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Reference Parameter AE YES/NO    Explanations given in the text

Demographic Allee 
effect

d YES The risk of population extinction is higher when modelling 9 pack population with Allee 
effects rather than direct density dependence.

Pack extinction g YES Higher rates of pack extinction when modelling population of 9 packs with Allee effects 
rather than direct density dependence.

Pack formation g YES
Higher probability of failure to colonize territories by dispersers when modelling a 9 packs 
population with Allee effects rather than direct density dependence.

Allee threshold in 
number of packs

d YES Population reaching a small number of packs (around 5) are likely to go completely 
extinct.

Pup survival c YES Small breeding groups are less successful in rearing young.

Breeding - Litter size c YES Small breeding groups are less successful in producing young.

Hunting efficiency c YES Ability to locate food, kill prey or overrule kleptoparasites decline in small foraging groups 
and can, in turn, reduce individual survival and/or fecundity.

Survival c YES Less efficient in cooperative defence when fewer.

Hunting efficiency c YES
Small packs performed an aditional hunt when they left a pup guard. This result confirms 
the prediction of a high costs of pup-guarding for small packs.

Pup guarding c YES Pup-guarding was significantly more likely in larger packs.

Allee threshold in pack 
size

c YES
A critical threshold at a size of about five individuals: more than 5 adults to feed and 
guard pups.

Pup survival c YES
Comparing survival rates accross populations, pup survival relates positively to population 
density

Pup, yearling and adult 
survival

c NO
Some of the variation in survival is due to density, although the correlations are non-
significant, but they are all strongly negative. Comparing survival rates accross 
populations, adult survival relates negatively to population density.

Breeding - Litter size c YES
Packs of 10 adults or more produced litters twice as large as litters in packs with 9 adults 
or fewer.

Pup survival c YES
Packs of 10 adults or more raised three times more yearlings than packs with 9 adults or 
fewer.

Hunting success c YES
Hunting success (kills/hunt) increase and mean distance of succcessful chases decrease in 
larger packs  (packs > 10 adults).

Hunting efficiency
c YES Mean mass of prey killed and mean number of prey killed simultaneously  increased 

significantly as the number of adult wild dogs increased. 

Population size vs Pack 
size

YES Pack size is not related to population density. (…) Mean pack size holds quite constant as 
density changes.

Pup survival c YES The number of pups raised to one year increases as pack size increases.

Breeding - Litter size c YES The number of pups born increases as the number of adult pack-members increases.
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Hunting efficiency c YES
Kleptoprasitism from spotted hyena would not have a substantial affect on feeding 
performance for large groups of wild dogs. However, kleptoparasitism could have a 
substantial impact on declining populations with small group sizes of wild dogs.

Juvenile survival c YES Pup survival to the age of 9 and 12 months was significantly positively correlated with 
pack size.

Breeding - Litter size c YES Number of pups emerging from the den was positively related to pack size.

Breeding success c NO No evidence of reproductive failure in small packs.

Pup survival c YES Larger packs raised significantly more surviving pups.

Breeding - Litter size c YES Females living in large packs produced significantly more pups.

Breeding - Litter size c YES Smaller packs have a lower reproductive output (significantly smaller litters).

Hunting success c NO No relationship between pack size and the likelihood of success once a chase had been 
initiated. 

Energy balance c YES Positive relationship between pack size and the net rate of energy intake up to a pack size 
of 10.

Pack extinction g YES
Small packs are energetically compromised. With reduction in group size resulting in 
lower net foraging gains and smaller litters and eventually in group extirpation.

Additional File 1. A. Parameters in which Allee effects (AE) and pack-population sizes relationship have been described in Lycaon pictus within 
the last decade. 
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Reference Parameter AE YES/NO    Explanations given in the text

Demographic AE d NO Population growth rate was significantly negatively related to population size.

Pup, yearling and adult 
survival

c NO No component Allee effects at the pack level (litter size, number of pups raised to 1 year, 
annual survival rates for pups, yearlings and adults).

Survival of dispersers c NO Pack size did not influence annual survival rates of dispersers.

Disperser group size c NO Pack size did not influence disperser group size.

Breeding -Litter size c NO No component Allee effects at the pack level explained by low interspecific competition 
and high prey availability.

Pack formation g YES The annual number of pack formation events was positively related to the number of 
existing packs.

Population size vs Pack 
size

YES Population size was more positively related to the number of packs than to pack size.

Pup, yearling, adult 
survival

c NO Pack size did not have a significant effect on number of pups surviving to one year of age, 
pup, yearling or adult survival effect.

Breeding -Litter size c YES Pack size had a significantly positive effect on litter size

Demographic AE d NO A marginally nonsignificant trend suggested that the rate of population growth might have 
been related negatively to population size.

Pup survival, survival 
all

c NO Although small packs raised fewer pups than did larger packs, even the smallest packs 
successfully raised some pups and thus increased in size

Breeding -Litter size c YES Larger packs produced larger litters

Breeding success c NO Breeding failure did not appeare more frequent in smaller packs.

Pack extinction g NO Pack extinction did not appeare more frequent in smaller packs.

Allee threshold in pack 
size

g NO
No evidence was found of a critical pack size below which either reproduction or pack 
survival was compromised. 

Population size vs Pack 
size

NO
Because population density increased over time, subsequent analyses use time as a proxy 
for density (…) No significant effect of pack size occurred over time.

Demographic AE d NO No relationship between per capita population growth rate and population size.

Pup survival c YES Pup survival was lower in smaller packs and higher at medium pack sizes.
Adult & Juvenile 
survival

c NO Absence of an Allee effect related to the survival of either adults or yearlings.

Dispersers survival c YES Positive density dependence in the survival of dispersers. 

Disperser group c NO Larger packs did not produce larger groups of dispersers in this population

Breeding -Litter size c YES Litter size was positively and significantly correlated with pack size, showing an Allee 
effect related to reproduction at lower pack sizes

Per capita productivity c YES
Smaller packs had lower productivity than did packs of medium sizes. Using the estimated 
quadratic fit, the pack size that maximized the per capita productivity was 10.20 
individuals. 

Pack creation g YES
The number of pack formed was positively related to the number of existing packs but 
was independent of population size. The size of the starting pack was also independent of 
population size

Pack life spam g YES
There was a significant, positive relationship between mean pack size and pack life span: 
smaller packs had the shortest life span. 

Pack growth rate g YES

There was a quadratic, significant relationship between annual pack size and annual per 
capita pack growth rates (...). We estimated that pack growth rate was positive at pack 
size equal to, or higher than, 4 individuals and was maximized at pack size equal to 10.25 
individuals. 

Pack size Allee 
threshold

g YES
At the group level, we show that a pack’s growth rate depends on its size, and that it is 
positive when there are four or more individuals in the pack

Pack size optimum g YES
Throughout our analyses, our results are consistent in showing an optimal group 
performance of 10-12 pack members

Population size vs Pack 
Size

NO

Pack sizes were independent of population sizes, showing that small and large packs 
coexist irrespective of population size. The number of packs was correlated to the number 
of individuals in the population, showing that a large population is comprised of more 
packs than in a smaller one.

Note: Before the year 2000, literature on the effects  of pack size is reviewed by Courchamp & Macdonald 2001, Table 1.

Additional File 1 (cont). A. Parameters in which Allee effects (AE) and pack-population sizes relationship have been described in Lycaon pictus 
within the last decade. 
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Ref Country Location

Total 
area 

(Km2) Date range Density range
Number 
of packs

Pack size 
range Pack mean

Trend 
along 
study

3 Z Hwange National Park 5 years

4 T Selous Game Reserve 2600 1991-1996 A: 48-63 (40) B: 880 C: 3-20 8,9 ad S

5 SA Kruger National Park 4280 1989-2003 A: 19-39 A: 8 to 12 A: 2-36 10,4

T Selous Game Reserve 2600 1991-1997 A: 35-46 (38) 7 A: 2-24 or 
2-52

8,9 ad or 18,9 
ad+yy+pups

B Northen Botswana 2600 A: 5 to 35, B: 700-850 A: 6 to 13 A: 2-30 10,4 ad+yy
TOT: 9480

6 T Serengueti 1964-1987 B: 0-100 D
7 SA Kruger Nat Park 1989-2004 B: 30
8 B 3000 15 years C: 700-986 B: 78-88 C: 2-30 10.4
9 Z Hwange National Park 5500 8 years B: 0-21 I

A: 0,3-3,4 (1.6)

B: 3-31 (14.1)
11 SA 380 1995-2006 C: 1.7 A: 2-17 6.2 Ri

B: 10-200 (core area)

B: 50-290 (all study area)
13 Z Hwange National Park 6000 1989-2002 D: 7-53 (22) A: 1 to 6 I

Country: B: Botswana; K: Kenya; SA: South Africa; T: Tanzania; Z: Zimbabwe.
Density range: A: indiv/1000km2, B: individuals, C: adults, D: Individuals/year (mean in parenthesis)
Number of packs: A: per year, B: total number of packs studied, C: Mean pack number
Pack size range: A: individuals, B: adults + yealrings, C: adults
Population trend: D: decreasing to extinction,  I: increasing, Ri: reintroduced; Rc: recolonization from absence along 20 years; S: Stable
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10 SA Hluhluwe-iMfolozi Park 1980-2004 A: 2-24 8.1 Ri
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