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Abstract. We investigated the annual and monthly patterns of earthworm consumption by wild boar in the
Maurienne valley (Alps, France). A positive correlation (R2 = 0.79) was found between weather conditions and
patterns of earthworm consumption. A positive correlation was also found between earthworm consumption rates
and the occurence of ‘worm nights’, an easy and direct measure of earthworm availability. 
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Introduction

Earthworms represent a substantial proportion of the animal
biomass in temperate ecosystems, often reaching 41.8 kg
ha–1 and corresponding to 45% of the metazoan biomass in
the soil (Bouché 1982). They play a key role in the trophic
chains of a given ecosystem, where they represent a
significant part of the diet of a large number of vertebrates,
from small insectivores (e.g. the hedgehog, Erinaceus
europaeus) to large carnivores (e.g. the brown bear, Ursus
arctos) (see Granval and Muys 1995 for review). On the
basis of the frequency of occurrence (FOC) of earthworms in
their diet, earthworm consumers have been classified as
occasional (FOC < 10%), regular (10% < FOC < 50%), or
primary (FOC > 50%) predators. According to this
classification, the European wild boar (Sus scrofa scrofa) is
defined as a regular predator of earthworms (Granval and
Muys 1995); this has been confirmed by dietary studies of
wild boar in a variety of habitats (Table 1). Estimation of the
dietary occurrence of earthworms has often been achieved
by counting or weighing earthworm fragments in stomach or
faecal samples; this method has been shown to
underestimate the actual number of worms ingested (Baubet
et al. 1997). The counting of earthworm setae (Bouché et al.
1984; Wroot 1985) in stomach or faecal samples has proved
to be a more reliable estimator of earthworms consumption
rates by wild boar (Baubet et al. 1997). Many studies have
assumed that wild boar or feral pigs obtain earthworms by
rooting or digging within the soil profile (Scott and Pelton
1975; Bratton 1977; Barrett 1978). Large areas of soil may
be disturbed by a single feral pig, e.g. 1.4–150 m2, as found

in tropical coastal rainforests in Australia (Pavlov and
Edwards 1995). Climate, especially rainfall, is known to
have a strong influence on the abundance and accessibility of
earthworms on ground surface favourable to earthworm
predator (MacDonald 1980; Kruuk and Parish 1981; Bouché
1982). Some authors have reported an increase in earthworm
activity, especially movements at the ground surface, after
heavy rainfall (MacDonald 1980; Bouché 1982). Earthworm
consumption may represent a substantial parameter of wild
boar ecology as earthworms contain high levels of dietary
protein that are important to the development of piglets and
the young during their growing stage (Henry 1987;
Choquenot et al. 1996). Earthworm consumption may
influence the growth and mortality rate of piglets and
influence the age of sexual maturity (Mauget 1982). In
addition, earthworms are intermediate hosts of parasitic lung
nematodes, and ingestion of earthworms may increase the
level of parasitism, which may affect the survival rate of wild
boar (Humbert and Henry 1989). The aim of this study was
to assess whether weather conditions, especially those
known to affect the accessibility of earthworms, influence
the rates of earthworm consumption by wild boar in a
mountainous area in France.

Material and Methods

Study area

The study area was located in the southern part of the Maurienne Valley,
French Alps, France (45°45′N, 6°45′E). Meteorological conditions in
the valley are characterised by low precipitation with the surrounding
mountains creating a rain-shadow effect. A mean annual precipitation
of 740 ± 190 (s.e.) mm was recorded between January 1986 and May
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1996 (data provided by a meteorological station of Météo-France,
altitude 1500 m). Average temperatures in this period ranged from
–0.4°C (s.e. ±2.2°C) in January to 15.0°C (s.e. ±1.2°C) in August.
Vegetation shows a typical mountainous gradation (D’Andrea et al.
1995), with chestnut (Castanea sativa) and oak (Quercus sp.) woods in
the lower part of the valley. Beech (Fagus sylvatica) is more abundant
at higher elevation and is often mixed with coniferous species (Abies
sp., Picea sp., Pinus sp., and Larix decidua). Various fruit trees such as
apple (Malus sp.), plum (Prunus sp.) and cherry (Prunus sp.) are also
present below 1500 m. Sorbus aucuparia is found between 1400 and
1800 m. This upper zone ends in shrub vegetation (Alnus viridis and
Rhododendron sp.) and alpine meadows, just below the rock limit.
Livestock (cows, sheep and goats) graze in alpine prairies from late
May to early November.

Methods

Faeces of wild boar were collected daily from March 1994 to April 1996
(Table 2), adjacent to wild boar trapping sites and on transects used
during radio-tracking surveys. Faecal samples were also collected
opportunistically in the various habitats within the study area. Tracks of
wild boar were followed and faeces collected near signs of recent boar
activity (rooting activity, fresh wallowing places, etc). Only clearly
delimited faeces were collected so each faecal sample could be
assumed to derive from one individual (Lynes and Campbell 2000).
Stomach samples were also removed from wild boars killed during the
hunting season (mid-September to mid-January), except during periods
of heavy snowfall. Stomach samples from three animals accidentally

killed outside of the hunting season (February and May) were also
collected (Table 2). All faecal and stomach samples were collected at
altitudes of 600–2400 m. Soft tissues of invertebrates are rapidly
digested, so only the hard setae of earthworms can be identified in the
faeces and in stomach samples (Baubet et al. 1997). All faecal and
stomach samples were washed though a series of five sieves of different
mesh-size (5 mm, 2 mm, 1 mm, 0.8 mm and 40 µm) following the
method described by Fournier-Chambrillon (1996). In this study, only
the fraction retained by the 40-µm sieve containing the earthworm setae
was counted. Following sedimentation for 24 h in graduated test tubes,
the 40-µm fraction was diluted in a 20% water solution. Sub-samples of
0.5 mL were extracted, mixed with 9.5 mL of water, placed in a cup
containing a counting grid under a microscope (×40) and all setae
counted. The total number of setae in the solution was defined as the
mean number of setae obtained from six successive counts. The total
number of ingested earthworms (M) was then estimated using the
formula derived by Bouché et al. (1984) as: 

M = 1077N / 8000n

where N is the number of setae in the sample (20% solution) and n is
the average number of metameres per earthworm in the study area; in
our case n = 125 (Baubet et al. 1997). 

The influence of weather conditions on the rate of earthworm
consumption was assessed using four different statistical approaches:

(i) First, the amount of earthworm consumption measured in
stomach and faecal samples was compared between months for each
year of the study. Sample data did not follow a normal distribution even

Table 1. Importance of worms in the diet of wild boar across a variety of habitats

Habitat % earthworms in diet Reference

Mountain forest, south Appalachian Mts, USA <5.4% by volume Henry and Conley (1972)
Subantarctic Auckland I. 28% on high country, 1% on the coast by 

dry weight
Challies (1975)

Mountains with forest area of complex vegetation pattern, GSMNP, 
Tennessee side, USA

<0.2% by volume Scott and Pelton (1975)

Coastal conifer/hardwood swamp, southern California, USA <3% of dry weight Wood and Roak (1980)
Agricultural land/woodland, north-eastern and western Poland <16% frequency of occurence Genov (1981)
Lava and dry tropical woodland, Santiago I., Galapagos 20% of 81 pigs Coblentz and Baber (1987)
Scrubland/oak forest, Algeria 26% frequency of occurence Klaa (1992)
Subantarctic Auckland I. 26.3% by dry weight Chimera et al. (1995)
Maquis scrubland/mediteranean coniferous forests, central Italy <5% frequency of occurence Massei et al. (1996)
Mountain forest/alpine meadows, Alps Mts, France 87.5% of 48 wild boar Baubet et al. (1997)

Table 2. No. of faecal and stomach samples collected during each month of the study period

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total

Faecal samples

1994 – – 1 3 5 35 12 17 28 12 29 6 148
1995 1 8 6 12 6 8 3 12 10 12 14 0 92
1996 13 19 22 10 – – – – – – – – 64

Total 14 27 29 25 11 43 15 29 38 24 43 6 304

Stomach samples
1994 – – – – – – – – 6 10 5 3 24
1995 – – – – 1 – – – 4 5 3 6 19
1996 4 1 – – – – – – – – – – 5

Total 4 1 – – 1 – – – 10 15 8 9 48

All samples 18 28 29 25 12 43 15 29 48 39 51 15 352
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after arcsine transformation. Monthly and annual variations in
earthworm consumption were tested using Kruskal–Wallis and
Mann–Whitney tests, respectively, following the procedures
recommended by Sokal and Rohlf (1969). 

(ii) Second, a principal component analysis (PCA) was performed
on nine climatic variables in order to summarise the monthly weather
characteristics into synthetic variables. Differences in earthworm
consumption were tested by a one-way ANOVA with Bonferroni/Dunn
post hoc tests (Sokal and Rohlf 1969). Simple and multiple regression
analysis was then used to investigate the relationship between average
earthworm consumption and the synthetic weather conditions
determined by the PCA. An AIC (Akaike Information Criterion)
method was used to select the regression model that offered the best
compromise between robustness and accuracy (Atkinson 1980;
Anderson et al. 2000). In order to account for the small sample size in
linear regression, a corrected criterion (AICc) was used (see Hurvich
and Tsai 1989 for details). The regression model that exhibited the
lowest AICc value was selected (Atkinson 1980) and the difference
between the AICc values (∆AICc) of the different models are reported
to facilitate interpretation following Burnham and Anderson (2001).

(iii) The monthly mean number of earthworms ingested was related
to monthly earthworm accessibility, defined as the percentage of ‘worm
nights’ during each month (Kruuk and Parish 1981). A ‘worm night’ is
defined where specific meteorological conditions favour the presence
of large nocturnal populations of earthworms at the ground surface
(McDonald 1980; Kruuk and Parish 1981). For a given month,
increasing rates of worm consumption are expected when the
percentage of ‘worm nights’ is also increasing. In this study, two types
of ‘worm nights’ were defined (WN1 and WN2) on the basis of climatic
conditions (Table 3). The relationship between the mean monthly
earthworm consumption and the percentage of  ‘worm nights’ per
month was tested using simple regression analysis. To account for
monthly differences in the number of individuals used to calculate the
average earthworm consumption, 1/σ2, where σ2 is the variance, was
used as a weighting for the regression (Burnham et al. 1987).

(iv) Earthworm consumption was compared at a finer temporal
scale by using the data for which the exact date of faecal collection was
known, i.e. faeces collected directly from the rectum of a dead animal
or faeces in traps from individuals captured during the previous
night-trapping session. The rate of earthworm consumption found from
the faecal samples was compared using multiple regression with
meteorological conditions (minimum and maximum temperature, and
precipitation) observed during the day (compared with trap samples) or
the day before (compared with samples from dead animals). The
correlation between earthworm consumption as determined from faecal
and stomach samples (obtained from dead individuals), which was
considered to represent two consecutive meals, was tested with a
Spearman Rank correlation test. Although transit time in the intestine

is dependent on the composition of the ingested food (Loungouedi
1989), a transit time of 24 h was selected so earthworm consumption
could be compared with the daily weather report.

Results

In total, 304 faecal and 48 stomach samples were collected.
The frequency of occurrence of earthworms in the stomach
and faecal samples was 87.5% and 93.8%, respectively.
Earthworms were found in faecal samples throughout the
study period (Fig. 1a). Rates of earthworm consumption
from faecal samples varied significantly between months for

Table 3.  Meteorological conditions required to define the two ‘worm night’ conditions used in this study

WN1: first case WN2: second case

Maximum temperature reaches 8–12°C (10°C is considered the 
optimum temperature for earthworm activity: Kruuk and Parish 
1981; MacDonald 1980)

Maximum temperature reaches 8.5–14.5°C (10°C is considered the 
optimum temperature for earthworm activity (Kruuk and Parish 
1981; MacDonald 1980) and Abdul Rida (1995) experimentally 
defined 14°C as the optimal temperature for activity of Lumbricus 
terrestris)

Minimum temperature does not drop below 0°C (Kruuk and Parish 
1981) 

Minimum temperature does not drop below 0°C (Kruuk and Parish 
1981)

Precipitation must have exceeded 2 mm during the previous 72 h 
(Kruuk and Parish 1981) or 1 mm during the previous 24 h (Kruuk 
and Parish 1981) or more than 10 mm during the night or days 
(arbitrary decision according to MacDonald 1980)

Precipitation must have exceeded 2 mm during the previous 72 h 
(Kruuk and Parish 1981) or 1 mm during the previous 24 h (Kruuk 
and Parish 1981) or more than 10 mm during the night or days 
(arbitrary decision according to MacDonald 1980)

180

120

60

0
Jan NovMar May July Sep

N
um

be
r

of
ea

rt
hw

or
m

s
in

th
e

st
om

ac
h

sa
m

pl
es

b)

60

40

20

0

N
um

be
r

of
ea

rt
hw

or
m

s
in

th
e

fa
ec

es
sa

m
pl

es

a)

Jan NovMar May July Sep

Fig. 1. Number of earthworms obtained in (a) faeces and (b)
stomach, on average, for three years of study. Bars represents standard
error and hatched bars indicated the periods when no stomach sample
was obtained.
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1994 (H = 26.65, P = 0.003), for 1995 (H = 23.71, P =
0.005), and for 1996 (H = 27.13, P = 0.0001). Overall,
earthworm consumption generally increased in spring,
reaching a maximum in summer and autumn, and then
decreased during winter. In contrast, earthworm
consumption determined from stomach samples (Fig. 1b)

showed no significant differences in rates of earthworm
consumption between months for 1994 (H = 7.09, P = 0.07)
or for 1995 (H = 1.77 P = 0.62) and between the two years of
the study (Z = –1.36, P = 0.17). In addition, the pattern of
consumption determined from the stomach samples was
generally consistent with the trend observed in the faecal
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Fig. 2. (a) The correlation circle of PCA analysis on factorial plan 1–2. (b) Factorial plan 1–2 is used to define
weather group conditions as follows: CD = cold and dry months, CR = cold and rainy months, WD = warm and
dry months, WR = warm and rainy months. The last category, in the middle of factorial map, is defined as M =
medium months.
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samples. The first two axes of the PCA analysis explained
75% of the total variability between monthly climatic
conditions, showing a temperature gradient (PC1) along the
first axis and a precipitation gradient (PC2) along the second
axis (Fig. 2a). Thus, PC1 and PC2 were used as synthetic
variables in simple and multiple regression models. On the
basis of the values of the AICc, the multiple regression (PC1
+ PC2: AICc = –19.4) was preferred to the simple
regressions (∆AICc (PC1 + PC2) / (PC1) = 8.6; ∆AICc (PC1
+ PC2) / (PC2) = 21.5) since it explained ~79% of the
relationship between earthworm consumption and monthly
weather conditions (Y = 3.55*PC1 – 4.60*PC2 + 19.06, R2 =
0.79, F2,20 = 38.63, P < 0.0001). The synthetic variables PC1
and PC2 were negatively correlated, high earthworm
consumption is expected during warm and dry months and
minimum worm consumption expected during cold and wet
months. Heavy precipitation and cold temperatures during
the winter months in mountainous areas reduce the
accessibility of soil to wild boars. Following the PCA results
(Fig. 2b), months were re-arranged into five weather groups:
cold and rainy, cold and dry, warm and rainy, warm and dry,
and intermediate months. A significant difference in
earthworm consumption was found between these five
weather groups (F4,299  = 10.64, P < 0.0001): earthworm
consumption during cold and dry months was significantly
lower than during all of the other weather categories (Fig. 3).
A significant linear relationship was found between the two
types of ‘worm nights’ and earthworm consumption (F1,21 =
36.73, P < 0.0001) for WN1and (F1,21 = 27.75, P < 0.0001)

for WN2 (Fig. 4). Earthworm consumption and earthworm
availability was linearly related for both WN1 (F1,8 = 6.93,
P = 0.03) and WN2 (F1,8 = 5.94, P = 0.04) in 1995 and for
WN1 (F1,2 = 86.3, P = 0.01) in 1996, but not for 1994 (WN1:
F1,7 = 0.01, P = 0.92; WN2: F1,7 = 0.33, P = 0.58) and WN2
(F1,2 = 2.07, P = 0.29) in 1996.

None of the regression models accounted for a significant
relationship between earthworm consumption and weather
conditions when the exact sample collection date was
known. However, within individuals, the numbers of
earthworms in the stomach and in the faeces were positively
and significantly correlated (Z = 2.28, P = 0.02).

Discussion

This study demonstrated that earthworms are consumed by
wild boar in all seasons of the year. Earthworms accounted
for 92% of the diet by frequency of occurrence; wild boars
can therefore be categorised as primary predators of
earthworms, as proposed by Granval and Muys (1995). This
is further supported by recent dietary studies, carried out in
France, that found the frequency of occurrence of
earthworms in the diet to be greater than 50% (where
earthworms were available) (Fournier-Chambrillon et al.
1995; Fournier-Chambrillon 1996). The pattern of
consumption of earthworms in mountainous areas differed
slightly from that observed in the vineyards–guarrigue
habitat where no worms were consumed between June and
September, possibly due to low soil moisture tending to
reduce earthworm availability (Fournier-Chambrillon et al.
1995; Fournier-Chambrillon 1996). However, the peak in
earthworm consumption in autumn that was found in this
study is similar to that reported in the vineyards–guarrigue
habitat. Differences in local tree composition between these
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represents standard errors.
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two habitats may explain the differences in abundance and
availability of earthworms (Bouché 1982; Granval and Muys
1992). Similarly, as meadow habitats have the highest
earthworm concentration, 137 kg ha–1, or 71% of the
metazoan population of the soil (Bouché 1982), the
proportion and type of meadows in the study area may be a
crucial parameter for determining the importance of worm
consumption, especially as meadows represent more than
60% of the habitat type at altitudes over 1700 m. A number
of studies have assumed that invertebrates, especially
earthworms, are ingested by wild boars/feral pigs during
rooting activity (Challies 1975; Scott and Pelton 1975;
Bratton 1977; Barrett 1978; Shaffer 1979; Pavlov and
Edwards 1995; Mitchell and Mayer 1997). However, the
significant relationship between earthworm consumption
and the measure of earthworm availability (‘worm nights’)
found in this study suggests that earthworm consumption
may not always involve rooting activities. The positive
correlation of earthworm consumption between two
consecutive meals supports the suggestion that earthworm
consumption is mainly opportunistic (does not involve
rooting), and that wild boar forage for earthworms during
weather conditions suitable for earthworms to be on the soil
surface, thereby enhancing their capture rate. Wild boars
may also modify their foraging behaviour to select feeding
areas such as meadows or prairies where earthworm numbers
are high. This suggestion is untested; no studies have been
conducted to identify feeding areas used by wild boar during
particular weather conditions. However, Kruuk and Parish
(1981) showed that worms are more abundant at the soil
surface in summer and autumn. This peak in abundance
corresponds to the peak of earthworm consumption by wild
boars in our study, reinforcing the idea of an opportunistic
foraging behaviour.

Confounding influences in this study were, first, the
‘worm night’ conditions were defined for Lumbricus
terrestris only (Kruuk and Parish 1981), and may not reflect
the availability of all earthworm species found in this study
site. However L. terrestris was often present in our samples
associated with other species such as L. rebellus. Second,
various factors that may influence earthworm consumption
were not included in the definition of the ‘worm night’
model. Temperature changes with altitude, altitude, wind
and grass height are known to modify the availability, the
activity and/or the prehensility of earthworms (see
MacDonald 1980; Kruuk and Parish 1981; Baubet et al.
1997). These parameters were not taken into account for
analysis, which may reduce the value of this model in the
case of mountainous areas. The seasonal vegetation growth,
the period of hay production and the seasonal movement and
rotation of cow pastures would modify the proportion of
short-grass meadows, where prehensility of earthworms
should be higher (Granval et al.1993). These limitations may
explain why the monthly weather conditions, calculated by

the PCA, explained a higher proportion of the earthworm
consumption than the ‘worm night’ conditions. These
differences may be the expression of periods when climatic
conditions are not optimum for worms to ascend to the
surface, but when the soil is wet enough to allow wild boars
to root (Kotanen 1994, 1995; Fournier-Chambrillon et al.
1995; Mitchell and Mayer 1997). For example, wild boars
can forage in cattle manure piles in pastures, apparently
searching for earthworms or other invertebrates (Scott and
Pelton 1975), which are known to accelerate the
disappearance of dung (Hirschberger and Bauer 1994a,
1994b). Similarly, wild boar diggings up to 40 cm deep have
been observed in zones where epilobes (Epilobium
angustifolium) occur. Although earthworms are not as
abundant in these zones as in meadows (Baubet et al. 1997),
earthworms may be ingested during the process of diggings
for bulbs or roots. 

Earthworm consumption may also have important
consequences for wild boars because of such factors as
parasitism and dissemination of diseases that may indirectly
influence wild boar demography. Previous studies have
reported on the high rate of parasitism of wild boar by lung
nematodes (Humbert and Henry 1989), of which
earthworms are an intermediate hosts. The high nutritional
value of earthworm (see Pavlov and Edwards 1995),
especially the high lysine content (an essential amino acid
for body growth in pigs), suggest a difference in the rate of
earthworm consumption between young and adult wild boars
in order to cover the needs of growing animals (Noblet et al.
1987; Henry et al. 1992). Young wild boars are thought to
ingest a higher number of earthworms than the adults and
generally show a higher level of parasitism than that of adults
(Humbert and Henry 1989), this being amplified by the lack
of immunity in juveniles. The lack of immunity of piglets to
infection by lung nematodes may influence wild boar
demography, either directly through mortality (Massei et al.
1997) or indirectly through fecundity (age at sexual maturity,
litter size and weight), which is related to body condition
(Mauget 1982; Massei et al. 1996; Fernandez-Llario and
Mateos-Quesada 1998). As wild boars act as dispersal
vectors of numerous vegetables by zoochory or endochory
(Lynes and Campbell 2000; Welander 2000), the ingestion of
earthworms infected by lung nematodes and the subsequent
excretion of a resistant form of these nematodes in the faeces
may contribute to the dispersal of this parasite. 

In summary, the results highlight some aspects of wild
boar diet in mountainous areas. Further research is required,
especially to examine the relationships between worm
consumption and seasonality of rooting and damage in
meadows (Howe and Bratton 1976; Baron 1982; Gallo Orsi
et al. 1995; Kotanen 1995; Mitchell and Mayer 1997) to
assess the importance of earthworm consumption due to
rooting. In addition, it could be interesting to examine, by
telemetry, the variation in foraging behaviour of wild boars
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according to ‘worm night’ weather conditions. Finally,
knowledge of earthworm consumption patterns would be
helpful in controlling dispersal of disease through wild boar
populations, especially as earthworms are intermediate hosts
in many disease cycles.
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