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Supplementary Methods 1 

Ripley’s L(r) function and the cross-type Ripley’s L(r) function are methods used to complement the aggregation 

index R and the spatial-association index R*, respectively. Because these functions and indexes have different 

characteristics (Ripley’s L(r) and cross-type Ripley’s L(r) are cumulative, while the aggregation index R and 

spatial-association index R* are not), it is appropriate to use them together to derive the most information from 

the pattern1,2. Ripley’s L(r) is a transformation of Ripley’s K(r) to determine the expected number of neighbours 

in a circle of radius r centred on an arbitrary point in the point pattern3,4. This circle begins at a specified radius 

and is increased until it encompasses the entire study area. Ripley’s K(r) is defined so that λK(r) equals the 

expected number of additional points of the spatial pattern resulting from a random point process, X, within a 

distance r of a point of X, where λ is the intensity (expected number of points per unit area), as in the equation: 

K(r)=πr^2 

To attain constant variance and easier interpretation of the results, Ripley’s K(r) is often transformed into Ripley’s 

L(r): 

L(r)=√(K(r)⁄π) 

The cross-type Ripley’s L(r) is a generalization of Ripley’s L(r) for a categorical marked point pattern and shows 

the expected standardized number of events of one type (e.g., adult trees) for the distance r from the events of the other 

type (e.g., current year seedlings, dispersed magnet-attached seeds or gravity dispersed seeds)4,5. 

We used spatstat, an R package for spatial point pattern analysis4, to calculate the Ripley’s L(r) and the 

cross-type Ripley’s L(r) based on the x, y coordinate of each adult walnut tree, current year seedling, dispersed 

magnet-attached seed and gravity dispersed seed for all plots. Regarding Ripley’s K(r) and the cross-type Ripley’s 

L(r), we estimated confidence intervals using the Monte Carlo method6. Nineteen heterogeneous Poisson patterns 

were simulated as the null model, and the confidence interval was defined as the 5% lowest and highest values of 



  

Ripley’s L(r) and the cross-type Ripley’s L(r) at distance r7,8. The spatstat package was also employed for all 

calculations of Ripley’s L(r) and the cross-type Ripley’s L(r) with the adjustment of edge effects using the isotropic 

method4. 

 

Supplementary Methods 2 

We conducted camera trapping using infrared cameras (Moultrie Digital Game Camera, model D-555i, M-1100i) to 

estimate the density of red squirrels at the squirrel-only and squirrel-mouse sites from September to November 2019. 

The cameras were set to record a 60-s video when triggered, and the delay option was set to the lowest possible setting 

for all cameras (videos could be recorded as little as 5 s apart). The motion sensitivity in all cameras was set to high. 

Camera trapping sessions were 3 days long and involved 18 cameras placed on each 1.0-ha plot where we conducted 

magnet-attached seed tracking. We secured each camera to a tree 1 to 3 m from the corner of the grid and approximately 

10 to 30 cm above the ground such that the intervals between neighbouring cameras were 28 m. Then, we placed peanut 

butter and sunflower seeds in front of each camera on the ground to bait red squirrels at the beginning of the camera 

trapping session. The density of red squirrels was estimated for each plot using hit rates; the total number of videos of 

red squirrels obtained during the camera trapping session by 18 cameras divided by the total effort in camera days (the 

number of 24-h periods each camera was operational for during that filming session). If consecutive videos of 

individuals occurred within 5 min, we grouped them as a single hit to avoid recounting the same individual9. 

To estimate the density of wood mice, we conducted live trapping at the squirrel-mouse site from September to 

October 2019. We placed 61 live traps (The Sherman Traps, 23 × 9 × 7.5 cm) on the ground in each 1.0-ha plot where 

we conducted magnet-attached seed tracking such that the intervals between neighbouring traps were 14 m. Each live 

trapping session was 3 days long. At the beginning of the live trap session, all traps were baited with sunflower seeds 

and oats. Afterwards, we checked the live traps and rebaited them every morning. Captured wood mice were tagged 



  

using permanent markers, and their mass and sex were recorded. Wood mouse densities were estimated using the 

number of individuals captured during the live trapping session (minimum number alive or MNA) divided by plot area. 

  



  

Supplementary Results 1: Spatial aggregation 

Supplementary Figure 1. The spatial aggregation statistic for dispersed magnet-attached walnut seeds and 

gravity-dispersed seeds, L(r), evaluated at a range of distances r for each plot of the squirrel-only, squirrel-mouse 

and control sites. When L(r) (continuous line) is outside the confidence interval (with a risk of α = 0.05; greyscale), 

it indicates that there is evidence against the null model (heterogeneous Poisson pattern; dotted line). Measured 

values below the confidence interval indicate a uniform pattern, and values above the interval indicate a clumped 

pattern. 

* The confidence interval was not obtained because of the small sample size (N = 2) 

 

Ripley’s L(r) confirmed a clumped distribution in all plots excluding one plot of the squirrel-mouse site. Whereas 

the control and squirrel-only sites exhibited a clumped distribution up to different distances r, a significant 

departure from spatial randomness was found in the limited range (more than 10 m in distance r) in one plot of the 



  

squirrel-mouse site. 

Supplementary Figure 2. The spatial aggregation statistic for the current year walnut seedlings, L(r), evaluated at 

a range of distances r for each plot of the squirrel-mouse and squirrel-only site. When L(r) (continuous line) is outside 

the confidence interval (with a risk of α = 0.05; greyscale), it indicates there is evidence against the null model 

(heterogeneous Poisson pattern; dotted line). Measured values below the confidence interval indicate a uniform pattern, 

and values above the interval indicate a clumped pattern. 

* The confidence interval was not obtained because of the small sample size (N = 3) 

 

Although the departure from randomness was not statistically evident in one plot of the squirrel-only and squirrel-

mouse sites, there was a tendency for the value of Ripley’s L(r) for seedlings to fall above the mean value obtained 

from the null model in all plots of the squirrel-only site but fell below in all plots of the squirrel-mouse site.  



  

Supplementary Results 1: Spatial association 

Supplementary Figure 3. The spatial association statistic between the adult walnut trees and dispersed magnet-

attached seeds or gravity dispersed seeds, cross-type L(r), evaluated at a range of distances r for each plot of the squirrel-

mouse, squirrel-only and control site. When cross-type L(r) (continuous line) is outside the confidence interval (with a 

risk of α = 0.05; greyscale), it indicates there is evidence against the null model (heterogeneous Poisson pattern; dotted 

line). Measured values below the confidence interval indicate a repulsive relationship, and values above the interval 

indicate an attractive relationship. 

 

The cross-type Ripley’s L(r) for dispersed seeds confirmed an attractive spatial relationship with adult trees in all 

plots excluding one plot of the squirrel-mouse site. Although the control and squirrel-only sites showed an 

attractive spatial relationship between dispersed seeds and adult trees up to different distances r, the departure 

from independence was confirmed more than 15 m in distance r in one plot of the squirrel-mouse site. 



  

Supplementary Figure 4. The spatial association statistic between the adult walnut trees and the current year 

seedlings, cross-type L(r), evaluated at a range of distances r for each plot of the squirrel-mouse and squirrel-only site. 

When cross-type L(r) (continuous line) is outside the confidence interval (with a risk of α = 0.05; greyscale), it indicates 

there is evidence against the null model (heterogeneous Poisson pattern; dotted line). Measured values below the 

confidence interval indicate a repulsive relationship, and values above the interval indicate an attractive relationship. 

 

Although all plots at the squirrel-only site showed an attractive spatial relationship between seedlings and adult 

trees more than 20 m in distance r, the departure from independence between seedlings and adult trees was not 

always significant in all plots of the squirrel-only and squirrel-mouse sites.  



  

Supplementary Results 2 

Supplementary Table 1. Summary of camera trapping-based hit rates (videos/camera-day) for red squirrels and 

live trapping-based density estimates (individuals/ha) for wood mice. 

 

A total of 8 videos (range 0 to 3 videos per day) of red squirrels were obtained in 202.5 camera days of filming 

effort. The filtering effort for the camera trapping session ranged from 40.5 to 54 camera days, where 1 camera day 

represents one functioning camera deployed for 24 h. The estimated hit rates of red squirrels in each plot during the 

camera trapping session ranged from 0.025 to 0.056 videos/camera days. 

A total of 59 wood mice (range 2 to 18 individuals per day) were captured in live trapping sessions. The 

estimated density of wood mice in each plot during the live trapping session ranged from 27.0 to 32.0 individuals/ha. 
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