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Changes in the specific diet of earthworms with time in relation to landuse changes and two different
climates were studied by analysing>C and *°N natural abundance in soils and animals. Soil samples from
three depths (0-10, 10-20 and 20-30cm) and earthworms were collected from two sites: Santiago
(Northwest Spain) and North Wyke (Southwest England) both consisting of replicated long-term grasslands
and recently converted to maize plots. Earthworms were hand-sorted in the field at the peak of the maize
growth and after harvesting at both sites.

In the Spanish plots, nine and eight earthworm species, all belonging to the three ecological
categories (epigeic, anecic and endogeic), were found under maize and permanent pasture, whereas at
the English site five and seven different species were, respectively, identified. At both sit€€ isotopic
values of the earthworm tissues reflected changes in diet from {0 C, with epigeic and epi/anecic
worms in the maize plots showing one delta unit difference in relation to the ones found in the
grassland plots. Anecic worms seemed to be less responsive to landuse changes. The hitjevalues
of the Spanish soils were also reflected in the earthworm tissues when compared with the English
samples.

o\ values showed no clear relationship with the cropping treatments but were clearly related to the
ecological grouping, with endogeic worms reaching the highest values whereas for the epigeic and epi/
anecic species the lowest values were obtained. This finding was also previously recorded by other
authors® and suggests that, in the future, stable isotope techniques could also be a useful tool in
taxonomic studies. Copyright© 1999 John Wiley & Sons, Ltd.
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It is generally accepted that earthworm species can beisotopes of carbon and nitrogen to determine the dietary
classified into three ecological categories according to their preferences of different animal species have been success-
feeding behaviodr* epigeic species (living in the upper fully used in the past for vertebraté€ but there have been
soil layers), endogeic species (deep borrowers) and anecian increasing number of studies performed on inverte-
species (moving through the soil profile). However, it is brates-®**mainly on earthworms.
unlikely that all earthworm species will fall neatly into any When compared to long-term pastures, earthworm
of these three categories and any factor affecting their populations under long-term arable crops are generally
feeding strategies can therefore modify these ecological smaller and their specific composition is modified due to
strategies. In this sense, landuse changes and globamechanical damage during cultivation, to the loss of the
warming are assumed to have a potential impact on theinsulating layer of vegetation, to predation by birds when
soil fauna communities. worms are brought to the surface during cultivation or to a
Studies on the feeding habitats of earthworms usually rely reduction in organic matter available as a food sodfde.
on direct observations of the feeding activity, microbiolo- this paper we used stable isotopi€ and*>N techniques to
gical analyses of gut contents, palatability tests, recording clarify changes in the specific diet, habitat and soil organic
ingestion and consumption rates and measurements of thenatter pools assimilated by earthworms in relation to
growth rates of the worms growing on different substrates. landuse changes in order to optimize agro-ecological
However, the isotopic composition of the whole body in management to improve soil fertility.
small animals gives an accurate estimate ofé&halue of
their diet because of the short time period for assimilation
processes and, therefore, isotopic techniques can be a MATERIALS AND METHODS
powerful tool in determining food preferences as they are Sampling
less time consuming.

Research studies involving natural abundance of stable I € study involved two sites: Neiro, Santiago de Compos-

tela, Spain (UTM Grid. Ref. 29TNHO07) and North Wyke,
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Table 1.6%C values in soils from the maize (n = 6) and grassland plots (n = 3) at the different depths and sampling dates at both sites and
results from one-way ANOVA with different letters indicating significant differences between depths (Tukey groupingt, p<0.05)

Spain England
10/11/97 20/12/97 20/02/98 04/05/98 20/11/97 28/04/98

0-10cm —-26.12 a —25.88 a —2591a —26.02 a 0-10cm —29.51a —28.65a

Maize 10-20cm —25.85 ab —26.04 a -26.11a —26.14a Maize 10-20cm —28.78 ab —28.60 a
20-30cm —-25.23 b —25.70 a —-25.23 a —26.02 a 20-30cm —27.73 b —28.56 a

0-10cm —26.29 a —26.50 a —26.40 a —26.25 a 0-10cm —29.66 a —29.11a

Grassland 10-20cm —25.86 ab —-25.85b —25.68 b —25.90a Grassland 10-20cm —29.26 a —29.21 a
20-30cm —-25.39b —25.48 b —-25.57b —25.60 a 20-30cm —28.64 a —28.96 a

T See for example, Statistical Books, Winer 1971, Sokal and Rohlf 1981, Day and Quinn 1989.

Table 2. Earthworm species and ecological category for each treatment at both sites (END = endogeic, ANE = anecic, EPI = epigeic, EPI/
ANE = epi/anecic)

Spain England

Maize Grassland Maize Grassland
Allolobophora caliginosa END Allolobophora caliginosa END Allolobophora caliginosa  END Allolobophora caliginosa END
A. trapezoides ANE A. trapezoides ANE A. rosea END A. rosea END
A. rosea END A. rosea END A. chlorotica END A. chlorotica END
Dendrobaena madeirensis END Dendrobaena madeirensis END A. longa ANE A. longa ANE
D. octaedra EPI D. octaedra EPI D. mammalis EPI
D. rubida EPI L. rubellus EPI L. rubellus EPI
Lumbricus festivus EPI/ANE Lumbricus festivus EPI/ANE L. terrestris ANE
Octolasion cyaneum END Octolasion cyaneum END
Eiseniella tetraedra EPI Eiseniella tetraedra EPI

had been harvested at both sites (20/02/97, 20/02/98 andPDB). Ammonium sulphate, at-1.7%%0 relative to air
04/05/98 in Spain; 20/11/97, 28/01/98 and 28/04/98 in (atmospheric N), was employed for N. Analytical precision
England). over 10 replicates of both standards was better tha#.0.2
On every sampling occasion, soil and earthworm samples Soil samples were analysed at Aberystwyth against a
were taken from both grassland and maize plots at the two Europa flour standaré**C = —25.34%o.
sites. Earthworms were hand-sorted in the field and then
taken back to the laboratory for identification to species
level, dissected to remove the guts and rapidly frozen to
—10°C until further analysis. In the case of soil samples, Comparisons between treatments and sites were made using
each plot was subdivided into three subplots and a soil analysis of variance (ANOVA), using one-way ANOVA to
sample from three different depths (0-10, 10-20 and 20— compare mean isotopic values per treatment at the different
30 cm) was taken from each treatment (three replicate soil sites. Two-way ANOVA was used to quantify interactions
samples), but in the maize plots replicate soil samples werebetween sites, treatments, soil depths and sampling dates.
taken along the row of maize plants and between rows of
plants following the same procedure. Soil samples were
oven-dried to 65C to constant weight for seven days. RESULTS

At both sites, no significant differences were found between
the two sampling procedures adopted for the maize plots
and therefore soil data from ‘along-row’ and ‘inter-row’
Earthworms from each species and from every treatment,treatments were combined into one (‘maize’) for the
sampling date and site were bulked and freeze-dried for N statistical analyses.
and C isotopic analysis, whereas the replicate soil samples Spanish soils significantly (g 0.05) contained more
were only analysed foF°C (only two dates for the English  carbon (7%) than the English ones (2.7%) and also showed a
samples). higher *C enrichment {25.85) which was significantly
All samples (bulked animal and replicate soil samples) different to the mean isotopic value recorded for the English
were ground to a homogeneous powder using a SPEX liquid soils (—28.80). Additionally, at both sites, an increaséi@
nitrogen cooled mill (Glen Creston Ltd., Stanmore, Mid- with depth was observed, mainly in the grassland plots
dlesex, UK) before being weighed using a micro-balance to which were not rotavated (Table 1), but differences were
ensure sufficient dry-weight for each sample for analyses. only significant at the Spanish site {p0.05). Date and site,
Earthworm samples were sealed inta @ mm tin capsules  together with the interaction site and treatment, also had a
prior to separate C and N isotopic analyses at Merlewood, significant effect ons**C values of the soils at both sites
using an ANCA-MS system (Europa Scientific Ltd, Crewe, and, within each site, significant interactions were detected
Cheshire, UK); this analytical system is fully described by for some of the variables analysed (depth and treatment for
Barrie and Prossér. Beet sucrose was used as a reference Spain and depth and date for England).
material for C, at—25.96%o, relative to Pee Dee Belemnite In the Spanish plots, nine and eight earthworm species, all

Statistical analysis

Isotopic analysis

Copyright© 1999 John Wiley & Sons, Ltd. Rapid Commun. Mass Spectrohd, 1300-1304 (1999)
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Figure 1. Changes in thé 2°C values of the earthworm species in the malli§ &nd grassland{]) plots and mea# °C values of soils from maize
(thick line) and grassland plots (fine line) at the different dates in Spain (a) and England (b). Species abbreviatigikldoophora caliginosa
Ah = Allolobophora chlorotica Al = Allolobophora longa Ar = Allolobophora rosea At = Allolobophora trapezoides Dm =Dendrobaena
mammalis Dmd =Dendrobaena madeirensi®o =Dendrobaena octaedreDr = Dendrobaena rubidaEt =Eiseniella tetraedralLr = Lumbricus
rubellus Lt = Lumbricus terrrestrisLv = Lumbricus festivusOy =Octolasion cyaneum
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Figure 2. 63C (a) ands*®N (b) mean values with standard errors of the different ecological categories at each site and results from
one-way ANOVA with different letters indicating significant differences between treatments (Tukey grougir@0p). Number

of observations for each ecological group at the two sites are as follows: Spain: End = 15 (maize)/10 (grassland), Epi = 8 (maize)/7
(grassland), Ane =4, EpiAne = 4 (maize)/3 (grassland); England: End =9, Epi = 3 (maize)/4 (grassland), Ane = 2.

belonging to the three ecological categories (epigeic, anecicSpain, where a difference up to 2 delta units between the
and endogeic), were found under maize and permanentearthworms and the feed was observed.
pasture, whereas at the English site five and seven different When earthworms were grouped according to the three
species were, respectively, identified (Table 2). ecological categories (epigeic, endogeic and anecic), plus
Figure. 1 shows the changes in the’C values of the the epi/anecid. festivusat the Spanish plots (Fig. 2), there
earthworm species and the soils (since there were only twowas a significant effect (g 0.05) of the ecological
dates when depths were significantly different, the mean for grouping oné**C values only at the Spanish site, with
the three layers is given) at the different dates and sites. Itendogeic species being significantly different to epi/anecic
can be seen that the hightiC values of the Spanish soils ones. The treatment effect was only observed for endogeic
are also reflected in the earthworm tissues when comparedspecies at both sites and for epigeic species at the English
with the English samples. At both sites, stable C isotope site (Fig. 2(a)).6*°N values were also affected by the
ratios in the earthworm tissues reflect changes in diet from ecological grouping, with endogeic species being signifi-
Cs to C,, it being possible in most cases to distinguish cantly different to epigeic species at both sites and epi/
between specimens belonging to the same species buanecic species being different to endogeic and anecic
feeding on different labeled material. This was particularly species in Spain and anecic species different to endogeic
clear at the English site (Fig. 1(b)) where the earthworm species in England (g 0.05). Treatment had a significant
species collected on both sampling dates showed a uniformeffect oné**N values for anecic species at the English site
pattern of isotopic values with time. However, at the only (Fig. 2(b)).
Spanish site (Fig. 1(a)}*°C values of earthworm tissues
showed a highgr variatipn with_time, and on some OccaSionSDISCUSSION
it was not possible to differentiate between treatments (e.g.
A. caliginosaon 20/12/97). Initially, before the maize was Spanish species showed a higher enrichmert@when
cut, earthworms seemed to respond to the new organiccompared to English populations, which can be explained as
material by showing less negative’C values. Just afterthe a result of the different fractionation values of the
maize had been harvested, only endogeic species seemed tearthworm tissues in relation to their feeds and the different
have a clear preference for the organic material derived isotopic values recorded for the soils. Under different
from the maize, but after two months the whole earthworm climates soil turnover has a strong effect on mineralization

community showed a distinctive response to ther@aterial rates and is therefore a factor to be taken into account when
which again becomes diluted at the end of the experimental comparing sites.
period. Epigeic and epi/anecic worms were the most responsive

From Fig. 1 it can also be stated that fractionation effects species to landuse changes and, at both sif€sjsotopic
were higher at the English plots, up to 3.0 delta units, than in values of the earthworm tissues reflected changes in diet

Copyright© 1999 John Wiley & Sons, Ltd. Rapid Commun. Mass Spectrohd, 1300-1304 (1999)
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from C; to C,, up to one delta unit difference in the worms This study also showed variation of the earthworms
feeding in the maize plots when compared with the ones feeding activity with time which has also been recently
found in the grassland plots. This represents a larger observed by Neilsort al?* and emphasises the need for
enrichment than that found in the soilg, @ersusCs;, and long-term studies to better understand the effects of
indicates a preference by the worms fop €esh new earthworms on the biogeochemical cycles both in natural
residue over older native4&oil organic matter. However, and agroecosystems. This kind of information could be very
there was also a large contribution of @aterial in the useful in running simulation models of organic matter which
earthworm tissues indicating that the animals were also should include not only the earthworms (typically ignored in
feeding on C derived from the original grass pasture before these models) but also the temporal and spatial scales,
conversion to maize. Additionallys**C values of the particularly when addressing the potential effects of the
earthworm species showed some variability with time, driving global forces, such as climate change and landuse,
which highlights the importance of chronosequence studieson the soil ecosystem.
to a better understanding of the feeding behaviour of the
populations, and could be indicating movements through the
soil profile (probably according to weather) and a more Acknowledgements
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