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The value of non-breeding social groups

1) Thermoregulation
2) Increased feeding 

efficiency
3) Defense against 

predators
a) Individual vigilance 

decreases
b) Group vigilance increases
c) Increased speed of 

predator detection



Stable Group Size
These variables promote 
limits to group size
•“stable group size”
the range of sizes that 
varies between the size at 
which the group’s 
members direct fitness 
equals that of solitaries. 
•“optimal group size”
the point in which 
individual fitness is 
maximized.



Northern bobwhite covey size behavioral dynamics

< 7 8-14 >15
Time feeding - 0 +
Mass change + 0 -
Predator vigilance - 0 +
Thermoregulation - + +
Survival - + -



Covey size and mean daily movement



Covey size and mean daily movement
Readily 
collapse and 
join other 
coveys

Rarely 
break 
apart



Goals
• Small and large coveys are moving more.  Is 

that bounded movement or are they getting 
the hell out of Dodge? And in either case, 
why?

• Quantify movement patterns and habitat use 
• Correlated random walk models

• Summarize search strategies/ movement patterns into 
measures of daily movement distances and turning angles 

• Fractal dimension analysis 
• Relate animal movement patterns to the spatial patterns of 

the distribution of their resources 
• Habitat Use: Compositional analysis



Eastern Lyon, 
Western Osage 
and Coffee 
Counties

Field study areas

Kansas

2.6 km2



Data
• Covey-week considered 

independent sampling unit with 
known covey size and 5 
consecutive locations (4 daily path 
distances [l], 3 turning angles [θ ]). 

• 195 covey weeks, Oct-Feb 1997-
2000
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First test: simple random walk model
• Test whether organisms travel in a random fashion with 

uniform distributions of turning angles 
• Smallest coveys (1-4 indv) are uniform in turning angles. 

Small coveys (1-8) different from larger coveys



Fractal Dimensions
• The fractal 

dimension (D) 
indexes overall 
complexity of an 
animal’s 
movement 
pattern at 
multiple scales. 

• D ~ 1 = directed 
straight line 
movements 

• D ~ 2 = 
brownian
diffusion that fills 
a plane 



Fractal Dimensions: small groups (1-4)

• Linear searching behavior at 
small scales (100 m: D = 1.3) 
yet tortuous home range scale 
(700 m: D = 2.0)

• Because habitat patches are 
typically several hundred meters 
in diameter, this result suggests 
that small scale movements are 
very directed but over a large 
scale they are searching across 
multiple habitats. 



Fractal Dimensions: medium sized groups (9-16)

• Small-scale (100 m) 
movement patterns are 
moderately directed (D =1.6), 
at larger scales their 
movement patterns become 
strongly linear (D =1.00).

• Suggests coveys at small 
scales make a thorough 
search of habitats for 
resources, yet at large scales 
tend to move linearly among 
habitat types (such as 
through linear corridors of 
woody cover).



Fractal Dimensions: Large groups (<17)

• Although increased daily 
movement, shows no 
trend in fractal 
dimension of their 
movement across scales 
(D = 1.37).  



Habitat selection by coveys
• 3rd order compositional analysis to determine 

preference/avoidance of major land use categories
• Used habitat – average percentage of cover types 

observed within the independent covey-week.
• Available habitat - % within study area. 



Habitat 
selection



Summary: Optimal Coveys
Low daily 
movement

Moderately tortuous at small spatial 
scales but linear at large scales

Preferred weekly use of 
woody habitat (corridors)

Higher daily survival, 
Low covey breakup



Summary: Small Coveys
High daily 
movement

Linear searching behavior at small 
scales yet tortuous home range scale.  

Daily searching and returning

Lower use of woody habitat 
(corridors), preference for open 

idleland

Lower daily survival, 
High covey breakup



Summary: Large Coveys
High daily 
movement

Moderately tortuous at all spatial 
scales

Lower use of woody habitat 
(corridors), preference for ag 
and pasture

Low feeding 
efficiency, lower daily 
survival



Management 
implications for small 
coveys and habitat 
fragmentation
• Small coveys are willing to move outside of habitat 

corridors and across fragmentation for membership 
change. Increases mortality.

• In areas with low and isolated populations (and 
therefore increasing numbers of small coveys), rate of 
population decline could be even faster.

• Promote travel corridors and decrease fragmentation 
at landscape scale. Remember my 2004 challenge to 
reverse our scale of management!
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