


1. FIELD EXPERIMENTAL DESIGN 
 
2.1. Habitat (one locality with two different conditions) 
 
• The main habitats for this study are grasslands (natural or anthropogenic origin) 

used for cattle subsistence (associated with either milk or meat production). 
• Two sampling points: one grassland with intensive use (mainly grassland – open 

habitat) that has a higher cow density (≥ 4 cattle per hectare/10000 m2 – sometimes 
this intensive use is related with a recurrent rotational system between small 
enclosure areas used for pasturing) versus one grassland with extensive use 
(grassland with shrubs – closed habitat) that has a lower cow density (≤ 2 cattle per 
hectare/10000 m2; in this case the rotational system is inexistent or infrequent) and 
in some regions might even have some natural vegetation.  

• The distance between each grassland condition (sampling point) must be more of 1 
km and less than 10 km and they must be in the same altitudinal range (no more 
than 200 m of difference). In addition, the distance between the grassland sampling 
points to the border of any kind of forest should ideally be between 500 m to 1 km. 

• The minimum collecting effort is one locality with these two different grassland 
conditions. If any research group wants to do more than one locality or wants to 
include a third type of grassland in the same locality we encourage them to do it. 

 
 
1.2. Experimental design 
 
2.2.1 Dung 
 

The dung used in the experiment should act as an attractant to dung beetles, making 
dung quality a decisive factor in the success of the experiment. Dung beetles are 
attracted to fresh dung, so it is important that the dung used is fresh (collected very 
recently; ideally just defecated to avoid having any dung beetles on it and preferably 
collected the same day that you are going to install the experiment). In addition, several 
literature sources report that the presence of anthelmintic (e.g. Ivermectin) may have a 
positive or a negative effect on dung beetles’ attraction to dung. It is important to try to 
establish a good relationship with ranchers of the region to be sure that you have the 
information about the use of anthelmintic drugs in your experimental area. The dung 
should be anthelmintic free, and if possible the cattle should also not be subjected to any 
anti-parasite medication that is applied cutaneously. In the remote case that it will be 
impossible to find cow dung without anthelmintic drugs we suggest that the time lapse 
between the application of the drug and the moment to collect the dung should be at 
least three weeks. Each experimental unit, control, and pitfall trap should have 300 g of 
fresh cow dung and no beetles should be present (if fresh cow dung is not available, it 
can be frozen at 0 Cº for a minimum of at least 48 hours to ascertain that the dung 
contains no living dung beetles). 



§ Dung removal rates: experimental and control units  
 

The experimental setting consists of 10 experimental units with 300 g of fresh cow 
dung that will be placed directly over the surface of the soil, in an area free of large 
plants (Figs. 1A and Annex 1). When weighing the cow dung it is important to have a 
battery powered digital pocket scale that measures two decimal positions (0.01g). These 
experimental units will be left in the field for 48 hours. After this period, the remaining 
dung left on the surface will be cleaned with a paintbrush and/or tweezers in order to 
remove all the soil attached to it, paying also attention to remove any possible dung 
beetles (especially endocoprids) that could be inside of it. Afterwards each dung pad 
will be placed inside a separate paper bag and weighed (fresh) together with the paper 
bag. Each paper bag should be labelled and placed inside a plastic bag to make it easy to 
transport. In the laboratory, you can dry the dung without removing it from the paper 
bag at 80 ºC (176 ºF) for 72 hours and weigh it (dry). In addition, you need to weight an 
empty paper bag, then dry it, and weight it again in order to subtract this weight. 

 

 
 
Figure 1. Experimental unit (A) and control unit (B). 
 

At each sampling point, 5 control units should be placed in a manner that allows 
evaluating how much weight is lost by evaporation and by the action of other 
organisms. Each control unit consists of 300 g of fresh cow dung placed directly on the 
ground surface (again, cleared of large plants), that must be totally covered (except the 
bottom part, so that the dung should be in contact with the soil surface) with a very fine 
polyester white or green mesh fabric (mosquito net – diameter of holes should be < 2 
mm) to avoid any dung beetle getting inside (Fig. 1B and Annex 2). It is important to 
dig in the borders and bury the net at least 5 to 10 cm into the ground to prevent dung 
beetles to enter the enclosure. If necessary, shrubs or forbs shall be removed, and/or 
hard soil crusts shall be broken using a small hand fork, trowel, hoe, shovel or 
gardening rake, to ensure that the conditions of the soil below the control dung pat are 
similar to those of the experimental units. The control units will be left in the field for 
48 hours, simultaneously with the experimental units. After this period the control dung 
should be cleared of the pieces of earth that might be attached to it, placed inside a 
paper bag and weighed (fresh); afterward each paper bag should be placed in a separate 
plastic bags and be taken to the laboratory. In the laboratory, each dung should be dried 
(without being removed from the paper bag) at 80 ºC (176 ºF) for 72 hours and 
weighted again (dry).  



In addition, as a second “control” measure, it is important to weigh directly a 
portion of 300 g of fresh dung and dry it (without going to the field) at 80 ºC (176 ºF) 
for 72 hours. Ideally, the fresh dung should be weighted right after you collect the dung 
that you will take to the field; this dung can be placed in a separate paper bag (and 
placed inside a plastic bag) and then taken to the laboratory. This second “control” will 
allow us to know the percentage of dung that is composed by water. 
 
All the weight measurements should be repeated three times, in order to reduce the 
usual error associated with any measurement.    
 
 

§ Experimental setting 
 

In terms of the time of the year (season) we suggest that each research group take 
its own decision of when is the best moment of the year to do the experiment and 
sampling. We recommend that a “good time” of the year should be the higher pic of 
richness and abundance of dung beetles for each specific region. At each sampling point 
(grassland condition) a 450 m transect composed by 10 experimental units placed at 50 
m from each other will be set up (Fig. 2). Five control units will also be set, 50 m apart 
from this transect (Fig. 2). Both experimental and control units must be located in the 
grassland far away from any type of arboreal vegetation and left in the field for 48 
hours. In some regions it is possible that cows could be curious, stepping the traps or the 
experiments or maybe eating the plastic, so we recommend checking frequently the 
experiments and the traps. In some extreme cases, you could encase the entire pitfall in 
some sort of cage if it is absolutely necessary. In addition, it is important to be careful 
and have some safety considerations during the whole experiment and sampling 
procedure, because in some regions working with cows could be risky. 
 
 

 
Figure 2.  Setting of the linear transect with experimental (white circles) and control 
units (black circles). 
 
 



§ Sampling of dung beetle assemblages 
 

Dung beetle assemblages can be sampled right after performing the dung removal 
experiments. In fact, this part of the protocol could be established the same day the 
experiment described above is removed from the field, the next day or 24 hours after. It 
is important to do the sampling during the next 48 hours after the experiment to ensure 
that the structure of the dung beetle assemblage does not change. Sampling will consist 
of a transect with 10 baited pitfall traps that will be the sampling units (Fig. 3 and 
Annex 3). Each trap will be a plastic bucket of 3 L (3000 ml) that will be buried at 
ground level and filled with 1.5 L of water (depending on weather conditions) + 4 
spoons of kitchen salt (NaCl) + 2 spoon of scentless soap (preservation fluid). We 
suggest that you prepare the preservation liquid in the laboratory, previously to go to the 
field (30 L of water + 2 k of salt + 1 L of soap). On top of this, a squared plastic or 
metallic chicken mesh of 25 x 25 cm (2 x 2 cm holes) will be pinned down to the 
ground by four metal wires placed at each corner of the mesh. 300 g of fresh cow dung 
will be placed on top of this mesh (Fig. 3). It is recommendable to try to use a dung 
quality that has a suitable consistency to avoid that it slips or drips inside the pitfall trap. 
You can add a rain plastic guard (a white plastic dish) over the trap in order to prevent 
the disintegration of the dung and a possible flood. Samples will be collected in 
individual containers 48 hours later with ethanol (70-96%) and will be labeled with a 
pencil on a piece of paper. Finally the traps will be removed. 

 

 
 
Figure 3. Pitfall trap design. 
 
 
It is also important that you will have the local private permissions of the owners of the 
land where you are going to put the experiments and traps, but also the official 
collecting permits, if it is necessary to have one, of the area that you are going to 
sample. The rules and procedures in each country about collecting in private or regional 
areas are totally different, so be sure that you are not going to have any problem. Also, 
many pastures are enclosed with electric fences; be sure they are disconnected before 
you start working. 



1. LABORATORY WORK 
 
3.1   Dung beetle identification, trait measurement, and functional groups 
 

All the dung beetles (Scarabaeidae: Aphodiinae and Scarabaeinae and 
Geotrupidae) of each sample will be identified to the species level or to the lowest 
taxonomic level possible. If individuals are assigned to morphospecies they should be 
photographed. Each species will be assigned to functional groups defined by food 
relocation behavior: Paracoprids (tunnelers), Telecoprids (rollers) and Endocoprids 
(dwellers). Ten individuals from each species will be selected randomly to measure, 
with a digital caliper, nine morphological traits (Fig. 4 and Annex 4). If the species that 
you collect are present in both areas, select 5 and 5 individuals for each grassland 
condition. If the species is just found in one grassland condition select 10 individuals 
from that one. If the species have less than 10 individuals in total, measure all the 
individuals that you collect to sum 10 individuals for that species. Morphological traits: 
i) HL= Head Length; ii) HW= Head Width; iii) PL= Pronotum Length; iv) PW= 
Pronotum Width; v) PH= Pronotum Height; vi) EL= Elytron Length; vii) pTL= 
proTibia Length; viii) pTW= proTibia Width and ix) mTL= metaTibia Length. 

 
Figure 4. Description of the traits that need to be measured (see Annex 4). 



3.2   Dung beetle biomass 
 

The same 10 individuals randomly chosen before will be used to measure the 
biomass. Before drying the specimens it is important to clean them carefully with 
alcohol and a thin paintbrush in order to eliminate any soil particles attached. They will 
be dried at 80 ºC (176 ºF) for 72 hours. If the species is present in both grassland 
conditions (intensive and extensive), weigh 5 individuals of each site separately. If not, 
weigh 10 individuals of the site were the species is present. 
 
 

1. SAMPLING AND LABORATORY PROCEDURES (summary) 
 
(sampling) 
 

• Choose two grasslands with different management intensities: intensive vs. 
extensive. 

• The position of the experimental units should depend on the area in which each 
team will work. We recommend a linear transect of 10 experimental units. The 
distance between each experimental unit must be of 50 m, so the linear transect 
will be of 450 m (Fig. 2). 

• Weigh 300 g of fresh cow dung for each experimental and control unit and place 
it on top of it. 

• Set the five control units 50 m apart from the experimental transect (see Fig. 2), 
following the point 3 described above. Cover the control units with a mesh that 
will protect the dung from any insect. 

• After 48 hours, remove the dung, carefully clean all pieces of dirt from it, put 
the dung inside a separate paper bag and weight the dung (fresh) of the 
experimental and control units. 

• In the same place where the experimental units were set, install the pitfall traps 
with 300 g of fresh cow dung.  

• After 48 hours collect each sample from each trap in a single container (plastic 
bag or jar) with ethanol (70-96%), mark each sample with a pencil in a piece of 
paper and remove the traps. 

 
(laboratory) 
 

• Dry at 80 ºC (176 ºF) for 72 hours one portion of fresh dung (300 g), the 
remaining dung in the experimental units, and the dung of the control units and 
weigh all of them. 

• Identify the dung beetles of each sample to species level. If individuals are 
assigned to morphospecies they should be photographed. 

• Quantify abundance and richness in each sample. 
• Assign each species to a functional group defined by food relocation behavior. 
• Ten individuals from each species will be selected randomly to measure, with a 

digital caliper, the nine morphological traits. 
1. Dry at 80 ºC (176 ºF) for 72 hours the 10 random individuals that you select for 

trait measurements and weigh them individually. 



The amount of time in the field should be around 5 days of work (a bit more if you add 
more sites or if the sites are very distant from each other), and two persons can easily do 
all the fieldwork. The amount of time in the laboratory, identifying the samples to a 
genus-species level (morphospecies + pictures), will depend on your expertise and 
knowledge of the dung beetles of the area, but we calculate that it could take around 6-7 
days (1 pitfall trap x 3 hours). The time to do the measurements of the 9 traits, thinking 
that you could collect around 10-15 species between the two grasslands will be around 
15-18 hours (5 minutes for 9 traits x 10 individuals x 10-15 spp.). In addition, you will 
need 72 hours (simultaneously) to dry the remaining dung from each experiment unit 
and the dung from each control unit. The total amount of time for both field and 
laboratory work should be around three weeks. You can use the following timetable: 
 
 

Day 1 Set the dung removal experiment and the controls at two sites (48 hours) 
Day 2 (+24 hours). 

Day 3 
(+48 hours) Collect data from the dung removal experiments and the 

controls assessing the site that was set first before. 
In the laboratory start drying all the samples. 

Day 4 Set pitfalls traps at these two sites (48 hours). 
Day 5 (+24 hours). 
Day 6 (+48 hours) collect the pitfall traps at the two sites. 

Day 7 
Identification of the samples (to species level). 

Weight all the dry samples from the experimental units and the controls 
that were left in the oven during the last 72 hours. 

Day 8 (id.) 
Day 9 (id.) 

Day 10 (id.) 
Day 11 (id.) 
Day 12 (id.) 
Day 13 (id.) 
Day 14 (id.) 
Day 15 Measurements of the traits. 
Day 16 (id.) 
Day 17 (id.) 
Day 18 Dry the sample specimens of each species at 80 ºC (72 hours). 
Day 19 (+24 hours). 
Day 20 (+48 hours). 
Day 21 (+72 hours) weight the specimens of each species. 

 
 
 
 



5.   INFORMATION THAT YOU SHOULD SEND US 
 

The deadline to participate in this worldwide experiment is December 2016, so there 
is one year to do the fieldwork and the laboratory work. We need to know the history of 
land use of the area (last 10-20 years) that was selected for the experiment. This 
information (together with the data regarding the experiment and sampling) should be 
sent back to us using an Excel file that we will send you soon (please give us as much 
detail and accuracy as possible): 
 

• Precise geographical coordinates? 
• Which is the approx. cattle density per site (number of cows per hectare)?  
• Which species/breed of cattle uses that site? 
• Did the ranchers use any kind of anthelmintic (Ivermectin) with the cattle? What 

type? Frequency, amount, and how long has it been used? 
• How is the climate? Seasonality? Precipitation regime? 
• What is the average temperature? 
• What is the average humidity percentage? 
• How long has the site been used for pasturing?  
• Which type of ecosystem(s) can be found near or in the surroundings of the 

grassland? 
• Grassland species? Is there any other kind of vegetation in the grassland? Type 

of vegetation? Which is the dominant species? What is the approx. coverage 
percentage between arboreal vs. herbaceous? 

• Which is the type of soil?  
 
Regarding the experiments we will need to know: 
 

1. Weight of the dung (fresh) left on each experimental unit after the experiment is 
completed and after the dung is dried in the laboratory. Refer separately to these 
two weights. 

2. Weight of the dung (fresh) of each control unit after the experiment is finished 
and after the dung is dried in the laboratory.  

3. Weight of the paper bag, before and after is dried in the laboratory. 
4. Weight of 300 g of dung (fresh) that must be dried directly without going to the 

field.  
5. The species identification of each individual found in each pitfall trap. 
6. The abundance of each species found in each pitfall trap. 
7. Assignation of each species to functional groups: Paracoprids (tunnelers), 

Telecoprids (rollers) and Endocoprid (dwellers). 
8. The measurement of the nine traits described above for 10 individuals (5 and 5 

individuals from each grassland condition) for each species. 
9. The biomass (g, with three decimals) for each species found (5 and 5 of each 

group of 5 individuals from each grassland condition). 
 
 



Please, do not forget to check the materials list (Annex 5) to be sure to have 
everything you need, previously to the set up of the experiment and sampling. Finally, if 
there are any doubts or questions related to this protocol please contact us as soon as 
possible. We will be more than happy to help and try to solve any possible problems. 
 
 
Contact information: 
 
Jorge Ari Noriega 
Department of Biogeography and Global Change 
National Museum of Natural Science (CSIC) 
Madrid - SPAIN 
jnorieg@hotmail.com 
+34 662039906 


