), while no such differences were recoded in the 

faecal samples (Table 5.3). Stomach sample analysis showed the relative consumption o f 

pre-ingested bulk o f  tipulid larvae decrease significantly from spring to summer (Mann- 

Whitney test 2211.0 P = 0.001), while faecal analysis failed to detect this change (Tables 

5.2.c; Table 5.3). In terms o f carabid larvae, significant differences in bulk were 

recorded in stomach samples between spring and autumn (Mann-Whitney test 2377.5, P 

= 0.001, Table 5.3) with no seasonality detected in the faecal material. Noctuid larvae 

were not found in stomach samples during the summer (Table 5.2.c), despite being 

detected in faeces during this season. The stomach samples showed a significantly 

relatively higher bulk o f noctuid larvae eaten in winter than in spring (M ann-W hitney 

test 3021.0 P = 0.001). This was not detectable in the faecal samples (Table 5.3).

With regards to rank order o f Class Insecta between stomach contents and faeces, in 

spring and autumn stomach contents and faeces both showed the same order o f  food 

items. During winter, stomach contents showed that noctuid larvae and carabid adults 

were ranked highest, while faeces reversed this order (Figure 5.3). Similarly, in summer, 

the stomach contents rank order o f food items had Aculeata as the principle food 

followed by carabid. This order was reversed in faeces.
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Table 5.2.c Stomach contents and faeces: Percentage frequency o f occurrence (% F0) 

and percentage pre-ingested bulk (%IB) o f carabid adults and larvae, tipulid larvae, 

noctuid larvae, unidentified larvae and Aculeata found in the diet o f badgers during 

winter (N = 96), spring (N = 79), summer (N = 21) and autumn (N = 85). Insects are

percentages o f the total o f Class Insecta as represented in Table 5.2.b.

Category Stomach Faeces Stomach Faeces
Season Part 3 % F0 % F 0 %IB %IB
Winter Carabid Adults 43 42 24 66

Carabid Larvae 20 3 13 7
Tipulid Larvae 3 - 5 -

Noctuid Larvae 27 6 56 15
Unidentified Larvae 1 1 1 1
Aculeata 1 2 1 10

Spring Carabid Adults 32 33 14 21
Carabid Larvae 4 - 2 -

Tipulid Larvae 22 10 79 78
Noctuid Larvae 5 1 5 1
Unidentified Larvae - - - -

Aculeata - - - -

Summer Carabid Adults 71 52 36 44
Carabid Larvae 14 5 15 3
Tipulid Larvae 10 14 5 16
Noctuid Larvae - 5 - 3
Unidentified Larvae 5 - 1 -

Aculeata 5 5 42 33
Autumn Carabid Adults 56 45 11 26

Carabid Larvae 35 14 8 7
Tipulid Larvae - 1 - 1
Noctuid Larvae 68 31 81 65
Unidentified Larvae 1 - 1 -

Aculeata 2 1 1 1
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Figure 5.3 Percentage pre-ingested bulk o f different food items in the diet presented in 

rank order across the four seasons for stomachs contents and faeces. C = carabid adults, 

CL = carabid larvae, T = tipulid larvae, N = noctuid larvae, U = unidentified larvae, A = 

aculeata.
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Table 5.3 Stomach contents and faeces: Significance of cross-seasonal analysis by 

Mann Whitney U-test of stomach percentage pre-ingested bulk (S%IB) and faeces 

percentage pre-ingested bulk (F%IB) between significant food categories.

C ategory W in te r  vs. 
Spring

W inter vs. 
S um m er

W inter vs. 
A utum n

Spring vs. 
S um m er

Spring  vs. 
A utum n

S u m m e r  vs. 
A u tu m n

S% IB F% IB S% IB F% IB S%1B F% IB S%1B F%IB S% IB F%IB S% IB F%1B
Part 1
All Plant 
Materia l

* * N S N S N S ** NS N S N S N S N S N S N S

All A nim al 
Material

* * N S N S N S ** N S N S N S N S N S N S N S

Part 2
Lum bric idae N S N S N S NS ** NS NS NS ** N S ** N S

All Insecta ** ** N S N S ** N S N S N S N S N S N S

Plant litter ** NS N S N S * * N S N S N S N S N S N S N S

Part 3
Carabid
Adults

N S N S * * N S N S NS N S N S N S N S N S N S

Carabid
Larvae

NS - NS NS N S NS NS - * * - N S NS

Tipulid
Larvae

** - N S - - - ** NS - ** - N S

Noctuid
Larvae

** NS - N S ** - NS ♦ * ** - N S

** Significant results (P  < 0.0045) from M ann-W hitney  test based on %1B with Bonferroni corrections
N S - N o t significant

Aculeata and unidentified larvae were present in both stomach contents and faeces with 

no significances detected between seasons (P > 0.05).
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5.4 DISCUSSION

The data analysis has shown that there were quantitative differences in the estimation o f 

some food categories consumed. However, the results o f the two methods produced 

broadly similar rank-orderings o f  the major food categories. In addition, seasonal effects 

were apparent for certain food categories from stomach contents analysis but not from 

faecal sample analysis. The disparity between these two analyses may be applicable to 

other mammalian dietary studies and could call into question the accuracy o f  faecal 

studies in describing diet. There was little difference in regards the rank order o f food 

items between seasons, and when differences did occur they were found to be marginal.

Plant material made up significantly greater bulk in the faeces while animal material was 

significantly greater in the stomach. However, only stomach contents showed significant 

seasonal differences in terms o f plant and animal bulk. The contribution o f most o f the 

major food categories eaten by badgers was underestimated by the analysis o f  faeces, 

but Lumbricidae, carabid adults and plant litter were overestimated.

Interestingly, even though Lumbricidae were overestimated by faecal analysis, their 

seasonality was severely underestimated by this analysis. By contrast, stomach contents 

showed Lumbricidae to be a strongly seasonal dietary component, with relatively more 

consumed during autumn, although in low bulk. In Chapter 3 it was found that 

Lumbricidae were taken throughout the year, but as with the current study were 

consumed in higher bulk in the autumn. This finding is supported by Shepherdson et al. 

(1990), who found that in England earthworms were an important food item o f virtually 

all samples in autumn. The lack o f significance in seasonal differences in faecal samples 

could be explained by the long retention time o f the chaetae in the colon. A slow but 

continuous release could be the result o f a slight build up o f chaetae as badgers ingest

more Lumbricidae, leading to obscuring o f  the seasonal differences.
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Insecta were found to be a significantly greater part o f the diet from analysis o f stomach 

contents than o f faeces. However, to get a more detailed picture o f the contribution made 

by different groups o f Insecta. the class was divided into families. Only two families o f 

insects were found to be significantly different between stomach and faecal analysis: 

noctuid and carabid larvae, both o f  which are soft bodied. Therefore, the differences 

may have been due to the high digestibility o f these larvae. Indeed, Reynolds and 

Aebischer (1991) suggested that soft-bodied invertebrates are likely to be under

estimated in faeces due to complete digestion. This finding further supports the general 

principle that due to differential digestion o f food items both qualitative and quantitative 

analyses o f diet can be affected.

The contribution o f insects to the overall diet is complex due to the seasonality o f certain 

species as discussed in Chapter 3. Seasonality o f carabid adults was missed completely 

in faeces between winter and summer, therefore underestimating the importance o f  the 

species during the summer. This was so despite carabid adult occurring in relatively 

higher bulk in faeces than in stomachs during the summer. A possible reason for lack o f 

seasonality in faeces could be the retention o f hard parts in the colon and slow release o f 

these parts from the faeces, similar to that described earlier for Lumbricidae.

Although both tipulid and noctuid larvae show seasonal changes in the diet within 

stomach and rectal samples, the changes were not consistent between the two samples, 

while carabid larvae were only found to show seasonality in stomach samples. Noctuid 

and carabid larvae hatch in the autumn and over-winter in the soil, where they feed on 

roots o f grasses and crops until spring, at which time the larvae start emerging as adults 

(Boumer and Cory, 2004; Purvis and Fadl, 2002). This makes the larvae a valuable food 

source for badgers during autumn and winter months. However, their seasonal 

importance during the winter was demonstrated by analysis o f stomach contents but

114



underestimated or missed by faecal samples, therefore undervaluing the importance o f 

the larvae during this season. The fact that faecal samples underestimated the importance 

o f noctuid larvae is made more imperative when considering the significance o f noctuid 

larvae during winter in improving badgers’ body condition for reproduction as discussed 

in Chapter 4. With regards to tipulid larvae, these occur in large numbers during the 

spring (Jones and Jones, 1984), making them a profitable and important food source for 

badgers at this time o f year. The failure o f  faecal sampling to detect a difference in their 

consumption between spring and summer underrates the importance o f these larvae at 

their peak o f abundance. Due to these quantitative differences between stomach and 

faecal samples, the importance o f seasonality may be missed if  faecal analysis is used. In 

addition the finding that tipulid and noctuid larvae occurred in both stomach and faecal 

samples disagrees with the suggestion o f Cavallini and Volpi (1995) that preferred food 

items would be more abundant in faeces. Instead in this study preferred seasonal larv'ae 

were underestimated in faeces.

In chapter 3, it was observed that during the summer months there were relatively 

significantly more Aculeata and Anura consumed than at other times o f  the year. This 

rise in importance o f  these species in the diet corresponded to a decrease in the 

consumption o f tipulid larvae. It was hypothesised that badgers compensate for the loss 

o f tipulid larvae during the summer, due to the larvae pupating and emerging as adults 

(Jones and Jones, 1984), by foraging on Aculeata and Anura. However, in the current 

study no seasonality was found for these species in either stomach samples or the faecal 

samples. This is possibly due to a small sample size collected during the summer months 

(N = 21). A study on the diet o f  Steller sea lions (Eumetopias juhatus) by Trites and Joy 

(2005) suggested that a minimum sample size o f 59 scats is necessary to identify 

principal prey remains occurring in >5% of scats. The data presented in the current study 

provided samples that fall below this limit especially in summer. This emphasises the
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importance o f  large samples sizes to reduce the amount o f variability that is attributable 

to sampling error (Arim and Naya, 2003).

Comparison o f samples from stomach and faeces can demonstrate whether badgers 

change their feeding habits from day to day. In fact numerous food items o f the same 

type were present in both samples suggesting a day-to-day consistency in their feeding 

strategies and foraging behaviour. W itt’s (1980) prediction that dietary components from 

stomach contents and faeces are not comparable due to different food types present in 

stomach contents compared to faeces is thus not applicable to badgers in Ireland. 

However it should not be assumed that stomach contents and faeces would be 

comparable for all animals. For example, Homolka and Heroldova (1992) compared the 

stomach contents and faeces o f culled red deer {Cervus elaphus) and found that 

quantitative dissimilarity in dietary estimation appeared. These results are in agreement 

with W itt's (1980) prediction that food items were not consistent between the two 

samples. Homolka and Heroldova (1992) suggested that W itt’s (1980) prediction would 

explain the conflicting results from several authors when comparing stomach dietary 

studies to faecal dietary studies, which aim to establish the diet o f  the deer. It was 

concluded that when analysing the diet o f red deer, researchers should concentrate on 

one type o f analysis.

Throughout this analysis it was assumed that the stomach contents were closer to the 

“real” diet o f the badger, and departures from these values in the faecal analysis were 

considered failures to represent the true diet. This assumption can be justified because o f 

the more intact nature o f stomach contents. Items were only partly digested, or not 

digested at all in the stomach contents, and consequently much less information was lost 

compared to results from faecal samples where food items had undergone complete 

digestion.
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The data presented in the study suggest that while faecal samples give a good indication 

o f  overall dietary content and o f the relative importance o f different foods, care must be 

taken in interpreting the results o f  faecal analysis. This is particularly important for food 

items that are more fully digested and leave few or very small remnants after digestion. 

As soft-bodied larvae are especially problematic it could have been possible that if 

faeces had been used to describe the diet o f badger in Ireland, the data would have failed 

to identify the importance o f such Insecta larvae. In addition, faecal samples collected 

from latrines may be affected by weathering, ageing and insect attack, especially when 

they are collected infrequently from the environment (Reynolds and Aebischer, 1991). 

Such concerns are not applicable to the current study as faecal samples were taken 

directly from the rectum, but must be considered in addition to the inaccuracies o f  faecal 

analysis already shown.

This is the first study to make a direct comparison o f badgers’ stomach contents and 

faecal samples from the same individual across a large sample. A number o f 

inaccuracies were revealed when using faecal samples to determine diet, and believe it is 

important for other researchers to be aware o f the shortcomings o f  this technique. In 

particular, seasonal changes in the diet may be missed if  only faecal samples are studied.
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Chapter 6. A comparison of two methods of faecal analysis to determine the 

diet of badgers (Meles meles)

6.1 INTRODUCTION

An accurate and comprehensive knowledge o f the badgers’ diet, and o f variation within 

the diet, contributes greatly to understanding the species’ niche in an ecosystem. When 

determining the composition o f the badger’s diet, most authors have relied on the 

analysis o f faecal samples (Sidorovich et al., 2006; Rosalino et al 2005; Garcia and 

Kittlein, 2005; Lanszki 2004). As badgers defecate in distinctive latrines, their faeces are 

easily distinguished from that o f other species, and can be relatively easy to find. 

Although faeces may endure in the environment for long periods o f time, it is favourable 

to collect fresh faeces, as this assists both identification o f the species from which it 

came (Bang and Dahlstrom, 2001) and the identification o f  seasonal dietary changes 

(Davison et al., 2002).

While collecting faeces from latrines for dietary studies, other information about the

animal can also be recorded. For example, faecal counts have frequently been used as a

measure o f  animal abundance (Neff, 1968; Putman, 1984; Kerbs et al., 1986, 1996;

Plumptre, 2000) and the number o f latrines with bait marked faeces can indicate the size

o f social groups and predict badger density. This method o f population monitoring gives

accurate information about population levels (Tuyttens et al., 2001) and furthermore can

be used in monitoring the impact o f human pressures on badger numbers. Faeces can

also potentially be used to help understand the role badgers play in the epidemiology o f

bovine tuberculosis and rabies (Tuyttens et al., 2001). DNA can be successfully

extracted from the faeces o f badgers and used to generate a genetic profile o f  the

defecating individual (W ilson et al., 2003). Consequently, much more information about

badgers than dietary content can be gathered from faeces.
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The techniques used to quantify dietary findings vary considerably and depend upon the 

nature o f the food consumed and the degree o f fragmentation it has undergone (Jordan, 

2005). The methodology used to analyse faecal samples is likely to affect the description 

o f  the anim al’s diet, yet, despite this, the methodology o f faecal analysis in mammal 

studies has received little attention. Papers that do discuss faecal methodology include 

Lockie (1959), Corbett (1989), Reynolds and Aebischer (1991), Zabala and 

Zuberogoitia, (2003) and Jordan (2005).

One o f  the main methods used by many researchers when analysing badger diet is to 

apply conversion factors to food items found in the faeces (Rodriguez and Delibes, 

1992; Martin et al., 1995; Fedriani et al., 1998; Goszczyhski et al., 2000; Lanszki, 2004; 

Rosalino el al., 2005). Conversion factors are designed to compensate for the digestion 

process and are intended to convert the dry weight o f the indigestible remains o f a prey 

item into the fresh weight o f that item on ingestion. This is then expressed as a 

percentage o f the total biomass ingested, so is referred to as the “percentage fresh weight 

biom ass” o f  that food type (Reynolds and Aebischer, 1991; Fedriani et al., 1998). This 

method will be referred to as the “conversion factors” method in the current study.

A second common method, which is more time consuming, involves making visual 

estimations o f the pre-ingested bulk o f  the food item, using reference collections to 

assist in the visualising process. This again is expressed as a percentage o f the whole 

ingested biomass. This method was put forward by Kruuk and Parish (1981) and will be 

referred to as the “visual estimations” method in the current study.

It basis o f  this chapter is essentially the comparison o f one method (pre-ingested bulk)

for the expression o f  the importance o f components in the diet, developed for stomach

analysis, with another method developed specifically for faecal analysis (conversion

factors). Pre-ingested bulk could be termed as a subjective approach, requiring
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knowledge and/or reference collection of the specific prey items taken. Conversion 

factors is also a subjective approach, as it gives the impression of being highly 

quantitative but is heavily dependent on the existence of appropriate conversion factors, 

which simply may not exist. Thus, aim of this chapter is to review these two methods, 

conversion factors and visual estimations, by comparing the results to each other and 

then to the diet as previously described, using stomach contents (chapter 3) and to assess 

which technique gives a truer reflection o f the diet as presented by stomach contents.

120



6.2 MATERIALS and METHODS

6.2.1 Dietary analysis

All faecal samples were processed as described in section 2.2.2 - 2.2.3.

6.2.2 Percentage fresh weight biomass determined by conversion factors

Conversion factors were used to estimate the fresh weight of food ingested from the dry 

weight of the remains found in faeces. Conversion factors used in this study were 

obtained from Goszczyhski et al. (2000), who fed known weights of a particular food 

type to captive badgers, drying the remains passed in their faeces and weighing these 

remains. This allowed calculation of the conversion factors (Table 6.1). Conversion 

factors are applied only to faecal samples, as conversion factors assume that the food 

items have undergone complete digestion.

Conversion factors were applied to faecal samples using the following equation 

(Reynolds and Aebischer, 1991; Fedriani et al., 1998):

Dry weight of remains of a particular prey type * its conversion factor (CF)/ ^  (dry 

weight o f remains of each prey type * CF of each prey type) * 100

Earthworms were represented in faeces as chaetae and therefore were too light to weigh 

accurately, so a different calculation was used to estimate their contribution to the diet. 

The number o f chaetae found was used to estimate the number o f segments of 

earthworm ingested (assuming 8 chaetae per segment) (Wroots, 1985). The fresh weight 

o f segments ingested (g) = (no. o f segments ingested x fresh weight of one segment, 

0.015g) (Reynolds and Aebischer, 1991).
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Table 6.1 Food items consumed by captive badgers and resulting conversion factors that 

were worked out from digestive remains by Goszczynski et al. (2000).

Food item Conversion factor applied

Insects 5

Insect larvae 20

Beetles 8

Small rodents 32.8

Small birds 45.6

Amphibians 49

Oats and acorns 5

Fruits, seeds and mushrooms 14

Other plant material 4

6.2.3 Visual estimations (Kruuk and Parish 1981)

This method was carried as explained in section 2.2.4.

6.2.4 Data Analysis

To evaluate any differences in dietary niche breadth. Levins’ Index was used as 

described in section 2.3.7
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6.3 RESULTS

As the composition o f the diet was discussed in chapter 3 and differences between 

stomach and faecal samples were discussed in chapter 6, the current chapter will be 

restricted to a comparison o f the two methods used, conversion factors and visual 

estimation, with each other and with the diet as estimated by stomach contents analysis.

When the rank orders o f dominant dietary components were considered it was found that 

Plant matter and animal matter appeared in the same order regardless o f  method used 

(Table 6.2, Part 1; Figure 6.1) and further differences between the methods were 

discovered. All methods agree that plant litter follow’ed by Insecta are the highest bulk 

dietary components (Table 6.2, Part 2; Figure 6.2). The conversion factors method then 

ranked cereals above Anura. while the visual estimates method agreed with the stomach 

contents analysis that Anura make the third largest contribution to the diet (Table 6,2, 

Part 2; Figure 6.2). Conversion factors ranked Aves fifth in terms o f importance, while 

stomach and visual estimation ranked this dietary component eighth.

In stomach samples, Lumbricidae were ranked fifth, while the visual estimations method 

placed them fourth. There was a considerable discrepancy in the importance of 

Lumbricidae when the conversion factors method was used, as they were placed eighth 

by this method (Table 6.2, Part 2; Figure 6.2).

When Insecta were broken down into families, ranking order was very similar, with the 

exception o f tipulid larvae. Visual estimations ranked tipulid larvae second in 

importance after noctuid larvae (Table 6.2, Part 3; Figure 6.3). Conversion factors 

agreed with stomach contents and ranked tipulid larvae first, followed by noctuid larvae.
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Table 6.2 Results using different method based on percentage pre-ingested bulk o f 

visual estimations and percentage fresh weight based on conversion factors, compared to 

stomach samples (chapter 3). Part 2 o f the table; Lumbricidae, Insecta, Gastropoda, 

Mammalia, Aves and Anura are percentage o f the total o f  All Animal Material 

consumed while berries and cereals are a percentage o f the total o f All Plant material 

consumed. In part 3 o f the table, insects are percentages o f the total o f Cl. Insecta as

represented in part 2.

Whole Year Faeces (N = 826) Stomach (N = 686)
Category Visual

Estimations
Conversion
Factors

Stomach
Samples

Part 1
All Plant Matter 86 86 68
All Animal Matter 14 14 32
Part 2
Family Lumbricidae 2 1 3
Class All Insecta 8 8 20
Class Gastropoda 1 1 1
Class Mammalia 1 1 1
Class Aves 1 2 1
Order Anura 3 3 6
Berries 1 1 1
Cereal 2 4
Plant litter 84 84 63
Part 3
Family Carabid Adults 29 7 16
Family Carabid Larvae 5 2 7
Family Tipulid Lai'vae 29 53 41
Family Noctuid Larvae 33 36 30
Unidentified Lar\'ae 1 1 1
Suborder Aculeata 4 1 5
Part 4
Dietary Niche Breadth 0.53 0.36 0.51
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Figure 6.1 Rank order o f plant matter and animal matter using different methods as 

presented in Table 6.2.
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Figure 6,2 Rank order of food categories as presented by (A) Visual Estimations (B) 

Conversion Factors compared to (C) Stomach Samples as shown in Table 6.2. L = 

Lumbricidae, I = Insecta, G = Gastropoda, M = Mammalia, A = Aves, An = Anura, B = 

Berries, C = Cereal, P = Plant Litter
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Figure 6.3 Rank order o f food categories as presented by (A) Visual Estimations (B) 

Conversion Factors compared to (C) Stomach Samples as shown in Table 6.2. C = 

Carabid Adults, CL = Carabid Larvae, T = Tipulid Larvae, N = Noctuid Larvae, U = 

Unidentified Larvae, A = Aculeata

The dietary niche breadth for visual estimations was 0.53, while for conversion factors it 

was found to be 0.36. Stomach samples showed the niche breadth to be 0.51 (Table 6.2, 

Part 3)
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6.4 DISCUSSION

This study demonstrated that neither visual estimation nor conversion factor methods o f 

faecal analysis gave a true account o f the diet as reflected by stomach samples. The 

sample sizes used in this study were very large and drawn from the same population as 

animals used in chapter 3. Hence, any discrepancies between the diets o f individual 

badgers would not account for the differences found between the dietary analyses 

methods tested.

The visual estimations method was used in the analysis o f stomach samples; this was 

essential, as conversion factors cannot be applied to stomach contents, given that the 

conversion factors assume complete digestion o f  items has occurred. This may be 

considered to bias the findings in favour o f the visual estimation method o f faecal 

analysis. However, this is mitigated by the fact that the visual estimation for a sub

sample o f stomach contents and faeces were carried by four independent parties, which 

was regarded as sufficient to negate any bias which could be carried across to a visual 

analysis o f  faecal matter.

When expressing findings in rank order, conversion factors were found to overestimate 

Aves, while underestimating the importance o f  Lumbricidae. Both faecal analysis 

methodologies gave similar dietary niche breadths to that obtained by stomach contents 

analysis.

There are a number o f possible explanations for the overestimation o f Aves and 

underestimations o f Lumbricidae. Aves appeared in two faecal samples and by visual 

estimation from the feathers and bones it was estimated that the intact bird had been 

small in size. Even though the conversion factor presented by Goszczynski et al. (2000) 

was derived from a small bird, their contribution to the diet was still overestimated when
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conversion factors were used. In contrast with this, the underestimated rank order of 

Lumbricidae could also be due to conversion factor methodology. This was based on the 

number o f segments found converted into fresh weight, while visual estimation was 

based on the approximate size of the segments, found as determined from live 

specimens. With so few Lumbricidae individuals found in the diet, the weight of 

segments appears not to be a sufficient method for determining the impact o f the 

component in the diet. Alternatively, or perhaps coincidentally, Lumbricidae could have 

been overestimated when using visual bulk as a result of human error. Perhaps when 

very small quantities of earthworms were detected, human observers attributed a greater 

then deserved proportion to them. These discrepancies highlight differences in the 

description of the diet and the importance of establishing a reliable method, however 

further work is necessary in determining a conclusion.

Both faecal analysis methods have problems that should be taken into account when 

applying them to dietary studies. Reynolds and Aebischer (1991) found that conversion 

factors could be unreliable, as they are estimated from feeding with a limited number of 

animals. Webbon et al. (2006) agreed with Reynolds and Aebischer (1991) and 

suggested that conversion factors are open to error, as low numbers of animals were 

often used in their original estimation. Zabala and Zuberogoitia (2003) suggested that 

modifying prey estimates by conversion factors assumes that all residues have the same 

density. Therefore, the volume in faeces is representative of the contribution of each 

residue type to the total weight of faeces. The bias created by this assumption is difficult 

to estimate and almost certainly changes in each sample and consequently is usually 

accepted as an assumed error (Zabala and Zuberogoitia, 2003). Putman (1984) 

recommended that while conversion factors could be used to estimate the actual number 

of prey items ingested by a carnivore, it would only be practical to derive conversion 

factors for species that take a limited range o f prey. Lockie (1959) showed that animals,
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such as foxes and weasels, consume and digest their food differently thus errors are 

produced when using the same conversion factors for each animal. Thus, conversion 

factors for these animals are likely to be unique and not applicable for other species. 

This would mean that each animal would need to have its own set o f  conversion factors. 

This might not always be possible, as to work out conversion factors the studied animal 

is required to be kept in captivity and often in a concrete enclosure to ensure animal can 

not forage independent o f  food provided.

When visual estimations are used, a reference collection is needed for accurate and 

realistic interpretation o f the prey present in a sample. If the animal changes its diet with 

season, as found in badgers, it is necessary to adjust the reference collection accordingly, 

and this will often entail field work. Without a reference collection, visualising the 

proportions o f the different prey items and plant litter together can be very difficult. 

However, if  a reference collection is used, this method can be effective.

Visual estimation can be very time consuming and a bias can materialise when trying to 

extrapolate how many species were present from the number o f  identifiable remains 

(beetle legs or elytra), as numbers can be overestimated or underestimated. This caveat 

is particularly important when considering fully digested items found in faecal samples.

Problems may occur when trying to apply either o f the above methods to the diet o f

carnivores that consume large herbivores such as sheep, cattle or deer but will

opportunistically take small prey such as rodents. A study by O ’Gara (1986) found when

assessing the diet o f coyotes, that scat samples would show signs o f  rodent prey in the

form o f bones and hair. However when coyotes ate sheep, as was often found, they did

not ingest any wool. O ’Gara (1986) found that this led to the assumption that all flesh

found in scat samples were belonging to the animal that had indigestible fragments

present, leading, for instance, to rodent prey being overestimated. This was not a
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particular concern in the current study, as when badgers did not predate on large 

herbivores.

The overall conclusion from the study is that visual estimation of pre-ingested bulk is a 

potentially more dependable method of faecal analysis when assessing the diet of 

mammals, where exact conversion factors for prey consumed are not available. The 

analysis o f stomach contents is likely to give the more reliable reflection of the diet then 

faecal analysis. It would be desirable to conduct a further study to test if  analysis of 

visual estimations and conversion factors result in the same seasonal and geographical 

trends, as these factors are important when determining how the animal’s diet may 

change over space and time.
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Chapter 7. Passage time of food items through the gastrointestinal tract in 

badgers {Meles meles)

7.1 INTRODUCTION

Fewer studies have addressed the passage time o f  dietary items than have investigated 

other aspects o f  wild animals’ feeding ecology, as passage time studies could require the 

animals to be held in captivity. When an animal (herbivores or carnivores) ingests food, 

the passage time and assimilation efficiency o f the food ingested can be influenced by 

many physiological and morphological traits. Examples o f these traits include type o f 

food ingested, type o f digestive behaviour, such as gorging, biting, chewing and 

swallowing (Harlow, 1981; Hilton et al., 1999; Zynel and Wunder, 2002), body 

temperature (Reed. 1966), hypoxia (Szurszenski and Steggersa, 1968), and even altitude 

(Krabill and Hannon, 1972). The activity level o f the animal and energy content o f  the 

food item consumed also affect both passage time and assimilation efficiency (Warner, 

1981). A study on north American beavers {Castor canadensis) found that passage time 

varied depending on the type o f vegetation ingested, which in turn affected the energy 

gain by the beaver (Fryexell et al., 1994). The North American river otter {Lontra 

canadensis) who had a carnivorous diet was recorded to have a passage time ranging 

from 167 to 188 minutes, depending on the an im afs level o f  activity, while assimilation 

efficiency was affected by prey type (White et al., 2006).

Hilton et al. (1999) suggested that carnivorous animals with low assimilation efficiency

are restricted to concentrating their foraging on high-quality food sources, therefore

compensating for food being inefficiently digested. For example, Houston (1988)

observed as a result o f rapid passage time and low assimilation efficiency o f  meat by

lions (Panthera leo), that faeces had abundant nutrients present. In fact, the faeces

contained so much undigested meat that it was beneficial to Egyptian vultures
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{Neophron percnopterus), which followed prides in order to feed on it. Conversely, 

when an animal ingests low-quality food it needs to develop mechanisms to increase 

assimilation efficiency. Foley and Cork (1992) suggested that some species o f  small 

endotherms compensate for highly fibrous diets by a combination o f  feeding and 

digestive mechanisms that include high food intake, changes in digestive tract capacity, 

and increased nutrient uptake by the small intestine. This view is supported by Afik and 

Karasov (1995), who found that passage time and assimilation efficiency are related to 

the design and flexibility o f the gastrointestinal tract, which are o f  ecological importance 

because they may control diet diversity and thus niche breadth. Passage time and 

assimilation efficiency also affect an animal’s ability to switch between different types 

o f  prey (Milton, 1981). As initially, dietary changes can reduce assimilation efficiency 

and a time period for acclimation is needed for digestion o f the food item to become 

more efficient.

Animals that are opportunist or generalist feeders, which regularly change their diet, are 

adapted for rapid modification o f their digestive function, for example altering their gut 

anatomy in response to changes in diet quality. This is observed in bank voles 

{Clethrionomys glareolus) and field voles (Microtus agrestis) (Larsson and Hansson, 

1977). These animals’ dietary intake consists o f mainly grasses in spring, seeds in 

summer and bark during autumn and winter (Larsson and Hansson, 1977). The voles’ 

gut contents are continually recycled, which may account for the long retention time o f 

food and contribute to their high digestive efficiencies o f plant material (Lee and 

Houston, 1993).

Despite the prevalence o f dietary studies on badgers, passage times and assimilation 

efficiency o f food items have seldom been studied (see study by Rosalino et al. 2003 for 

food digestibility in badgers). Reports in the literature show that certain mustelids.
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which display a range o f  different foraging behaviours, have rapid passage times and 

low assimilation efficiency. These include mink {Mustela vision) (Errington 1967); 

North American badger (Taxidea taxus) (Harlow 1981); weasel {Mustela nivalis) 

(Moors, 1977); wolverine (Gulo gulo) (Iversen, 1972b); and sea otters {Enhydra lutris) 

(Iversen, 1972a). The aim o f this chapter is to compare the gastrointestinal tract contents 

o f  badgers that were presented with food and euthanased at various time intervals post

feeding. By examination o f their gastrointestinal tracts it would be possible to obtain 

information about passage time o f different foods through the gut. Consequently by 

establishing the passage time o f  principle food items (Lumbricidae, Insecta) it would be 

possible to detemiine if any particular food item had a rapid passage time compared to 

other foods ingested. This would be o f  interest to know, as it may affect the ratio o f  food 

items found in faecal deposit. Furthermore, by feeding badgers known quantities o f food 

items it would be possible to assess if  any food item is completely digested and therefore 

absent in faeces. In addition, the inclusion o f cattle feed in the diet o f the captive badgers 

would allow this food item to be identified both in stomach contents and faeces, thus 

ensuring it is not completely digested and missed. The results o f this study may aid in 

understanding the movement o f food items such as Lumbricidae, Insecta and plant litter 

through the gut o f badgers and help further comprehend the diet o f  badgers as presented 

in either stomach or faecal samples.
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7.2 MATERIALS and METHODS

As part o f another study, which aimed to assess the development of Mycobacterium 

bovis as an endobronchial infection (Comer et a i, unpublished), twenty-two badgers 

were obtained from a wild population. The badgers were held in captivity for ten weeks 

and euthanased at the end of Corner et al.'s study, at which time a detailed post mortem 

examination o f the spread of the disease was conducted. As two pathologists carried out 

post mortem examinations, there was a constraint on the number of animals that could 

be euthanased each day during the post mortem week (22^^ of January to the 26'^ of 

January). This gave an opportunity to assess the passage time of certain food items 

through the gastrointestinal tract of these captive badgers.

7.2.1 Badgers

Twenty-two captive badgers of unknown age were divided between eight large outdoor 

pens in groups of 2-4 animals, with the exception o f a single male who was kept in a 

separate pen as he showed aggressive behaviour towards other badgers. The pens were 

each approximately 200m , with earthen floors, grass, shrubs and a 2m diameter shallow 

pool. In each pen, the badgers were provided with two wooden setts, recessed into the 

ground to provide below-surface entrances. The setts contained an inner nest box with 

dry straw as nesting material. Prior to the feeding experiment, badgers were feed on a 

mixture of dog food and dog biscuits.

7.2.2 Feeding for assessment of passage time

Feeding was canied out from the 13'*’ of January 2007 to the 26'*’ of January 2007. To

help give an indication of passage time o f food items through the gastrointestinal tract of

wild badgers, the captive badgers were fed on a special diet for the duration of the study.

The objective of this diet was to provide examples of food items comparable to each of
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those present in the natural diet o f  Irish badgers (chapter 3). Carabid adults, larvae and 

seasonal larvae were substituted in the study with red flour beetles {Tribolium  

castaneum), wax moth larvae (Aphomia sociella) and mealworms (Tenebrio species). 

Earthworms {Lumbricus terrestris) were also provided. Blades Biological Ltd supplied 

all o f these insects. At time o f study it was suspected that badgers might have been 

consuming cattle feed, which is commonly fed to cattle during the winter. Thus, cattle 

feed was included in the food presented to the captive badgers. Plant litter was added to 

the diet, as badgers commonly ingest plant litter as discussed in chapter 3. The plant 

litter was composed o f  items that were found in the diet o f a very small random sample 

o f  stomachs and faeces (N = 10) in chapter 3: pasture grass, rhizomes o f  bracken 

{Pteridium aquilinum), common gorse {Ulex enropaeus) and wood ferns 

(Dryopteridaceae species).

Due to financial constraints only a limited number o f each food item could be fed to the 

badgers. Thus, each evening for the duration o f the study (13*'’ o f .January to the 26'*’ o f 

January 2007) badgers was feed a diet made up o f 22 earthworms, 15 red flour beetle, 60 

mealworms, 20 wax moth larvae and 100 grams o f cattle feed. Plant litter included in the 

feed was pasture grass, roots o f bracken, common gorse and ferns. After mixing the food 

together in a bowl, 50ml o f golden syrup was drizzled over the top o f the feed to act as 

an adhesive.

It was decided to present all the food items to the badgers as a mixed meal as this would 

mimic the diet o f wild badgers during a typical night foraging, as seen in chapter 3. 

Also, there were practical considerations that influenced the experiment; badgers were 

primarily the subject o f a separate experiment (Comer et al., unpublished) and were 

euthanised on a strict schedule in accordance with this.

135



The badgers were famiharised with the diet for one week before the experiment began 

(13'*’ - of January). The experiment commenced on Sunday the 21®' January and ran 

continuously until Friday 26'^ January. During the week of the experiment, coloured 

plastic pellets were included in all food to give an indication of which nights badgers fed 

and passage time o f food items through the gastrointestinal tract.

7.2.3 Plastic pellets

In order to study the passage o f food through an animal’s gastrointestinal tract, 

introduced markers are usually used (Van Weyenberg et al., 2006). For the purpose of 

the experiment specific colours of plastic pellets, supplied by Athlone Extrusion Ltd., 

were included and mixed in the food given to badgers for the duration of the 

experimental week (Sunday 21®' January to Friday 26'*’ January, Table 7.1). Inclusion of 

a different colour o f pellet in food each night helped to identify at post mortem when 

badgers last fed, and gave an indication of passage time of food items through the 

gastrointestinal tract.

7.2.4 Feeding times

To determine passage times of different food items thorough the gastrointestinal tract, 

badgers due to be euthanased the following day were given food at specific times; all 

other badgers were given food at 5pm (Table 7.1). All badgers had the same colour of 

pellets included in their food each day during the experiment week (Table 7.2). All 

badgers were allowed to forage freely in their pens. Each morning at 9am, the previous 

nights’ dishes and all traces of pellets were removed from all pens.
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Table 7.1 Badger pen number, tag number and gender was recorded. Date and time o f 

each feed, the colour o f the pellets used in each feed and date and time when badgers

were euthanased. See Figure 7.1 for graphical representation o f  this table

PenI Badger 
tag number

Gender Date o f 
last feed

Time o f 
last feed

Pellet
colour

Date o f 
euthanasia

Time o f 
euthanasia

A 1849 Male 21/01/07 20.00 Yellow 22/01/07 09.39
A 3788 Male 21/01/07 20.00 Yellow 22/01/07 09.11
A 7163 Female 21/01/07 20.00 Yellow 22/01/07 09.25
A 7698 Male 21/01/07 20.00 Yellow 22/01/07 14.31
A1 1711 Male 21/01/07 20.00 Yellow 22/01/07 14.52
All badgers in pens B,C1,C2,D,E & F were fed meal with yellow pellets at 17.00 on 21/01/07

B 2040 Female 22/01/07 22.00 Red 23/01/07 09.07
B 2396 Female 22/01/07 22.00 Red 23/01/07 08.49
B 3717 Male 22/01/07 22.00 Red 23/01/07 12.20
B 5572 Female 22/01/07 22.00 Red 23/01/07 12.29
All badger in pens C1,C2,D,E & F were fed meal with red pellets at 17.00 on 22/01/07

C l 3506 Male 23/01/07 00.00 Blue 24/01/07 11.40
C l 8720 Male 23/01/07 00.00 Blue 24/01/07 11.50
C2 7426 Male 24/01/07 01.00 Blue 24/01/07 08.34
C2 9672 Male 24/01/07 01.00 Blue 24/01/07 08.51
All badgers in pens D,E,F were fed meal with blue pellets at 17.00 on 23/01/07

D 8201 Male 24/01/07 17.00 White 25/01/07 13.08
D 8468 Male 24/01/07 17.00 White 25/01/07 12.55
All badgers in pens E and F were fed meal with white pellets at 17.00 on 24/01/07

F 0433 Female 25/01/07 04.00 Orange 25/01/07 09.00
F 1149 Female 25/01/07 04.00 Orange 25/01/07 09.13
F 5234 Male 25/01/07 04.00 Orange 25/01/07 08.48

E 2094 Male 26/01/07 06.00 Green 26/01/07 08.46
E 3163 Male 26/01/07 06.00 Green 26/01/07 11.42
E 9506 Male 26/01/07 06.00 Green 26/01/07 08.33
E 9990 Male 26/01/07 06.00 Green 26/01/07 11.33
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Pen B adger  ID

4:52
09:07
08:49

2:29
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08:34
08:5

09:00
09:13
08:48
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08:33

17:00 04:00 7:0017:00 22:00 17:00 00:00 0 : 0 020:00
ThursdayTuesday W ednesdayMondavSunday

Time o f  Feed 
Day o fF e e d

Figure 7.1 G raphical representation o f  feeding tim es, colour pellets and euthanisation tim es o f  badgers, as detailed in T able?. 1. Each row 

represents a badger, ending at tim e o f  euthanasia. Coloured blocks indicate a feeding tim e, with the colour indicating the colour o f  pellets 

used for each feed.



7.2.5 Passage time o f food items through the gastrointestinal tract

Passage time refers to the time required for a marked food item to pass from the mouth 

to the anus (Mautz and Petrides, 1971). However, for the purpose o f this study passage 

time was estimated from the time food was put into the pens, that is time o f last feed 

(Table 7.1; Figure 7.1) to the time the badgers were euthanased. Consequently, passage 

time was biased towards the longest period o f time food items could be present in the 

gastrointestinal tract. This calculation may have led to overestimation o f passage time, 

as badgers may not have consumed food immediately. Indeed badgers could have 

consumed food at any time during the night after the food was put into the pen. On 

occasions when pellets were completely absent from all parts o f  the gastrointestinal 

tract, passage time o f food items could not be calculated.

7.2.6 Analysis o f gastrointestinal tract

At post mortem examination the gastrointestinal tract o f each badger was removed and 

stored in a 10% buffered solution o f formalin in water. Each gastrointestinal tract was 

cut open from the stomach to the posterior end o f  the colon and divided into three 

sections; the stomach, small intestine and colon. When food was present in a section, 

the contents were removed and stored. All three parts o f  the tract were analysed in the 

same manner as described in sections 2.2.3 and 2.2.4.

7.2.7 W eather conditions

Met Eireann provided data on rainfall and temperature during the experimental week 

(Table 7.2).



Table 7,2 Weather conditions on nights when pellets were included in the diet of all

badgers during the study week (21st of January 2007 to 26th of January 2007)

Day Date Colour of Pellet 
included in food

Rainfall
Mm

Maximum
Temperature

Minimum
Temperature

Sunday 21/01/07 Yellow 0.6 6.4 2.2
Monday 22/01/07 Red 2.9 5.9 0
Tuesday 23/01/07 Blue 0 4.3 -1.0
Wednesday 24/01/07 White 0 6.5 1.8
Thursday 25/01/07 Orange 0 6.0 0.1
Friday 26/01/07 Green 0 7.2 1.8
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7.3 RESULTS

With the exception o f badgers 7163 and 8720, all badgers had food present in one or 

more sections o f  the gastrointestinal tract. For interpretation o f  the results, badgers were 

divided into two groups, those where pellets were present in the gastrointestinal tract 

(Table 7.3.a) and those where pellets were completely absent from the gastrointestinal 

tract (Table 7.3.b).

Where pellets were present (Table 7.3.a), analysis o f the gastrointestinal tracts showed 

that only one badger had stomach contents containing items from the food provided. 

This allowed an estimate o f the time for movement o f the food items from the stomach 

into the small intestine, giving a maximum passage time o f 7h and 51 min.

Passage time for food items to move from the small intestine to the colon took between 

l l h  40min and 13h 39min (Table 7.3.a). Food items were present in both the small 

intestine and colon o f badger 8201 for up to 20h and 8min but at this time all pellets 

were present in the colon. Badger 3717 had pellets present in its colon as well as 

earthworms, beetles and vegetation, indicating a passage time o f up to 40h and 20min 

(Table 7.3.a).
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Table 7,3.a Estimated passage time o f food items and the presence o f coloured pellets in 

various sections o f the gastrointestinal tract o f 10 badgers. Passage time is biased

towards the maximum time the food items were in the gastrointestinal tract.

Badger 
tag ID

Passage
Time

Position Pellet
colour

Earth-
Worms

Red
Flour
Beetles

Wax
Moth
larvae

Meal
Worms

Cattle
Feed

Vegetation Other food items 
present

9672 - Stomach No
pellets

0.118 0 0 0 Yes Yes Carabid larvae & 
straw

7hrs
S lm ins

Small
Intestine

W hite
pellets

1.091 0 0 0 Yes Yes No

3506 - Small
Intestine

No
pellets

0.623 0 0 0 Yes No No

1 Ihrs 
40mins

Colon Blue
pellets

1.336 1 0 0 Yes No Clay

3788 13hrs 
1 Im ins

Small
Intestine

Yellow
pellets

0.408 0 1 0 Yes No Clay

13hrs 
1 Im ins

Colon Yellow
pellets

1.720 0 0 0 Yes No Clay

1849 13hrs
39mins

Small
Intestine

Yellow
pellets

0.259 1 0 1 Yes No No

13hrs
39mins

Colon Yellow
Pellets

0.074 0 0 1 Yes No No

7698 18hrs 
3 Im ins

Colon Yellow
pellets

0.244 2 7 16 Yes Yes No

8201 - Small
Intestine

No
pellets

0.133 1 2 1 Yes Yes No

20hrs
8mins

Colon W hite
pellets

4.98 2 1 0 Yes Yes No

2396 36hrs
49mins

Colon Yellow
pellets

0.727 1 4 6 Yes Yes No

2040 37hrs
07mins

Colon Yellow
pellets

0 1 1 3 Yes No No

5234 39hrs
48mins

Colon Blue
pellets

0.059 0 1 1 Yes Yes Noctuid larvae 
& clay

3717 40hrs
20mins

Colon Yellow
pellets

0.868 2 0 0 No Yes Clay

10% o f badgers had earthworms, cattle feed and carabid larvae present in their stomachs.

Earthworms and cattle feed were present in 50%> o f the badgers’ small intestines, while

20% o f badgers had red flour beetles, wax moth larvae, mealworms and vegetation

present in their small intestine (Table 7.4.a). In the colon, 80% o f badgers had

earthworms and cattle feed present, while 50% had wax moth larvae, mealworms, and
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vegetation present. Red flour beetles were present in 60% o f the badgers’ colons, while 

10% foraged independently o f food provided and consumed noctuid larvae (Table 7.4.a).

The absence o f  pellets and food items in the gastrointestinal tract o f badgers in pen E 

indicated that badgers did not consume any o f the food provided for them the night 

before they were euthanased (Table 7.3.b). The badgers did forage independently in the 

pen consuming carabid larvae, earthworms and a rat {Rattus rattus). However it is not 

certain when these food items were consumed. Similarly, in Pen F there was an absence 

o f pellets from the previous night’s feed in all o f the gastrointestinal tracts, although 

badger 5234 had pellets in its colon indicating that it had last fed on food provided two 

nights previously (Table 7.3.b). Badgers in Pen F also foraged independently and 

ingested noctuid larvae and carabid adults and larvae.

Badgers 1711, 5572, 7426 and 8468 all had traces o f food items from the food provided 

in their colon, however pellets were absent so passage time could not be estimated.
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Table 7.3.b The position o f food items in the gastrointestinal tract o f 10 badgers when 

pellets were absent from the whole gastrointestinal tract

Badger 
tag ID

Pen
N um ber

Position Earth-
Worms

Red
Flour
Beetles

Wax
Moth
larvae

Meal
W orms

Cattle
Feed

Vegetation Other food items 
present

1711 A1 Colon 0.059 0 1 0 Yes Yes No

5572 B Colon 0.489 0 0 0 Yes No Clay

7426 C2 Colon 0 0 0 1 No No Clay

8468 D Colon 0.200 0 0 0 Yes Yes No

2094 E Stomach 0 0 0 0 No No Straw and rat
Small 0 0 0 0 No No Straw and rat
Intestine

3163 E Colon 0.111 0 0 0 No No Straw and clay
2 Carabid larvae, 1
Carabid adult

9506 E Small 0.014 0 0 0 No No 1 Carabid larvae &
Intestine clay
Colon 0.007 0 0 0 No No Clay

9990 E Colon 0 0 0 0 No Yes 1 Carabid adult

0433 F Colon 0.259 0 0 0 No Yes 1 Noctuid larvae &
clay

1149 F Colon 0.155 0 0 0 No No 3 Carabid adult & clay

In pen B there were no pellets present in any o f the gastrointestinal tracts. Incidentally, 

this pen’s food was provided on the night o f highest rainfall and lowest temperatures 

(Table 7.2).
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Table 7.4 Proportion o f  badgers with each food item present in part o f the 

gastrointestinal tract when pellets were present (Table 4.4.a) and when pellets were 

absent (Table 4.4.b)

Position Earth-
Worms

Red
Flour
Beetles

Wax
Moth
larvae

Meal
Worms

Cattle
Feed

Vegetation Other food 
items present

Table 4,4.a
Stomach 10% Absent Absent Absent 10% 10% 10%

Small
Intestine

50% 20% 20% 20% 50% 20% Absent

Colon 80% 60% 50% 50% 80% 50% 10%

Table 4.4.b
Stomach Absent Absent Absent Absent Absent Absent 10%

Small
Intestine

10% Absent Absent Absent Absent Absent 20%

Colon 70% Absent 10% 10% 30% 30% 40%

10% o f badgers had other food present in its stomach, which in this case was a rat. In the 

small intestine, 10% o f badgers had earthworms present while 20% had other food items 

present, namely rat and carabid larvae (Table 7.4.b). Most badgers lacking coloured 

pellets nonetheless had food items present in the colon; 70%> had earthworms present, 

30% had cattle feed and vegetation present, while 10%> had wax moth larvae and meal 

worms present. O f these badgers, 40% had other food items present, namely carabid 

adults, carabid larvae, and noctuid larvae (Table 7.4.b).
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7.4 DISCUSSION

It is speculated that passage time from ingestion to the small intestine for earthworms, 

cattle feed, and plant litter took a maximum o f 8 hours. However this speculation is very 

limited as only one animal had pellets present in its stomach allowing for estimations to 

be made. The absence o f wax moth larvae, mealworms, and red flour beetles in both 

stomach and small intestine suggests that these food types moved more quickly through 

the gastrointestinal tract. Although these items were presented mixed together with other 

food sources (earthworms, cattle feed, vegetation, pellets and golden syrup) it is possible 

that badgers only consumed parts o f the food provided or that rain separated food items 

and pellets. However rapid passage time o f these insect larvae is supported by the fact 

that a large proportion o f badgers had wax moth larv'ae, mealworms, and red flour 

beetles present in their colon. This result would imply that badgers do not use their 

stomachs as a storage organ, a function that has previously been described in other 

animals, for example wolves and dogs (Young, 1944; Whitney, 1948). The benefit o f 

using the stomach as a storage organ would be a continuous supply o f nutrients during 

periods o f food deprivation, thereby causing less drastic shifts in blood glucose levels 

(Harlow, 1981). The passage time o f food items from the stomach to the small intestine 

and into the colon is o f interest when considering the stomach contents from badgers 

caught in restraints (such as the badgers used to describe the diet, chapter 3). It could be 

suggested that if  food items had a rapid passage time from stomachs badgers were in the 

restraints for a maximum of 8 hours. Indeed the stomachs were often full, and at times 

swollen with seasonal insect larvae, especially in April, May, October and November, 

indicating an even shorter time period in the restraints. In addition, this suggests that 

badgers were caught on the way back to their setts in the early hours o f the morning. 

However this is just speculation and would need further investigation
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Earthworms, red flour beetles and vegetation were the only food types with traces still 

present in the colon after almost 40 hours. These food items were found in the colon o f a 

large proportion o f badgers. Interestingly, these three food types were analogous to those 

that had a high frequency o f occurrence in the diet o f wild badgers (chapter 3). This 

would suggest that traces o f these food types have a longer retention time in the colon, 

and perhaps are released more slowly compared to wax moth larvae and mealworms. 

These categories, therefore, may have been overestimated in the faecal samples. This 

theory is supported by research carried out by Treacy and Crawford (1981) on the diet o f 

marine mammals. They found that hard parts o f prey, i.e. bones and otoliths, remained in 

the digestive tract longer than soft parts, i.e. organs and tissues. In the case o f  the current 

study, earthwonns were represented by their distinctive indigestible chaetae, while 

beetles were often represented by their chitin.

Badgers in Pens E and F were provided with food at 4am and 6am, respectively, on the 

day they were euthanased. However due to the lack o f  relevant coloured pellets in any 

part o f these badgers’ gastrointestinal tracts it could be suggested that they did not ingest 

the food provided at these times. This suggestion is supported by research carried out in 

Poland where it was found that badgers emerged from setts at 19:00 hours and returned 

to the setts at 03.42 with highest level o f activity between 20:00 hours and 03:00 hours 

(Kowalczyk et al., 2003). If  badgers do not forage after 4am and return to their setts, this 

would support the possibility that badgers with stomach contents are caught in restraints 

on the way back to the setts after a night foraging at around 03.00 hours.

Interestingly, there was an absence o f red pellets in gastrointestinal tracts o f all studied

badgers regardless o f  what time they were provided with food. Red pellets were

included in the food on the night that recorded high rainfall and low temperatures. This

would suggest that the badgers, at least in captivity, avoided foraging in inclement
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weather. This suggestion is supported by the observation that yellow pellets were the 

most common colour found which were included in the diet on the mildest night 

recorded during the study week. It had previously been reported that badgers are 

relatively inactive during the winter months and increase activity with increasing 

temperatures in spring (Cresswell and Harris, 1988; Roper, 1994; Neal and Cheeseman, 

1996). The effect o f weather conditions on foraging behaviour o f badgers in Ireland is 

investigated further in chapter 4.

Whilst in captivity, badgers spent time digging and foraging through the soil and 

vegetation in their pens, a possible reason for the animals doing so could be due to 

boredom. While digging was not directly observed, the signs o f fresh badger activity 

were clear in the pens each morning. The impression that badgers foraged independently 

in their pens during the night was further supported by the observation o f  invertebrates 

in the gastrointestinal tract. This indicated that on occasion badgers consumed noctuid 

larvae and carabid adults and larvae, which were not offered in the food provided. These 

are the same food types consumed in wild populations during autumn and winter 

(chapter 3). The finding o f noctuid and carabid larv'ae also exemplifies how widespread 

both types o f larvae are, indicating the reliability o f the food source. The fact that a rat 

was consumed supports the description that badgers show opportunistic behaviour.

The study presented here estimated passage time o f food items from small intestine to

colon as ranging from between 11 hours to 21 hour. Even though these times are

approximations and most likely overestimated, they give some indication o f possible

passage time in Eurasian badgers. Other Mustelids that have been previously studied and

are known to have rapid passage times and low assimilation efficiency include North

American badgers {Taxidea taxus), which have a passage time o f between 8 and 9 hours

(Harlow, 1981). Mink (Mustela vision), and least weasel {Mustela rixosa) were found to
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have a very rapid passage time o f 3 to 4 hours, with their droppings containing much 

undigested food (Short, 1961; Errington. 1967; Moors, 1977). These studies have shown 

that passage time, and consequently assimilation efficiency, can be affected by many 

factors, one o f which is the anim al’s feeding behaviour, particularly if  the animal 

displays gorging. Many o f the passage time studies are conducted on captive animals, 

which are fed on controlled amounts o f food and so are unable to display natural 

foraging behaviour. In wild populations, badgers can feed freely and ad libitum  when 

food is abundant, consequently they could consume more food than presented to them in 

the feeding trials. Indeed, Kruuk (1978) suggested that badgers require 169 earthworms 

per night for survival. Goodman-Lowe et al. (1997) found that in marine mammals, 

passage time o f  food items through the gastrointestinal tract was shortened as meal size 

increased, since a fuller gastrointestinal tract causes an increase in peristalsis. It is, 

therefore, probable that badgers’ natural passage time is faster than the maximum values 

established in this study.

Badgers in Ireland appear to display a feeding strategy where during periods o f high 

prey abundance they consume large volumes o f  prey, therefore needing to digest and 

assimilate large quantities o f food. As previously discussed in chapter 3, this includes a 

very high occurrence and bulk o f seasonal larvae; tipulid larvae in spring and noctuid 

larvae in autumn and winter, and it could be speculated that at times the insect larvae 

were gorged upon. When the larvae were observed in faeces, some o f  them were, on 

occasion, whole and seemed to have undergone little digestion. This would indicate 

rapid passage time, perhaps as a result o f gorging when these larvae are highly abundant 

resulting in low assimilation efficiency and hence food wastage. The possibility o f  low 

assimilation efficiency in badgers is further supported by the large amount o f plant litter 

(grasses mainly) found in the diet o f Irish badgers (chapter 3). Hungate (1966) found
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that plant material, particularly grass, which has high fibre content, can slow down 

passage time o f food items through the gut o f ruminant animals. In support o f this, Sibly 

(1981) found that high fibre, or indigestible materials, were slow to process and thus 

passed slowly through the gut o f animals. Consequently, it could be speculated that plant 

material, such as grass, may be consumed purposefully by badgers to reduce the rate o f 

passage time thus increase assimilation efficiency. Indeed, Lampe (1976) found 

assimilation efficiency in North American badgers to be negatively correlated with 

biomass o f food consumed. Using dietary information from chapter 3, negative 

correlations were recorded between plant litter and the dominating insect larvae, (winter: 

plant litter and noctuid larvae rj = -0.580, N = 212, P < 0.000; spring: plant litter and 

tipulid larvae = -0.584, N = 230, P < 0.000; autumn: plant litter and noctuid larvae rj = 

-0.435, N = 167, P < 0.000). This supports the speculation that when the number o f  high 

quality insects decreases in the environment, badgers may purposely increase their 

intake o f plant litter to ensure higher assimilation efficiency o f the remaining foods by 

slowing down passage time.

When food is scarce, animals behaviourally and physiologically adapt to conserve 

energy stores. During spring and autumn, seasonal insect larvae were captured in large 

quantities and possibly consumed rapidly, resulting in potentially inefficient assimilation 

o f some o f the larvae. It is speculated that when these larvae were scarce, assimilation 

efficiency was purposefully increased by ingesting plant litter, thereby enabling the 

badger to increase energy stores and maintain better body condition. A further 

understanding o f passage time and a detailed study o f assimilation efficiency would help 

to determine if  this speculation is accurate. Bearing the many limitations o f this 

preliminary study in mind, the overall results and consequent speculations raised have 

resulted in some interesting ideas o f badgers’ dietary behaviour.
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Chapter 8. General Discussion 

8.1 DISCUSSION

The primary aim o f this study was to describe and investigate the diet o f badgers in the 

Republic o f Ireland. This aim was achieved in chapter 3 when the dietary components 

were identified, and their relative intake (as indicated by their frequency o f occurrence 

and pre-ingested bulk) described in detail. It was concluded that the foraging behaviour 

o f badgers in the Republic o f Ireland could be described as that o f a generalist. The 

range o f  different food categories consumed supports this type o f  foraging behaviour. 

Food categories that were consumed in relatively high frequency o f occurrence and pre

ingested bulk were tipulid larvae in the spring, Anura and Aculeata during the summer, 

and noctuid larvae in autumn and winter. Both tipulid and noctuid larvae are well 

established agricultural pest species, occurring in great abundance on pasture (Jones and 

Jones, 1984), and consequently it could be speculated that they are a reliable food 

source. It may be that badgers frequently consumed these larvae due to ease o f capture. 

They may have a high fat content, so when they are available in the environment they 

are predated upon. However, this is just speculation as availability in the environment 

had not been directly tested and the calorific values o f the larvae were unknown in this 

study. In addition, the finding that noctuid larvae were found significantly more in 

stomachs o f  badgers o f high body condition, while tipulid larvae were found in badgers 

o f low body condition, emphases the importance o f discovering what the nutritional 

value o f these insects groups and other food items (carabid larvae and adults, Anura) is. 

Badgers also predated on Lumbricidae, carabid adults. Mammalia, Aves, and 

Gastropoda were consumed in low bulk and also occur on pasture.
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As the majority o f  dietary studies use faecal samples when determining diet, it was 

deemed important to show comparisons between the diet as presented by stomach 

contents and as presented by faeces. As a general rule, the further through the digestive 

process food items pass, the greater the chance o f inaccurate assessment o f  the diet 

because o f the differential digestion and passage time o f items through the 

gastrointestinal tact. Thus one o f the main difficulties when assessing diets based on 

fragments found in faeces is the effect o f  differential digestion, which may skew both 

the relative and absolute amount o f the food items present (Roper, 1994). Culled 

individuals that had both stomach contents and corresponding rectal faecal samples 

present were chosen, allowing for a direct comparison o f these two sources o f  dietary 

information. As results from passage time experiments found that food items seem to 

pass quickly through the stomach, the contents o f  the stomachs would represent food 

acquired within a short time o f samples being obtained, while in contrast faecal samples 

represent the food ingested over a much longer period o f time, maybe a day or so.

Results from the study showed that while the overall picture o f the diet was similar when 

considering samples from the stomach and rectal faeces, there were quantitative 

differences in the estimation o f some food categories. The contribution o f  most o f the 

major food categories eaten by badgers was underestimated by the analysis o f faeces, 

but Lumbricidae, carabid adults and plant litter were overestimated. As previously 

discussed in Chapter 7, Lumbricidae, carabid adults and plant litter were the last food 

categories present in the colon as a result o f long retention time. It was suggested that 

this might lead to these food items being overestimated in faecal samples.

It w'as proposed that stomach contents better reflect the variety, composition and relative

proportions o f ingested food. Even though badgers may display rapid passage time and

could potentially have low assimilation efficiency, there seems to be still enough
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digestion o f these larvae to cause significant differences between what is found in 

stomachs compared to the faeces. This adds support for using stomach contents when 

assessing the diet o f badgers (Chapter 3). However, often only faecal samples are 

available, and it is anticipated that awareness o f which food groups were overestimated 

and which were underestimated may help other researchers to construct more accurate 

pictures o f mammalian diets from faecal samples.

Despite the many studies that use faecal samples when considering diet, remarkably 

little appears to have been done to test the validity o f methods o f assessment in current 

use. Thus two o f the most common methodologies used in the literature were compared. 

The first method uses visual estimations, following a protocol recommended by Kruuk 

and Parish (1981). The second relies upon the application o f conversion factors to each 

food category to calculate a percentage fresh weight biomass (Reynolds and Aebischer, 

1991; Goszczyhski et al., 2000). Rectal faecal samples were collected from culled 

badgers and, using both methodologies, results were compared with the diet, as 

determined from stomach contents. Through the assumption that stomach contents are 

closer to the true diet as shown in the above study, which technique o f faecal analysis 

gave a stronger reflection o f the true diet was established. It was found that visual 

estimations provided a more accurate account o f the diet than the use o f conversion 

factors.

While investigating the diet in chapter 3, it was found that there was a high occurrence

and high bulk o f  plant litter in the diet, while Lumbricidae and carabid adults appeared

in low bulk albeit in high numbers o f badgers. A result o f the passage time study was the

finding that food items appeared to pass rapidly from the stomach into the small

intestine and were present in the colon in less than 21 hours after ingestion. Badgers in

the wild, at times o f  high insect larvae abundance may gorge, leading to rapid movement
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of food through the gastrointestinal tract. Gorging can result in low assimilation 

efficiency and consequently food wastage, as observ^ed in other animals for example 

North American mink and the least weasel (Short, 1961; Errington, 1967; Moors, 1977). 

If this is the case, it is possible that insect larvae which may have a high fat and protein 

content are chosen in order to compensate for potential rapid passage time and low 

assimilation efficiency. This idea was explored further and it was suggested that plant 

litter might be ingested on purpose to help reduce passage time when low numbers of 

insect larvae were ingested in order to ensure higher assimilation efficiency. This 

suggestion is supported by a study by Hungate (1966), who found that vegetation can 

slow passage time o f food through the gut of ruminant animals. In addition, Sibly (1981) 

suggested that when an animal is fed foods that are slow to process, owing to high fibre 

or indigestible material content, passage time is reduced.

The suggestion that badgers ingest plant litter for this purpose was further supported by 

the discovery that when the bulk of insect larvae consumed decreased, badgers increased 

their intake of plant litter. As discussed in chapter 4, badgers have high body condition 

in winter despite a high intake of plant material and low intake of animal material. The 

suggestion that badgers ingest plant litter to slow dow'n passage time, thus increasing 

assimilation efficiency, could provide a reason for high body condition in a period of 

low prey abundance. However, the finding of bracken roots in a small sample of 

stomach and faeces could imply that badgers are ingesting certain types of vegetation on 

purpose. Bracken store food in the rhizomes part of the plant and therefore act as a food 

source for certain animal (Marrs et al., 2007). It could be speculated that badgers 

consume rhizomes during the winter months when the plant has died back. If this 

speculation was true, this could help explain why badgers have high body condition 

during the winter months when there was a decrease in animal material consumed.
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Another possible reason for the high levels o f plant litter in the diet could be due to self- 

medication. Plant litter ingestion by animals, in particular whole leaves, has been 

associated with the presence o f tapeworms in faeces o f chimpanzees {Pan troglodytes), 

Canadian snow geese {Anser caerulescens) and Alaskan brown bears {Ursus arctos) and 

with roundworms in dogs (Huffman, 1997). According to Huffman and Caton (2001) 

chimpanzees swallow leaves before the first meal o f the day. They suggested that 

physical irritation produced by bristly leaves swallowed on an empty stomach increases 

motility and secretion resulting in diarrhoea which rapidly moves leaves through the 

gastrointestinal tract. This action results in dislodging parasites due to the secretion and 

the scouring effect o f rough leaves. Badgers are a host stage for many species o f 

helminths and are prone to infection and transmission o f  parasites owing to their diet 

(invertebrates can be intermediate host species), feeding behaviour (fossorial), as well as 

the species social behaviour (anal scent marking o f group members and living in high 

densities) (Torres et al., 2001; Rosalino et al., 2006). It is currently unrecorded or 

described in the literature whether badgers purposely consume whole leaves on empty 

stomachs to dislodge these parasites.

Much further work is needed to establish what type o f “plant litter” is consumed and 

could any o f it be consumed on purpose and if  so why (section 8.2).

This thesis has given a very detailed account o f  and insight into the diet o f  badgers in the

Republic o f Ireland, a previously unstudied area. However, in order to gain a better

understanding o f the diet o f badgers in general, it is important to explore these findings

in conjunction with studies conducted elsewhere. Chapter 1 examined two previously

conducted literature reviews (Roper, 1994; Roper and Mickevicius, 1995) and compared

their findings with a review o f published literature since these reviews (post-1994). The

results o f  the reviews were consistent with results from Ireland, insofar as Irish badgers
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consumed a wide variety o f food types. Roper’s (1994) review suggested that badgers 

tend to be more reliant on a diet composed mainly o f animal foods in winter and spring 

and vegetal foods (fruits and cereals) in summer and autumn. The review o f post-1994 

dietary studies agreed with this suggestion, with the exception o f  the diet in summer 

where it was found that animal material was the dominant food source. The results from 

the study o f the diet o f  badgers in Ireland differ from the summary findings o f  reviews 

(Roper 1994; Roper and Mickevicius, 1995; post-1994 dietary review as presented in 

Chapter 1) insofar the diet is composed mainly (if plant litter is ignored) o f  animal 

material in all seasons and fruits and cereals did not make up an important part o f  the 

diet in summer and autumn. Indeed in autumn the diet was very much dominated by 

noctuid larvae.

The study o f the diet o f  badgers in Ireland found that similar to certain studies carried 

out in the Britain (Kruuk and Parish, 1981; Skinner and Skinner, 1988; Palphramand et 

al., 2007) and in Mediterranean regions (Martin et al., 1995; Fedriani et al., 1998; 

Virgos et al., 2004) a single prey category was important in the diet o f  badgers in Ireland 

throughout the year. The finding was o f high occurrence and bulk o f  insects in the diet in 

Ireland. There was also a lack o f high earthworm bulk is in contrast to Goszczynski et 

al. (2000) who suggested that earthworms would increase in the diet o f  badgers at high 

latitudes (55-63“N). Also suggested by Goszczynski et al. (2000) was that badgers 

consume vertebrates more frequently in northern latitudes compared to southern 

latitudes. With regards to Ireland, this suggestion was not true, as vertebrates contributed 

very little in terms frequency o f occurrence and in terms o f pre-ingested bulk.

The relative insignificance o f earthworms in the diet o f badgers in Ireland is o f particular

interest, as earthworms have been consistently reported as an important food item in

British populations (Neal and Cheeseman, 1996; Kruuk and Parish, 1981; Shepherdson
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et al., 1990; Palphramand et al., 2007). In England, Lumbricidae were found to make up 

a large proportion o f  the diet in all seasons (Shepherdson et al., 1990; Palphramand et 

al., 2007) although in summer, badgers increased their consumption o f cereals to 

compensate for decrease in availability o f Lumbricidae (Shepherdson et al., 1990). In 

Scotland Kruuk and Parish (1981) claimed that badgers were earthworm specialists and 

supported this claim by showing that badgers compensated for fluctuations in earthworm 

availability by intensifying their foraging efforts, i.e. they worked harder to find 

earthworms when availability was low and do not switch to another food type. A 

possible explanation for the lack o f earthworms in the diet was suggested in Chapter 3; 

long grass on Irish pasture may make it harder for badgers to forage for earthworms. In 

Britain, the foraging mechanism used by badgers in predating earthworms has been 

described as the animal ingesting earthworms directly from the surface o f the pasture 

(Cheeseman and Neal, 1996). It may be speculated that this foraging mechanism could 

be due to shorter grass length on British pasture, which makes it easier for badgers to 

predate on earthworms. It is possible that badgers in Ireland display a foraging 

mechanism similar to badgers in Italy who also consume insect larvae by digging and 

rooting for larvae by over turning the soil (Pigozzi, 1989). However this is speculation 

and further studies would need to be conducted to assess if  it is true (see section 8.2).

All o f the papers reviewed in Chapter 1 and the results o f this current study reveal a lack 

o f consistency o f  the prey items consumed across different regions. That is, the prey 

items which fall under the categories o f  animal foods and vegetal foods. Roper (1994) 

noted that while the diet was typically dominated by no fewer than three o f the major 

food types, the importance o f  the prey items differed across the studies. For example, 

earthworms and amphibians dominated the diet in France (Henry, 1983) w'hile in Italy 

insects and fruits dominated the diet (Pigozzi, 1991). Roper and M ickevicius (1995)

157



noted that across the 69 studies reviewed in the former USSR that the key food 

categories were insects and small mammals, which often varied in terais o f importance 

from region to region. In central Russia small mammals made up the bulk o f the diet 

while in south-western Russia, insects were more important. The review o f European 

literature post-1994 further supports the lack o f  consistency in prey items between 

regions. In northwest Italy the diet was composed o f  earthworms and fruits (Balestrieri 

et al. 2004) while in Denmark earthworms and mammals dominated the diet (Madsen et 

al., 2002).

The variation in the identity o f key prey items is further illustrated within this study by 

the role earthworms play in the diet. While earthworms were found to be relatively 

unimportant to Irish badgers there are many studies from Britain which support the high 

level o f earthworms in the diet o f badgers in terms o f bulk as discussed above, while 

papers from the former Soviet Union (Roper and Mickevicius, 1995) and in parts o f 

Spain [Martin et al., 1995; Fedriani et al., 1998) suggest that earthworms are not as 

prominent in the diet.

The prime importance o f insect larvae to the Irish badger is not consistently reported in 

literature for other areas, especially in the Britain (Kruuk and Parish, 1981; Shepherdson 

et al., 1990; Palphramand et al., 2007). However badgers did intake o f  other food items 

such as Lumbricidae, mammalia, cereals throughout the year in possibly an opportunist 

manner This evidence would appear to support Roper’s (1994) assertion that badgers are 

generalist foragers.

In conclusion the results o f this detailed study into the diet have shown that badgers in 

Ireland can be described as generalist foragers. This description seems to be particularly 

relevant when the diet o f badgers in Ireland is taken in context with dietary studies

158



carried out elsewhere, as discussed above. It could be tentatively suggested that badgers 

consume what is available in its habitat instead o f pursuing a particular food item across 

its range. Questions still remain to be answered in order to fully understand the anim al’s 

dietary behaviour (see section 8.2). However, the findings presented in this study do fill 

a gap in the literature as to the diet o f badgers in Ireland and in addition suggest other 

factors that may affect dietary choices, thus expanding the integral understanding o f 

badger ecology.
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8.2 FUTURE DIRECTIONS

A quantitative ecological survey could be conducted which would assess diversity and 

relative abundance of all potential food sources. One possible way this could be 

accomplished is by placing a high number of pitfall traps in active badger habitats and 

leaving them open for a number of days. Rosalino et al. (2005) recommend 8 

consecutive days per season. Soil invertebrates could be assessed in a precise manner, 

perhaps by conducting a quantitative soil scraping in each active badger habitat. 

Quantitative measures of the other foods available in the habitat, such as berries and 

nuts, would also be needed. If such measures were taken, the foraging ratio and Ivlev’s 

Index of Electivity as modified by Jacobs (1974) could be used as measurements to 

quantify food selection. Caution should be taken as these measurements are significantly 

biased when the sizes of the prey samples from the gut of the predator and the habitat are 

unequal (Strauss, 1979).

Another aspect of the study for which clarification is highly desirable is the question of 

passage time of food items through the gastrointestinal tract of badgers. Although 

chapter 7 provided some information about movement of food items through the 

gastrointestinal tract, the precise passage times were not obtained, as the exact times at 

which the badgers ate the food were not available. This could be rectified by observing 

the badger pens throughout the night, either directly or by video, and recording what 

time badgers actually began feeding on the food provided for them.

Assimilation efficiency of foods consumed by the captive badgers could be gauged 

using a bomb calorimeter to determine the calorific content of foods before ingestion 

and again in faeces. Also the assimilation efficiency could be tested on a wild badger 

population by determining the calorific content of the main prey items such as tipulid

160



and noctuid larvae, which can be easily collected from pasture. These could then be 

compared to the calorific content o f faecal samples. This would help give a clearer 

understanding o f assimilation efficiency in badgers.

The nutritional value o f plant litter (grasses, bracken rahozine etc.) found in the diet 

could also be measured using a bomb calorimeter to asses if  badgers are getting any 

nutrition from the litter and therefore consuming it on purpose. This would be very 

useful in helping to explain why plant litter appears in such high occurrence and bulk.

The narrow niche breadth found in Irish badgers and the consumption o f high-quality 

food may also compensate for low assimilation efficiency, however assimilation 

efficiency in badgers would need to be studied further to prove this. In addition, a study 

showing whether the assimilation efficiency increased in badgers when the diet o f larvae 

was accompanied by vegetation would be very useful. Another factor that would need to 

be taken into consideration is the average daily metabolic rate o f the animal at time o f 

study, as metabolic rate is directly related to passage time and assimilation efficiency 

(Moors, 1977). Daily metabolic rate can be affected by many factors including gender, 

reproductive status, age, body weight and temperature.

To provide a more comprehensive study o f the movement o f badgers whilst foraging and 

to establish if weather conditions affect movement and therefore foraging behaviour, a 

number o f badgers could be radio-collared. This would allow for their foraging pattern 

and activity to be described and understood better. In addition, close observation o f  the 

foraging animals would allow badgers’ digging behaviour whilst foraging to be observed 

and studied as described by Pigozzi (1989). It may also be possible to assess whether 

they purposefully eat plant litter such as grasses, roots o f plants, and wood, and if  so, 

whether there are any particular trends in when they do so. Successful radio tracking
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studies have been carried out on English populations of badgers (for example Woodroffe 

and Macdonald, 1995b; Roper et al., 1995; Rodriguez et al., 1996; Roper et al., 2001) 

and have proved very effective. However, radio collars can have an adverse effect on 

badgers as reported by Tuyttens et al. (2002). This study found that there was an 

apparent association between the time for which the individual had worn a radio-collar 

and low body condition. This adverse effect is not unique to badgers as deterioration in 

physical condition associated with newly attached transmitter packages has been 

observed in mallards {Anas platyrhynchos) and blue winged teal {Anas discors) 

(Greenwood and Sargeant, 1973), canvasbacks {Aythya valisineria) (Perry, 1981) and 

San Joaquin kit foxes {Vulpes macrotis mutica) (Cypher, 1997). This is worth 

considering when using radio collars on badgers, in particular during times of poor body 

condition such as during the summer months or when badgers are attempting to put on 

weight during winter in preparation to breed as discuss in Chapter 4. Such a study would 

allow a number of questions could be consider -  would overnight rain encourage or 

discourage foraging? Would animals in high body condition be under less pressure to 

feed under adverse weather conditions, while those in low body condition are required to 

forage irrespective of the weather?

All of the faecal samples used in this study came straight from the rectum, and so were 

not exposed to environmental or weather conditions. It would be interesting to collect 

faeces from latrines and compare the dietary components to that of rectal faeces. This 

would allow an assessment of loss of dietary components due to weathering and 

exposure such as occurs in most faecal sample studies.
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