
Appendix 3. Description of model structure. 

 Our models closely followed the model developed by Sollmann et al. (Sollmann et al. 

2016). Bird abundance was modeled with a negative binomial distribution with a mean of 𝜆𝑗,𝑡,𝑠 

for point j, year t, and species s and a dispersion parameter 𝑟. Bird abundances were modeled in 

separate models for spring and winter. There were also two separate models within each season, 

one which included a categorical OHV use effect, and one with a continuous covariate of trail 

area in OHV use areas. We modeled mean abundance 𝜆𝑗,𝑡,𝑠 as a function of covariates such that: 

𝑁𝑗,𝑡,𝑠~Negative Binomial(𝜆𝑗,𝑡,𝑠 , 𝑟) 

For the categorical OHV use model: 

log(𝜆𝑗,𝑡,𝑠) =  𝛼0,𝑠 + 𝑂𝐻𝑉𝑢𝑠𝑒𝑠 +  𝑌𝑒𝑎𝑟𝑡,𝑠 + 𝐻𝐴𝐵𝑒𝑓𝑓𝑘,𝑠 

For the trail area model: 

log(𝜆𝑗,𝑡,𝑠) =  𝛼0,𝑠 +  𝛼1,𝑠 ∗  𝑇𝑟𝑎𝑖𝑙𝐴𝑟𝑒𝑎𝑗 +  𝑌𝑒𝑎𝑟𝑡,𝑠 + 𝐻𝐴𝐵𝑒𝑓𝑓𝑘,𝑠 

The 𝑂𝐻𝑉𝑢𝑠𝑒𝑠 term represents the categorical effect of OHV use on each species s included in 

the model. 𝑌𝑒𝑎𝑟𝑡,𝑠 represents the categorical effect of year t of survey on species s, with the 

effect of 𝑌𝑒𝑎𝑟1,𝑠 set to zero for identifiability and corresponding to the first year surveyed. 

𝐻𝐴𝐵𝑒𝑓𝑓𝑘,𝑠 represents the categorical effect of habitat class k on on species s, with 𝐻𝐴𝐵𝑒𝑓𝑓1,𝑠 set 

to zero for identifiability and corresponding to chaparral habitat.  𝑇𝑟𝑎𝑖𝑙𝐴𝑟𝑒𝑎𝑗 represents the area 

covered by trails within a 100 m radius of a bird survey point j at points open to OHV users. The 

𝛼0,𝑠 term is the species specific intercept and 𝛼1,𝑠 is the coefficient representing the effect of 

OHV trail area on species s. 

 Detection probability g(x) for each species was modeled as a function of distance x to 

each bird observed, by either a negative-exponential function; 

𝑔(𝑥) = exp (
−𝑥

𝜎
) 

 or half-normal function;  

𝑔(𝑥) = exp (
−𝑥2

2𝜎2
) 

 

and covariates on detection were linked to the detection function such that: 

log(𝜎𝑗,𝑡,𝑠) =  𝛽0,𝑠 +  𝛽𝑠
′𝑌𝑗,𝑡 



Where 𝜎𝑗,𝑡,𝑠 is the scale parameter which describes how detection probability varies for species s 

which was detected at point j during year t. The parameter 𝛽0,𝑠 is a species specific intercept for 

σ, and 𝛽𝑠
′ represents all coefficients for each detection covariate Y included in the model. The 

inclusion of either the negative-exponential or half-normal detection in the final model, and the 

determination of which detection covariates to include was based on the Bayesian P-value of the 

detection models. Detection probability was linked to abundance such that: 

𝑛𝑗𝑡𝑠  ~ Binomial(𝑁𝑗𝑡𝑠 , 𝑝𝑗𝑡𝑠) 

where detection probability, 𝑝𝑗𝑡𝑠 , is the output of the detection function g(x) defined above and 

𝑛𝑗𝑡𝑠 is the observed count of bird clusters (see Methods for definition) for for species s which was 

detected at point j during year t. 

 Parameters for each species, with the exception of the zero inflation parameter 𝑟, and 

their mean and standard deviation are drawn from a common distribution informed by all species 

in each model. This means we assumed that the estimate of a parameter came from an overall 

community distribution, which we call the hyperdistribution. For instance, the intercept for 

abundance 𝛼0,𝑠 is drawn such that: 

𝛼0,𝑠 ~ Normal(μ𝛼0 , 𝜎𝛼0) 

Hyperparameters for 𝛼0,𝑠, mean μ𝛼0 and standard deviation 𝜎𝛼0  given precision 𝜏𝛼0, are drawn 

such that: 

μ𝛼0 ~ Normal(0, 10) 

𝜎𝛼0 =  
1

√𝜏𝛼0

 

𝜏𝛼0 ~ 𝑔𝑎𝑚𝑚𝑎(0.1 , 0.1) 
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