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SUPPLEMENTARY MATERIAL 

Rewilding by wolf recolonisation, consequences for game ungulate populations and 

game hunting 

Mariano Rodríguez-Recio, Camilla Wikenros, Barbara Zimmermann, Håkan Sand 

- Ungulate density and distribution 

Ungulate species un: 

u1 = Moose 

 u2 = Red deer 

 u3 = Fallow deer 

 u4 = Roe deer 

 u5 = Wild boar 

 

The estimated total number of individuals per municipality of each ungulate species above 

(Nun) resulted from applying to the number of harvested individuals of each species (Hun) a 

conversion factor on the reproductive rates per species cfn. This factor was equal to 0.27 for 

moose (Jonzén et al., 2013), 0.31 for red and fallow deer (Gaillard et al., 2000), 0.16 for roe 

deer (Melis et al., 2013), and 0.4 for wild boar (Massei et al., 2015): 

𝑁𝑢𝑛 =
𝐻𝑢𝑛

𝑐𝑓
 

The density of each ungulate species per municipality (dun) was calculated by dividing the 

number of individuals of each species in each municipality (Nun) by the area of each 

municipality. Thus, the total ungulate density per municipality (Tdu) was: 

 𝑇𝑑𝑢 = ∑ 𝑑𝑢𝑛

5

𝑛=1

 

The proportion of the n ungulate species in the community (Pun) resulted from: 

𝑃𝑢𝑛 =
𝑑𝑢𝑛

𝑇𝑑𝑢
 

- Prey selection and wolf kill rates 

The average edible ungulate biomass available to wolves per individual of each ungulate 

species un (bun) was estimated as 114 kg for moose, 65.1 for red deer, 43.4 for fallow deer, 15 

kg for roe deer, 17.25 for wild boar (H. Sand unpublished data, Sand et al. 2008, 

Zimmermann et al. 2015). Thus, the total biomass of each ungulate species un available to 

wolves per municipality (𝑇𝑏𝑢𝑛
) was:  

𝑇𝑏𝑢𝑛
=  𝑁𝑢𝑛  ×  𝑏𝑢𝑛 
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, and the total biomass of ungulates available to wolves per municipality (Tbu) was: 

𝑇𝑏𝑢 = ∑ 𝑇𝑏𝑢𝑛

5

𝑛=1

 

Thus, the proportion of total biomass per ungulate species un available to wolves (𝑃𝑏𝑢𝑛
) was: 

  

𝑃𝑏𝑢𝑛
=

𝑇𝑏𝑢𝑛

𝑇𝑏𝑢
 

However, an average wolf pack size of 4.26 individuals in Scandinavia would require under 

the exclusive presence per municipality of one of the ungulate species un a total biomass 

(𝑃𝑎𝑐𝑘_𝑏𝑢𝑛
) of 8197 Kg per year of either roe deer, red deer, fallow deer, or wild boar, or 

12442 kg of moose (due to the fact that moose was consumed on average only by 70% and 

the assumption that the other smaller ungulate prey species were consumed to 100%). 

Moreover, under a theoretical equal availability of the ungulate species present in a given 

municipality and an equal preference of selection by wolves, these would consume the 

proportional part of the 12442 kg of moose, if this species is present, and of the 8197 kg of 

the rest of any of the other ungulates species present in the municipality. Thus, considering 

the availability in the municipality of the species un as 1 (presence) or 0 (absence), the 

theoretical proportional biomass of each species to a wolf pack considering equal availability 

(α) was: 

 α𝑢𝑛
= 𝑃𝑎𝑐𝑘_𝑏𝑢𝑛

× ∑
1

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦(𝑢𝑛)
  

5

𝑛=1

 

Because wolves select some prey species over others, we applied the following identified 

selection ratio reported in (Sand et al., 2016) and (Jędrzejewski et al., 2012) for each ungulate 

species un (𝑠𝑢𝑛
): 

 Moose: 𝑠𝑢1
 = 1 

 Red deer: 𝑠𝑢2
 = 1.5 

 Fallow deer: 𝑠𝑢3
 = 1.5 

 Roe deer: 𝑠𝑢4
 = 1 

 Wild boar: 𝑠𝑢5
 = 0.5 

 

Because variations in the selection ratio depending on the species densities means different 

proportions of prey species killed, it is required to adjust the number of individuals killed 

depending on the composition of prey species. Thus, considering the selection ratio and 

different availability of each ungulate species given by 𝑃𝑏𝑢𝑛
, the final available biomass per 

ungulate species un and municipality for a wolf pack (β𝑢𝑛
) was: 

β𝑢𝑛
= 𝑃𝑎𝑐𝑘_𝑏𝑢𝑛

× 𝑃𝑏𝑢𝑛
×  𝑠𝑢𝑛

 

, that resulted in Kun number of ungulates killed per wolf pack, year, and municipality: 

𝐾𝑢𝑛 =  β𝑢𝑛
×  bun 
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- Assumptions 

Table S1.- Description of the assumptions made in the research, the area of origin of the data that 

justified the assumptions (if any) and the references to the articles that supported them (if any). 

 Assumptions Data sources References 

Ungulate 

population 

size 

A1.- A relationship between 

harvest size and the total 

population size of each ungulate 

species. 

A1.- Sweden A1.- Mattisson et al. (2013); 

Ueno et al. (2014) 

Ungulate 

density 

A2.- Harvest alone 

approximately equated the yearly 

reproductive rate of the ungulate 

populations. 

A3.- The reproductive rates for 

fallow deer were equal to red 

deer. 

A4.- The sum of the registered 

annual harvest and the estimated 

wolf predation approximately 

equated the yearly reproductive 

rate in the prey population (i.e. 

harvest + wolf predation and 

other sources of mortality 

roughly balanced prey 

populations at some level). 

A2.- Sweden and 

Europe. 

A4.- Based on 

data on moose 

and roe deer in 

Sweden. 

A2.- The reproductive rates 

were taken from Jonzén et al. 

(2013) for moose, Melis et al. 

(2013) for roe deer, Gaillard et 

al., (2000) for red deer, and 

Massei et al. (2015) for wild 

boar. 

A4.- Wikenros et al., (2019), 

https://algdata-

apps.lansstyrelsen.se/algdata-

apps-stat 

Prey 

selection 

A5.- Prey selection ratios in 

Scandinavia were equal to those 

in Poland and assumed a 

selection proportional to the 

occurrence of the species. 

A6.- Selection for roe deer was 

equal to that of red deer. 

A5.- Scandinavia 

and Poland 

A5.- Sand et al. (2016) and 

Poland (Jędrzejewski et al. 

(2000, 2012) 

Wolf kill 

rates 

A7.- Consumption of 100% of 

the available biomass for all the 

ungulate species but for the 

moose. 

A8.- The daily edible biomass for 

the ungulate species other than 

moose in Sweden was the same 

than in Poland, i.e. 5.3 kg per 

wolf. 

A9.- Capped type 1 functional 

response:  the total annual kill of 

a prey species is linearly related 

to its relative abundance in the 

ungulate community, and the 

level of saturation (cap) 

determined by the maximum 

annual total kill of each prey 

species. 

A8.- Poland 

 

A8.- Jędrzejewski et al. (2002) 

Estimating 

wolf density 

A10.- The three deer species 

other than the moose contributed 

to determining the wolf territory 

size. 

A10.- Sweden A10.- Mattisson et al. (2013), 

Jędrzejewski et al. (2007) 
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