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Summary .  Lumbricus fest ivus and  L. castaneus consume  
dung.  In  the  field,  be low cow pats ,  their  gut  loads  were 
a b o u t  0.15 and  0.14 g d ry  weight g-1  ash-free d ry  weight  
o f  worm,  respectively, bu t  in "f ree"  soil  the  loads  were 
higher,  a b o u t  0.21 and  0.19 g g-~ ash-free d ry  weight  o f  
worm.  The  gut  contents  o f  dung  were l ighter  t h a n  the to-  
ta l  inges ted  mater ia l ,  at about 0.10 and  0.07 g d ry  weight 
g -1  ash-free  d ry  weight  o f  worm,  respectively. F ie ld  ex- 
pe r imen t s  showed tha t  the  re ten t ion  t ime  o f  dung  ranged  
f rom > 9 to 15 h for  L. festivus, and  f rom > 3 to 6 h for  
L. castaneus. The exper iments  also ind ica ted  tha t  L. 
fest ivus explo i ted  20- and  36-day-old  dung  in di f ferent  
ways, since the  gut  l oad  was lower in those  worms  con-  
suming  20-day-old  dung  than  in those  consuming  36- to  
40-day-old  dung.  On  the basis  o f  these results the  calcu-  
la ted  c o n s u m p t i o n  rate  for  L. fest ivus is 0.08 g dung  
d a y - l g  live weight o f  worm -~, and  for  L. castaneus 
0.15 g dung  d a y - t ,  with re ten t ion  t imes a s sumed  to be at  
m a x i m u m ,  15 h, for  L. fest ivus and  6 h for  L. castaneus. 
These ca lcu la t ions  indicate  tha t  our  f ield p o p u l a t i o n  o f  
worms  (75 g m  -2)  consumes  1 0 - 1 5  t dung  ha  -~ 
180 days -1,  co r r e spond ing  to the  a m o u n t  o f  dung  pro-  
duced  by  2 - 3  da i ry  cows. 
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Ea r thworms  p lay  an  i m p o r t a n t  role in m a n y  t empera te  
ecosystems.  Gu i ld  (1955) r epor t ed  tha t  ea r thworms  in 
pas tures  m a y  ingest  2 2 - 2 7  t ha  - t  year  -1 o f  cow dung,  
and  Satchel l  (1967) ca lcu la ted  tha t  ea r thworms  in a de-  
c iduous  forest  m a y  consume  an  annua l  leaf-fal l  o f  3 t 
ha  -1 in app rox ima te ly  3 months .  The  es t imates  were 
based  on  f ield p o p u l a t i o n  studies and  c o n s u m p t i o n  rates 
measu red  in the  labora tory .  
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The  object ives  o f  the  present  s tudy  were to measure  
the  gut  l oad  and  food- re ten t ion  t ime in the  ea r thworms  
L. fest ivus and  L. castaneus in the  field, and  to calcula te  
the  c o n s u m p t i o n  rate. The  two species are c o m m o n  sur- 
face-feeding detr i t ivores  in Dan i sh  pastures.  Ca t t le  dung  
was offered as food  in this study, since (1) ea r thworms  are 
k n o w n  to ingest  dung  (Barley 1959; Ho l t e r  and  Hen-  
d r iksen  1988; H e n d r i k s e n  1991); (2) they aggregate  below 
cow pats  (Hol te r  1983); (3) they p lay  an  i m p o r t a n t  role in 
the  d i s appea rance  o f  dung  pa ts  (Hol te r  and  H e n d r i k s e n  
1988); and  (4) dung  lends i tself  to  m a r k i n g  by chromic  
oxide (Hol te r  and  H e n d r i k s e n  1987), thus  a l lowing a 
s tudy  o f  inges t ion  rates. 

Material and methods 

The study site is a permanent pasture at Strodam about 35 km north of 
Copenhagen, Denmark. The soil is a dark, poorly drained, fen soil, 
with a pH of about 6.0, and loss on ignition of 33.2%. 

Dung consumption by the earthworms was studied by marking the 
dung with chromic oxide, a water-insoluble and biologically inert mark- 
er, which has been used repeatedly in feeding studies of mammals (Van 
Soest 1982) and invertebrates (McGinnis and Kasting 1964a, b; Holter 
1973), and in studying the disapperance of organic matter from cattier 
dung pats (Holter and Hendriksen 1987). The amount of dung ingested 
by individual earthworms was calculated from their content of chromic 
oxide, analysed according to McGinnis and Kasting (1964b). Earth- 
worm sizes were measured as ash-free dry weight. In all studies, ar- 
tificialy pats were made of 2 kg fresh dung, obtained from a cowhouse 
at Trollesminde, and 10 g chromic oxide was added before homogeniza- 
tion in a Kenwood kitchen machine. Pats 21 cm in diameter were placed 
in the field, resting on nylon nets (mesh size 7 mm). 

To study the total gut load (dung and other material ingested), 
worms were dug out from below 36- or 40-day-old pats. These speci- 
mens were allowed to void their gut contents into clean Petri dishes for 
3 days at I0 ~ The collected faeces were dried at 60 ~ and weighed, 
and the ash contents were determined after 2 h at 500~ Additional 
worms were collected from soil without dung pats. To measure the gut 
load of dung, worms from below the marked pats were dropped into 
boiling water and the amount of ingested dung were determined. Other 
worms from below the marked pats were allowed to void their gut con- 
tents as previously described, and their weight, and ash and dung con- 
tents were determined. 
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The retention time of dung was studied in two experiments. (1) Two 
batches of  dung pats, 16 marked and 16 unmarked, were placed in the 
field, allowing about 200 m between batches. After 20 or 36 days, eight 
of  the marked pats were lifted and carried on their nets to the site of  
the unmarked pats, which had been removed, and the marked pats were 
placed exactly in the vacated positions. After 3, 6, 9, 12, 15, 18, 21, and 
24 h, one of these pats was removed, and the worms below were collect- 
ed, killed in boiling water, and kept in a deep freezer until analysed for 
dung content. The mean daily temperature during the 20-day period 
varied between 7.3 and 12.9 ~ (mean 11.2 ~ and during the 36-day 
period between 10.1 ~ and 14.4~ (mean 12.4 ~ (2) The other exper- 
iment was carried out in eight wooden boxes (0.5 x0.5 x0.3 m) contain- 
ing a 10-cm layer of  sward and topsoil from the pasture, which were 
placed outdoors near the Copenhagen laboratory. Eight marked pats 
were placed in the field and eight identical but unmarked pats were plac- 
ed in the boxes. After 20 days, 10-15 L. festivus, captured in 
Bogemosen, were added to each box. After 40 days the pats in the boxes 
were replaced with the marked ones. After 3, 6, 9, 12, 15, 18, 21, and 
24 h one pat was removed from each box, the worms in the box collect- 
ed, and the dung contents determined as above. The mean daily temper- 
ature varied between 9.8 ~ and 17.8 ~ (mean 15.7 ~ 

R e s u l t s  

Table 1 shows the total gut loads present. Thsoe from be- 
low the cow pats, both L. festivus and L. castaneus, were 
significantly lower than those of worms collected from 
the free soil (P<0.01, t-test). Similarly, the ash contents 
of faeces from L. festivus were significantly higher in 
worms from the free soil than in those from beneath pats 
(P<0.001). The gut contents of dung were 0.100___0.01 
and 0.07+_0.04 g g-1 ash-free dry weight of worm for L. 
festivus and L. castaneus, respectively. For both species 
this was significantly lower than the gut load of total in- 
gested material (P< 0.001). The relative gut loads did not 
differ between the two species, although there was more 
material in the gut of adult L. festivus than in adult L. 
castaneus, since L. festivus was the larger worm. 

Figures I and 2 show the amounts of marked dung in 
L. festivus and L. castaneus after different periods of ex- 
posure to the dung. An analysis of the ranked data based 
on general linear models (Zar 1984) showed that L. 
festivus exploited 20- and 36-day-old dung in different 
ways, since the two groups of data were significantly dif- 
ferent (P < 0.05), while there seemed to be no differences 
between the two experiments. In contrast, L castaneus 
appeared to exploit 20- and 36-day-old dung in the same 
way, since no significant difference was found. Kruskal- 
Wallis tests applied to the results for L. festivus showed 

Table 1. Gut loads (g dry weight g -  1 ash-free dry weight) of  Lum- 
bricus festivus and L. castaneus collected below dung pats or in soil 

Gut load Ash content (~ dry weight) 

L. festivus 
Below pats 0.15 _+ 0.01 
Free soil 0.21 _+ 0.03 

L. castaneus 
Below pats 0.14 + 0.06 
Free soil 0.19 + 0.03 

28.3 +_ 2.5 
49.6-+2.3 

m 

m 

no significant differences between the amounts of 
20-day-old dung (P > 0.1), but there was a difference for 
the older dung (data from two experiments pooled). A 
non-parametric multiple comparison procedure (Dunn 
1964) showed that this difference was the result of signifi- 
cant differences ( P <  0.05) between the 3- and > 12-h 
treatments, and between the 6- and > 15-h treatments. 
This suggests that the retention time does not exceed 3 h 
for 20-day-old dung and that it exceeds 9 but not 15 h for 
36- to 40-day-old dung, although there is some uncertain- 
ty for the 20-day-old dung because there were only a few 
observations. 

On the basis of all the data for the 20-day-old dung, 
the gut load of dung for L. festivus was 0.06 g g-1 ash- 
free dry weight of worm, which was significantly differ- 
ent from the above-mentioned value, and for 36- to 
40-day-old dung, calculated from the values obtained af- 
ter more than 12h of exposure, 0.11 g g-1 ash-free dry 
weight, which was not significantly different from the 
above-mentioned value. A similar analysis for L. cas- 
taneus showed that the retention time exceeded 3 h but 
barely reached 6 h, irrespective of the age of the dung. 
The gut loads based on the results after 3 h of exposure 
were 0.08 g g-1 ash-free dry weight for 20-day-old dung 
and 0.09 g g-1 ash-free dry weight for 36-day-old dung. 
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Fig. 1. The amounts of chromic oxide marked dung in Lumbricus 
festivus after different durations of  exposure to 20-day-old dung ( �9 ; -k, 
mean for each duration of  exposure) or 36- to 40-day-old dung (A,  ex- 
periment 1; [],  experiment 2; Or, mean of  the two experiments for each 
duration of exposure); AFDW, ash-free dry weight 
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Fig. 2. The amounts of chromic oxide marked dung in Lumbricus 
castaneus after different durations of exposure to 20-day-old dung ( �9 ) 
or 36-day-old dung (o); -/r, mean for each duration of exposure for 
both dung ages 
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Fig. 3. Frequency diagram showing the percentage of dung in defaecat- 
ed material of Lumbricus festivus 

These two figures were not significantly different f rom 
the above-mentioned gut load of  dung for L. castaneus. 

Figure 3 shows that  dung was mixed with variable 
amounts  of  other material during ingestion by L. festi- 
vus. L. castaneus was similarly variable (results not 
shown). Figure 4 indicates the admixture of  soil with the 
dung ingested by L. festivus. 
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Fig. 4. The relationship between dry weight and ash content of defaecat- 
ed material of Lumbricusfestivus collected below cowpats. Data for the 
dung and the soil are also shown 

Discussion 

The results show that  L. festivus and L. castaneus ingest 
dung but that dung constitutes only part  of  the material 
found in the gut. Furthermore, in L. festivus the gut loads 
and ash percentages in the faeces are higher for worms 
from free soil than for those found below cow pats. The 
comparison of gut loads on a weight basis is inadequate, 
because of  differences in the density of  the material, and 
comparisons should be made on a volume basis. 

The retention time of  food differs between the two 
species; a maximum of  15 h was observed for L. festivus 
eating 36- or 40-day-old dung, and 6 h at the for L. 
castaneus. The food-retention time for L. festivus was 
within the values determined for other Lumbricus spp., 
8 h for L. terrestris at 25~ (Hartenstein and Amico 
1983) and 1 2 - 2 4 h  for L. rubellus (Piearce 1972). The 
value for L. castaneus was closer to that  found for 
Eisenia fetida, 2.5 h at 25 ~ (Hartenstein et al. 1981). 

L. festivus seems to exploit dung of  different ages in 
different ways, since the gut load, and probably also the 
retention time, differed in relation to dung age. This is 
presumably related to the preferential aggregation of  L. 
festivus below dung older than 20 days (Holter 1979, 
1983). Differences in gut load have previously been re- 
ported for E. foetida, L. rubellus, and L. terrestris eating 
different food (Hartenstein et al. 1981; Shapitalo et al. 
1988). 

Piearce (1978) found variable amounts of  inorganic 
material in the faecal output  of  six different species from 
a pasture. Kaplan et al. (1980) showed that the presence 
of  soil, or at least some inorganic soil component ,  stimu- 
lated the early onset of  sexual maturi ty in E. fetida. Like- 
wise, I found different amounts of  soil in the faecal out- 
put from L. festivus and L. castaneus when consuming 
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cow dung. These findings suggest that mineral particles 
are a necessary component of earthworm food. 

From the mean gut contents of dung, the gut load of 
total ingested material and the retention time, it is possi- 
ble to calculate both the amount of dung consumed and 
the total consumption per day for worms beneath pats. 
The dung consumption for L. festivus eating 36-day-old 
dung was calculated as 0.16g dry dung g ash-free dry 
weight of worm day- 1 at the maximum retention time of 
15 h. The ash-free dry weight contributed 12.2% of the 
live weight of L. festivus, hence 1 g live L. festivus con- 
sumed 0.02 g dry dung day -1. This represented 0.08 g 
dung day -1 (25% dry matter in dung). From this, the to- 
tal consumption per day was calculated as 0.03 g dry ma- 
terial g-1 live weight for L. festivus. Similar calculation 
showed that L. castaneus consumed 0.15 g dung day -~ 
and 0.07 g dry material day -~, when the retention time 
was the maximal 6 h. 

Comparable consumption rates calculated on the ba- 
sis of gut load and retention time were 0.04 g g-1 live 
weight for L. rubellus in a woodland (Piearce 1972), 
0.07 g g-1 live weight for L. terrestris in reclaimed peat 
(Curry and Botger 1984), and 0.45 and 0.77g g-~ live 
weight for L. terrestris in grassland soil and silt loam, re- 
spectively (Hartenstein and Amico 1983). 

The detritivore earthworm fauna of the field station 
(Bogemosen) in the autumn of 1987 totalled approxi- 
mately 75 g m 2. The species were L. festivus, L. rubellus, 
L. castaneus, and a few L. terrestris, with the two former 
dominant. Using the above consumption rates, the con- 
sumption of dung by the field populations was calculated 
as 10-15  t ha -1 year 1, assuming that the earthworms 
were active for 180 days per year (approximately the peri- 
od that cattle graze the grass in Denmark). This corre- 
sponds to the amount of dung produced by two or three 
dairy cows, or a little above the normal stocking rate. It 
is concluded that earthworms in Bogemosen are able to 
consume all the dung produced by the livestock. Howev- 
er, these calculations have their limitations and the actual 
values must depent on the species present, the age of the 
dung, and also on abiotic factors such as soil temperature 
and water content. 

Holter and Hendriksen (1988) measured the respira- 
tory loss and bulk transport of organic matter from dung 
pats. They reported that both processes were important, 
and that the transport process contributed 54-75% to 
the disappearance of the dung pats. They proposed that 
earthworms were the main form of transport. 
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