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Appendix 1 
Supplementary methods 
In this supplement, we give additional details on the methods used. 

 

Text 1 
Further justification for experimental design 

Whether the functional effect of a species can be attributed to its effect per biomass or its typical 

abundance (or both) is a topical question in the design of ecological experiments. To overcome 

problems associated with differences in size among the component taxa, previous studies using 

plant or bacterial communities have considered the functional efficiency of species per unit biomass 

(Connolly et al. 2001), while standardising the overall biomass of the community regardless of 

composition. For studies on other organisms (such as dung beetles), where species vary greatly in 

size, such an approach would be problematic. In practice, to create an equal biomass at each 

diversity level would require numbers of beetles never found in nature. For example, the biomass of 

three Geotrupes individuals corresponds to the biomass of 80 average-sized Aphodius individuals 

(Rosenlew and Roslin 2008). In response, several diversity-functioning experiments have been 

constrained to include only species of relatively similar biomass (O'Hea et al. 2010, Beynon et al. 

2012). In the present study, instead of standardising overall biomass, we added species at their 

abundance typically observed in nature. Thus, we estimated the effect of the species being there in 

the numbers it would in nature, or being absent. The abundance range of each species was 

determined by extensive studies of Finnish dung beetles (Roslin 2001, Roslin and Koivunen 2001, 

Rosenlew and Roslin 2008) , and supported by the relative abundance of species in hundreds of 

dung pats extracted to obtain material for the experiment (see below).  

 

Text 2 
Open-top chamber design 

For experimental warming of dung beetle assemblages, we adopted the open-top chamber (OTC) 

chamber design of the International Tundra Experiment (Marion 1996). This type of OTCs has been 



extensively used in temperature enhancement experiments in the arctic (cf. Havström et al. 1993, 

Wu et al. 2011, Elmendorf et al. 2012), and shown to result in a temperature increase of 2–5oC – 

thus matching current predictions of an increase of 2–6°C in annual mean temperatures by the end 

of this century (Jylhä et al. 2009). 

Matching the ITEX protocol (Marion 1996), cones were designed with inwardly inclined 

sides (60° with respect to the horizontal) and an upper aperture diameter of 48.5 cm (Fig. A1). To 

prevent the beetles from escaping, the tops of the mesocosms were covered with environmental 

mesh (mesh size of 0.88 mm; light passage 90%, air passage 95%).  

Warming OTCs were constructed out of a specially designed fibreglass material (Sun-Lite HP) 

which has high solar transmittance in the visible wavelengths (86%) and a low transmittance in the 

infra-red (heat) range (< 5%). This helps raise the temperature by acting as a solar trap as the 

inclined sides are more favourable for transmitting solar radiation into the chamber, and the cone 

shape gives less ground shading than hexagonal designs. Optimal transmittance occurs when solar 

radiation strikes the surface at a right angle, and the cones thus give lower temperature extremes, 

better light quality and quantity, more natural levels of humidity and CO2 levels and better direct 

precipitation than other exclosures (Marion 1996). 

The non-warming chambers were constructed from a thin steel frame covered by 

environmental mesh with a mesh size of 0.88 mm (light passage 90%, air passage 95%). A metal 

ring (diameter 83 cm) was first dug into the ground to a depth of 5 cm and the cone then fitted 

inside it. The outside rim between the metal ring and the cone was then filled with sand, providing a 

tight fit between the cone and the ground. The lids were designed to fit tightly inside the cone, and 

were fastened shut with metal ties. 

 



Figure A1. Materials used in the experiment: (A) passive open-top warming chamber used for experimentally-warmed treatment; (B) non-warming chambers used for 
ambient-temperature treatment; (C) ‘control’, i.e. dung pat placed in the open, without any chamber and open to colonization by the ambient fauna; (D) fresh dung pat within 
mesocosm; (E) mesocosms covered with environmental mesh to prevent the beetles from escaping; F) mesocosm opened for measurement of soil temperature and moisture; 
(G) mesocosms in operation, with H) treatments randomised within the experimental grass sward.  
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Text 3 
Details of the experimental area 

Experimental dung beetle assemblages consisting of one or two species (see Table 1, Fig. 1 of main 

paper) were constructed in mesocosms under seminatural conditions. As the experimental arena, we 

used a homogenous grass sward located in Viikki, Helsinki, southern Finland (60°13’31”N, 

25°1’0”E). The sward was sawn in 2011 with a commercial seed mix of 40% Phleum pratense, 50% 

Festuca pratensis and 10% multiannual Lolium perenne, with 20% of Festuca arundinacea added 

at sawing. During the first year, Hordeum vulgare was used as a protective layer for the growing 

sward, and 110 kg of nitrogen and 400 kg of 27N:0P:1K fertilizer added per hectare. Importantly, 

the sward was thus established following the standard practices used on any Finnish pasture sward. 

Thus, all functional effects were assessed against a background of current agricultural practices – 

again emphasizing the scaling of the experiment to a relevant and realistic setting. 

 

Text 4 
Details of the dung used in the experiment 

On 30 May 2013, dung for the experiment was gathered from a barn at the Viikki Study and 

Research Farm, owned by the University of Helsinki. The dung was collected from a herd of twenty 

heads of Ayrshire cattle, all adult dairy cows. At the time of dung collection, the cattle had been 

grazing daily for approximately a month on improved pastures sown with a mix of timothy Phleum 

pratense and meadow fescue Festuca pratensis with a smaller component of red clover Trifolium 

pratense. Outdoor grazing time ranged from 4 to 5 h per day with the dung collected as the cattle 

entered the barn for within-stall milking. When indoors, the cattle were fed additional silage ad lib, 

a standard concentrate (Maituri 20 and Aminomaituri 30, Raisio Oyj, Raisio, Finland) and 

magnesium-selenium minerals (Pihatto-Melli; Raisio Oyj, Raisio, Finland). No animal in the herd 

had been given antibiotics or antiparasitic treatments. All dung was manually homogenized before 

partitioning into experimental pats. The pats were then applied to the mesocosms within 24 h of 

being collected from the cows. 
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