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Abstract 

Diurnal epigeic activity of woodlice in a floodplain forest and  nearby clear-cut areas was studied 
during late spring and early autumn of 2005 by pitfall trapping technique. A total of 100 traps was 
being checked every three hours. In total, 6 species of isopods were trapped, but only Trachelipus 
rathkii and Protracheoniscus politus were found being dominant. The species P. politus and 
Porcellium conspersum showed specific significant patterns of their epigeic activity depending on 
day-time. 
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Introduction 
Soil is inhabited by a huge number of 
invertebrate species. For these species, the soil 
fauna, the soil represents a refugium. Out of 
the soil, the environment is less suitable for 
them: there is too much light, and humidity 
and temperature are rather unstable. For these 
reasons, many species of the soil fauna show 
specific patterns of epigeic activity – they are 
more active during periods of time with more 
favourable conditions, i.e. during spring and 
autumn in an annual rhythm and/or during 
night in a diurnal rhythm.  

Circadian rhythms of epigeic activity have 
been recognised not only for surface-dwelling 
animals that adjust their activity to the 
prevailing light conditions, but also for 
troglobiotic species that live in a constantly 
dark environment (Koilraj et al., 2000). 
Generally, woodlice mainly show epigeic 
activity during the night (Cloudsley-
Thompson, 1959) with various exceptions, for 
example twilight activity (Ammar & Morgan, 
2005). According to Cloudsley-Thompson 
(1952), the diurnal epigeic activity is primarily 
correlated with light-dark changes, but not 
with other conditions (humidity, temperature) 
that may change over the course of the day, 
although there are intrinsic physiological 
mechanisms (a kind of timer) for the 
maintenance of a rhythm in permanent 
darkness, too (Cloudsley-Thompson, 1956a). 
This intrinsic timer is apparent in behaviour of 

Hemilepistus reaumurii (Milne-Edwards 
1840), but not of Oniscus asellus Linné 1758 
(Cloudsley-Thompson, 1952). An endogenous 
timer was found to control activity in 
Armadillidium vulgare (Latreille 1804) (Smith 
& Larimer, 1979), and its development during 
ontogenesis was described for Tylos 

granuliferus Budde-Lund 1885 (Ondö, 1954).  
Besides light, other environmental stimuli 

have been investigated for their ability to 
control diurnal rhythms of woodlice. The most 
important of them for starting locomotory 
activity are humidity (Paris, 1963; Ilosvay, 
1982) and temperature (Cole, 1946). Air 
temperature has been recognised as important 
for epigeic activity of myriapods, too 
(Banerjee, 1967; Tuf et al., 2006). Probably 
the most interesting trigger for activity has 
been studied by Moore (1983), who found that 
A. vulgare infected by an acanthocephalan 
parasite is more active, runs farther and rests 
less time than non-infected ones.  

Diurnal epigeic activity of terrestrial 
isopods, an ecologically significant element of 
the epigeic macrofauna, was studied in a 
floodplain forest and nearby clear-cut areas 
during spring and autumn. 
 
Material and Methods 
The locality is situated in the Litovelské 
Pomoraví Protected Landscape Area, a natural 
landscape surrounding the meandering Morava 
river (Central Moravia, Czech Republic) by a 
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mosaic of floodplain forests, meadows and 
fields. The respective sites are an old 
floodplain forest (Querco-Ulmetum) and 
nearby clear-cut areas (49°65´N, 17°20´E, 
altitude 210 m a.s.l.). The herbal layer of the 
floodplain forest consists of Anemone 

nemorosa, Polygonatum spp., Lathyrus vernus 
and Maianthenum bifolium; as the dominant 
moss Eurhynchium hians was recognised. In 
November 1998, the litter biomass figure (dry 
weight) was 622 g/m2. The alluvial soil is 
loamy-sandy to loamy in the locality, with pH 
4.8-5. Annual precipitation is around 520 mm; 
the average annual temperature is 9.1 °C. Parts 
of this forest were cut down in November 
2002 and replanted in March 2003 by oak, elm 
and lime tree (ratio 8:1:1) using heavy forest 
machines. Before that, wood residues had been 
chipped and scattered throughout the entire 
area.  

Epigeic invertebrates were being caught by 
pitfall traps (plastic pots) without any fixative. 

Table 1. Diurnal epigeic activity of terrestrial isopods during late spring (May-June) and early autumn 
(September-October). Catches of individuals by 60 traps during 18 days at different times of the day (3:00 

means that animals were caught from 0:00 to 3:00), grey columns mark night time. 
 

Spring Forest 
  3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00 
Ligidium hypnorum (Cuvier, 1792) - - - - - - - 1 
Hyloniscus riparius (C.L. Koch, 1838) 1 - 1 1 - - - - 
Trichoniscus pusillus Brandt, 1833 - - - - - - - - 
Porcellium conspersum (C.L. Koch, 1841) - - 8 7 7 2 1 1 
Protracheoniscus politus (C.L. Koch, 1841) 7 14 14 8 1 - 3 5 
Trachelipus rathkii (Brandt, 1833) 1 1 1 - - - - 1 
         

Autumn Forest  
  3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00 
Ligidium hypnorum (Cuvier, 1792) 0.7 1.4 1.4 0.7 - 0.7 - 2.2 
Hyloniscus riparius (C.L. Koch, 1838) - - - - - - - - 
Trichoniscus pusillus Brandt, 1833 - - - - - - - - 
Porcellium conspersum (C.L. Koch, 1841) - - - - - - - - 
Protracheoniscus politus (C.L. Koch, 1841) 1.4 1.4 2.2 - - - 3.6 0.7 
Trachelipus rathkii (Brandt, 1833) 7.9 7.9 5.8 2.2 2.9 0.7 8.6 9.4 

 
Spring Clear-cut  
  3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00 
Ligidium hypnorum (Cuvier, 1792) 7.5 1.5 3 - - - 3 3 
Hyloniscus riparius (C.L. Koch, 1838) - 3 - - - - - - 
Trichoniscus pusillus Brandt, 1833 3 - - - - - - - 
Porcellium conspersum (C.L. Koch, 1841) - 1.5 - - - - - - 
Protracheoniscus politus (C.L. Koch, 1841) - - 1.5 - - - - - 
Trachelipus rathkii (Brandt, 1833) 4.5 4.5 3 - - 1.5 - 4.5 
         

Autumn Clear-cut  
  3:00 6:00 9:00 12:00 15:00 18:00 21:00 24:00 
Ligidium hypnorum (Cuvier, 1792) 1.1 - 1.1 - - - - - 
Hyloniscus riparius (C.L. Koch, 1838) - - - - - - - - 
Trichoniscus pusillus Brandt, 1833 - 1.1 - - - - - - 
Porcellium conspersum (C.L. Koch, 1841) - - - - - - - - 
Protracheoniscus politus (C.L. Koch, 1841) - - - - - - - - 
Trachelipus rathkii (Brandt, 1833) 2.2 4.3 6.5 4.3 3.2 - 3.2 4.3 

 

 

Figure 1. RDA ordination plot, showing epigeic 
activity of woodlice species in relation to habitat 
(forest vs. clear-cut), time of the day (time), 
season (spring vs. autumn), and temperature. 
For description of model and significance of 
environmental variables see Tabs 2 and 3. 
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Figure 2. Epigeic activity (Response) of terrestrial 
isopod species in relation to time of the day. For 
significance of model for individual species see 
Tab. 4. 

Sixty traps were spread over the forest habitat, 
whereas 40 traps were placed in a clear-cut 
area in transect lines with three meters 
distance spacing. The experiment was carried 
out in late spring (May 20th to June 7th, 18 
days) and early autumn (September 23rd to 
October 18th, 25 days) 2004. The traps were 
checked every three hours during these 
seasons (i.e. at 3.00, 6.00, 9.00, 12.00, 15.00, 
18.00, 21.00, and 24.00). Soil surface 
temperature was measured in both localities 
using data-loggers Minikin TH 
(Environmental Measuring Systems Brno, 
www.emsbrno.cz). Redundancy Analysis and 
Generalised Additive Models for the 
evaluation of results were created using the 
software CANOCO for Windows 4.5© (ter 
Braak & Šmilauer, 1998), the illustrations 
were created in CanoDraw for Windows 4.0©. 
The model was evaluated using Monte-Carlo 
permutation tests (4999 permutations).  
 
Results 
In total, 231 individuals of six species of 
terrestrial isopods were trapped. Dominant 
species were Trachelipus rathkii and 
Protracheoniscus politus.  

Terrestrial isopods were mostly active 
throughout the day at both seasons and 
localities. However, in the clear-cut area 
during spring, woodlice were not active from 
9.00 to 15.00 (Tab. 1). Individual species 
showed this pattern of behaviour generally too, 
although there were several exceptions. 
Ligidium hypnorum and T. rathkii were active 
during night and twilight in spring, P. politus 
was active during twilight mainly, and 
Porcellium conspersum was active mainly 
during the day in spring. A comparison of 
activity at different sites shows that P. politus 

and P. conspersum were active mainly in the 
forest and L. hypnorum and Trichoniscus 

pusillus were active mainly in the clear-cut 
area. During spring, higher numbers of isopods 
were caught than in autumn (131 vs. 93 ind. 
caught into 60 traps during 18 days), and this 
pattern was most evident in the catches of P. 

conspersum that was not found in autumn. The 
dominant species, T. rathkii, was more active 
in autumn.  

RDA (Fig. 1, Tab. 2) was significant (first 
axis F = 50.457, p = 0.0002; all axes 
F = 14.705, p = 0.0002) and explained 27 % of 
species data variability. The most important 
environmental variables were the nominal 
variables season (spring) and locality (forest). 
Time was significant but less important, and 
temperature was not significant, albeit only 
marginally not so (Tab. 3). Similar results 
were obtained in other analyses, when 
excluding the variables temperature or time; in 
the latter case, temperature proved significant. 

Table 2. Summary of the explained variability of RDA plot 

Axis 1 2 3 4 

Eigenvalues 0.242 0.020 0.009 0.000 
Species–environment correlations 0.692 0.302 0.220 0.080 
Cumulative percentage variance of species data 24.2 26.2 27.1 27.1 
Cumulative percentage variance of species–environment relation 89.2 96.7 99.9 100.0 
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As the models for individual species (T. 

pusillus was excluded for low number of 
individuals) shows, time of the day is an 
important factor to influence epigeic activity 
of P. politus and P. conspersum (Fig. 2, Tab. 
4). P. politus was most active before dusk and 
after dawn, whereas, oppositely, P. 

conspersum was most active during the day. 
The activity of P. politus was highest in the 
forest in spring; from 6.00 to 12.00, the 
temperature was slowly increasing (Fig. 3). 
The major activity of P. conspersum was 
measured in the forest in spring from 10.00 to 

17.00, i.e., during increasing 
temperature, too. 

We observed –albeit non-
significant– differences  between 
sexes for T. rathkii and P. politus. 
Thus, females of P. politus were 
active at a mean temperature 
11.2 ± 2.0 °C, whereas males 
were active at a mean temperature 
of 10.5 ± 2.2 °C; T. rathkii 
females at 10.8 ± 2.3 °C and 
males at 10.4 ± 3.0 °C. A bigger 
difference (non-significant 
though) was evident between the 
activities of gravid and non-
gravid females of P. politus 
(gravid at 11.9 ± 2.1 °C vs non-
gravid at 10.8 ± 1.9 °C). 

 
 

Discussion 
Terrestrial isopods lose water by 
transpiration through their entire 
integument (Gunn, 1937), and 
their responses to humidity 
(hygrokinesis) are controlled by 
the intensity of dessication 
(Waloff, 1941). To avoiding 
dessication, they stay in damp and 
humid environment under stones, 
fallen leaves, logs or bark or in 
crevices in soil during daytime. 
They leave these habitats during 

night when temperature falls and relative 
humidity increases (Cloudsley-Thompson, 
1959). The most desiccating species are the 
most photonegative ones, with strict nocturnal 
activity. Thus, among e investigated species 
were likely of Philoscia muscorum (Scopoli 
1763), O. asellus, Porcellio scaber Latreille 
1804 and A. vulgare, P. muscorum is the most 
nocturnal one and A. vulgare the least 
(Cloudsley-Thompson, 1956b).  

The typical duration of activity is about one 
hour for P. scaber (den Boer, 1961). In shelter, 
woodlice absorb water from air humidity 
through their cuticle, that is lost again after 
leaving shelter. Within about one hour, they 
lose a critical amount of water (Waloff, 1941; 
Edney, 1951) and they must hide in shelter 
with higher relative air humidity again.  

The majority of the recorded variability in 
activity of woodlice was explained by habitat 

Table 3. Significance of environmental variables in 
RDA model to prediction of activity of woodlice 

 

Variable Var.N LambdaA P F 

spring   3 0.19 0.000 37.02
forest   4 0.06 0.000 13.10
time     2 0.01 0.049 2.48 
temperature    1 0.01 0.053 2.44 
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Figure 3. Mean temperature regime during the study period: a) late 
spring (May-June 2005), b) early autumn (September-October 
2005) (mean ± SE). 

Table 4. Significance of time of the day for epigeic activity  
of terrestrial isopod species. 

 

species  Deviance F P AIC 

L. hypnorum  91.32 1.35 0.239966 105.165 
H. riparius  29.63 1.85 0.110987 36.470 
P. conspersum  91.04 5.00 0.000131 106.328 
P. politus  145.24 2.72 0.017544 158.257 
T. rathkii  159.53 0.532 0.221699 172.308 
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type (forest vs clear-cutt) and season (spring vs 

autumn). An influence of these factors is not 
surprising, differences between densities of 
woodlice in different biotopes are well known 
(e.g. Farkas et al., 1999), and their changes in 
abundances and activity during year are well 
known, too (e.g. Hornung & Warburg, 1995; 
Zimmer & Brauckmann, 1997). Nevertheless, 
beside these factors, time of the day is 
significant, too. Thus, P. politus was mainly 
active in twilights and in the morning. The 
activity of this has also been studied in 
Hungarian beech forests in summer (Ilosvay, 
1982). Although several specimens were 
caught during daytime, the peaks of activity 
were at dusk and at midnight at a humidity of 
75-80 %. Based on big catches in forests 
during winter, Ilosvay (1982) supposed that 
temperature is not an important factor for their 
activity. According to our results, too, time of 
the day was more important than temperature 
for the activity pattern of this species. Its 
activity before dusk and in the morning could 
be related to higher air humidity on the soil 
surface due to dew, as its activity started with 
increasing of temperature. Porcellio scaber 
was active after dusk and before dawn, i.e. at 
times of highest relative air humidity (lowest 
saturation deficit respectively), too (den Boer, 
1961). 

The other species with a significant diurnal 
pattern of activity was P. conspersum with 
strict daylight activity. According to the 
argumentation that A. vulgare is more resistant 
to desiccation than other species (Edney, 
1951) and that it is active in the morning hours 
(Cloudsley-Thompson, 1951), we conclude 
that P. conspersum is most resistant to 
dessication of the species found. This species 
shows a primitive level of volvation. Its 
activity occurred at temperatures of ca 15 °C, 
recorded during the warmest spring days in 
forest, similar to midday wandering of H. 

reaumurii during winter months, when 
temperature and humidity are suitable at noon 
(Ammar & Morgan, 2005). Similarly, a 
positive correlation between temperature and 
horizontal activity was found for P. scaber 

(den Boer, 1961).  
Temperature and locomotory activity 

relation can be a clue for an explanation of 
lower catches in autumn than in spring. Paris 

(1965) studied locomotory activity of A. 

vulgare in summer and winter in California. 
He found that woodlice were more active in 
summer (they walked 13 m per 12 hours) than 
in winter (10 m per 6 days), probably due to 
differences in temperature; the lowest 
temperatures in both seasons in California 
were comparable with temperatures measured 
by us. Occasional prolongation of this species’ 
activity from night to morning was caused by 
high humidity during nights (Paris, 1963).  

Low catches of some species were probably 
caused by their generally low epigeic activity, 
inhabiting upper soil layers (family 
Trichoniscidae). Other species can be 
sedentary. For example, Brereton (1957) re-
caught tagged specimen of P. scaber on the 
same tree after six months. Another interesting 
observation related to low numbers of isopods 
is the evidence for that individual woodlice are 
not active every night (or day, respectively), as 
documented by den Boer (1961) through 
marking of P. scaber specimens. 

The females of dominant species were 
active at higher temperatures than males, and 
gravid females of P. politus were more active 
at the higher temperatures that those non-
gravid. Although these differences were not 
significant, they seem to be plausible, because 
the developmental time of the brood is 
affected by temperature. Dangerfield & 
Hassall (1994) found female-biased sex ratios 
under a cryptozoic board (with higher 
temperature than in soil) for A. vulgare and P. 

scaber. The activity of gravid females of P. 

politus in our study can be a result of their 
tendency to search actively for sites with more 
favourable conditions for brood development. 
 
Acknowledgments 
This study was done with permission of the authority of 
the Litovelské Pomoraví Protected Landscape Area. We 
are very grateful to a lot of our colleagues, friends and 
students from our department for their help in the field; 
without their help it would not have been possible to 
check traps every three hours for so long time just on 
our own. We would like to thank our colleague Adam 
Véle for his help with statistical analyses, too, and 
Patrik Malina for improving of English. 
 



172  Tuf & Jeřábková 

     
Proceedings of the International Symposium of Terrestrial Isopod Biology – ISTIB-07 

M. Zimmer, F. Charfi-Cheikhrouha & S. Taiti (Eds) 

References 
Ammar KN, Morgan E. 2005. Preliminary observations 

on the natural variation in the endogenous rhythm of 
the desert isopod Hemilepistus reaumurii. 
Pedobiologia 41: 63-68. 

Banerjee B. 1967. Diurnal and seasonal variations in the 
activity of the millipedes Cylindroiulus punctatus 
(Leach), Tachypodoiulus niger (Leach) and 
Polydesmus angustus Latzel. Oikos 18: 141-144. 

Brereton JLG. 1957. The distribution of woodland 
isopods. Oikos 8: 85-106. 

Cloudsley-Thompson J. 1951. Rhythmicity in the 
woodlouse Armadillidium vulgare. Entomol Monthly 

Mag 87: 275-278. 
Cloudsley-Thompson J. 1952. Studies in diurnal 

rhythms. II. Changes in the physiological responses of 
the woodlouse Oniscus asellus to environmental 
stimuli. J Exp Biol 29: 295-303. 

Cloudsley-Thompson J. 1956a. Studies in diurnal 
rhythms. VI. Humidity responses and nocturnal 
activity in woodlice (Isopoda). J Exp Biol 33: 576-
582. 

Cloudsley-Thompson J. 1956b. Studies in diurnal 
rhythms. VII. Bioclimatic observations in Tunisia and 
their significance in relation to the physiology of the 
fauna, especially woodlice, centipedes, scorpions and 
beetles. Ann Mag Nat Hist  12 9: 305-329. 

Cloudsley-Thompson JL. 1959. Microclimate, diurnal 
rhythms and the conquest of the land by arthropods. 
Int J Bioclimatol Biometeorol B 3: 1-8. 

Cole LC. 1946. A study of the cryptozoa of an Illinois 
woodland. Ecol Monogr 16: 49-86. 

Dangerfield JM, Hassall M. 1994. Shelter site use and 
secondary sex ratios in the woodlice Armadillidium 

vulgare and Porcellio scaber (Crustacea: Isopoda). J 

Zool 233: 1-7. 
den Boer PJ. 1961. The ecological significance of 

activity patterns in the woodlouse Porcellio scaber 

Latr. (Isopoda). Arch Néederl Zool 14: 283-409. 
Edney EB. 1951. The evaporation of water from 

woodlice and the millipede Glomeris. J Exp Biol 28: 
91-115. 

Farkas S, Hornung E, Morschhause T. 1999. 
Composition of isopod assemblages in different 
habitat types. In: Tajovský K, Pižl V (eds). Soil 

Zoology in Central Europe. 37-44. Institute of Soil 
Biology ASCR, České Budějovice. 

Gunn DL. 1937. The humidity reactions of the 
woodlouse Porcellio scaber (Latreille). J Exp Biol 14: 
178-186. 

Hornung E, Warburg MR. 1995. Seasonal changes in 
the distribution and abundance of isopod species in 
different habitats within the Mediterranean region of 
northern Israel. Acta Oecol 16: 431–445. 

Ilosvay G. 1982. A talajfelszínen mozgó állatok 
napszakos aktivitásának vuzsgálata a farkasgyepüi 
bükkösben. Fol Mus Hist-Nat Bakon 1: 171-180. 

Koilraj AJ, Sharma VK, Marimuthu G, 
Chandrashekaran MK. 2000. Presence of circadian 
rhythms in the locomotor activity of a cave-dwelling 
millipede Glyphiulus cavernicolus Sulu (Cambalidae, 
Spirostreptida). Chronobiol Int 17: 757-765. 

Moore J. 1983. Responses of an avian predator and its 
isopod prey to an acanthocephalan parasite. Ecology 
64: 1000-1015. 

Ondö Y. 1954. Daily rhythmic activity of Tylos 

granulatus Miers III. Modification of rhythmic 
activity in accord with its growing stage. Jap J Ecol 4: 
1-3. 

Paris OH. 1963. The ecology of Armadillidium vulgare 
(Isopoda: Oniscoidea) in California grassland: food, 
enemies, and weather. Ecol Monogr 33: 1-22. 

Paris OH. 1965. Vagility of P32-labeled isopods in 
grassland. Ecology 46: 635-648. 

Smith JTF, Larimer JL. 1979. Circadian wheel-running 
behavior in the isopod, Armadillidium vulgare. J Exp 

Zool 209: 73-80. 
ter Braak CJF, Šmilauer P. 1998. CANOCO Reference 

Manual and User´s Guide to Canoco for Windows: 

Software for Canonical Community Ordination 

(version 4). Microcomputer Power: Ithaca.  
Tuf IH, Tufová J, Jeřábková E, Dedek P. 2006. Diurnal 

epigeic activity of myriapods (Chilopoda, Diplopoda). 
Norw J Entomol 53: 335-344. 

Waloff N. 1941. The mechanisms of humidity reactions 
of terrestrial isopods. J Exp Biol 18: 115-135. 

Zimmer M, Brauckmann H-J. 1997. Geographical and 
annual variations in the phenology of some terrestrial 
isopods (Isopoda, Oniscidea). Biologia 52: 281-289. 



 



 

 


