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Section S1: Supplemental methods 

S1.1 Annual mortality survey protocol 

During each annual census, field crews checked all trees to record their current status as 
either live or dead. For trees that died in the current year, the crew documented basic mortality 
information, tree condition codes and factors associated with death (FAD). Each dead tree was 
assigned at least one FAD. Tree condition codes were recorded when applicable, depending on 
the physical form of the dead tree. In this study, pathogen corresponds to the “Biotic–Disease” 
category under FAD; insect corresponds to “Biotic–Insect” category under FAD; suppression 
corresponds to “Biotic–Suppression” category under FAD; and animal corresponds to “Biotic–
Animal damage.” category under FAD; mechanical damage corresponds to “Physical” category 
under FAD.  

For trees that were alive during the census but exhibited forms indicating potential mortality 
risk, condition codes were recorded from the tree list. These potential forms represent trees 
showing visible signs of physical injury, biotic infection, or bark beetle damage.  

All field crew members were trained prior to the mortality survey by the Principal 
Investigator of the project (Lutz), every year.  
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S1.2. Deadwood distance and sensitivity diameter selection test 

For each piece of deadwood, we calculated the distance to the nearest dead Taxus and 
selected the shortest distance for analysis. Each deadwood piece was characterized by three 
measurements: large-end diameter (DLE), small-end diameter (DSE), length of dead wood (L, 
from large end to small end). The mapped location of each piece was determined relative to 
mapped trees (Lutz et al. 2021). Using these measurements, we identified the nearest Taxus to 
each deadwood piece and computed the diameter of deadwood at the nearest point (Dnearest point).  

A conceptual diagram of the nearest distance mearsurement is provided in Figure S 5, and 
the diameter at the nearest point was calculated using the following equation: 

𝐷!"#$"%&	()*!& = 𝐷+, −
(𝐷+, − 𝐷-,) × 𝑑

𝐿  

Where DLE is the diameter of large end side of deadwood, DSE is the diameter of small end 
side of deadwood, d is the nearest distance between Taxus and deadwood, and L is the distance 
from the large end to small end, following the methods of Birch and Lutz (2023).  

We conducted a sensitivity analysis to determine the critical size threshold eventually 
associated with Taxus mortality. We classified deadwood diameter (D nearest point) from 1 cm to 60 
cm in 5 cm intervals. We then applied the bivariate inhomogeneous pair correlation function to 
examine the relationship between the deadwood and dead Taxus. The value of ginhom (r) >0 
indicates positive relationship, suggesting aggregation of deadwood around dead Taxus whereas 
ginhom (r) < 0 indicates a negative relationship, suggesting a lower chance of deadwood being 
around dead Taxus. There was a significant positive relationship for r < 1.2 m and the strength of 
the aggregation dropped at diameters larger than 10 cm (Figure. S3).  
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Section 2: Supplemental figures and table 

 
Figure S 1. Monthly components of the water balance (a) using 30-year climate normal (1990-
2020) calculated using a Thornthwaite method using PRISM 800 m data (Daly et al. 2008); (b) 
annual climatic water deficit between 2000 and 2024 using PRISM monthly 4 km data (Daly et 
al. 2008). 
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Figure S 2. Annual mortality rate (%) between 2010/2011 and 2024 of tree species with the 
highest basal area in the Wind River Forest Dynamic (a) and variability in mortality (b).  
Annual mortality variance for each species, grey dot represent the annual mortality in each 
census period. 

 
Figure S 3. Sensitivity analysis for the aggregation of deadwood and dead Taxus by different 
diameter classes and distances (r). Each line represents different distance under ginhom (r). A value 
of ginhom (r) >0 indicates positive relationship, suggesting aggregation of deadwood arround dead 
Taxus; whereas ginhom (r) < 0 indicates a negative relationship, suggesting a lower chance of 
deadwood being around dead Taxus. 
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Figure S 4. Spatial distribution of deadwood with the nearest point to dead Taxus, having a 

diameter ≥ 25 cm (n=2447, grey polygons), live Taxus (n=1523, grey dots), and dead Taxus 
(n=671, from 2012 to 2024) in the Wind River Forest Dynamics Plot. 

 

Figure S 5. Conceptual diagram illustrating the nearest distance between deadwood and dead 
Taxus brevifolia (DLE and DSE indicate represent the large- and small-end diameter of the 
deadwood, respectively; “Diameter” indicates the diameter calculated at the nearest distance 
point between dead Taxus and deadwood).  
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Table S1. Interactions among mortality factors and population dynamics across diameter classes 
of dead Taxus. Values for each mortality factor represent percentage†. 

Diameter 
class 
(cm) 

Dynamic  Mortality factors (%) 
Initial 

live 
Taxus 

Annual 
mortality 
rate (%) 

 
n Mecha- 

nical Pathogen Suppre-
ssion 

Mechanical 
with 

Pathogen 

Mechanical 
with 

Suppression 

Suppression 
with 

Pathogen 

Mechanical 
Pathogen 

Suppression 
Insect Animal Unknown 

 1-5 125 5.86  76 13.2 (10) 23.7 (18) 25.0 (19) 9.2 (7) 5.3 (4) 9.2 (7) 5.3 (4) - 1.3 (1) 11.8 (9) 
 5-15  1246 2.88  403 21.6 (87) 26.3 (106) 9.2 (37) 17.6 (71) 6.5 (26) 10.2 (41) 3 (12) 0.2 (1) - 5.7 (23) 
15-25 558 2.34  147 24.5 (36) 29.9 (44) 3.4 (5) 29.3 (43) 3.4 (5) 5.4 (8) 1.4 (2) - - 2.7 (4) 
≥ 25 190 1.90  45 28.9 (13) 26.7 (12) 2.2 (1) 35.6 (16) 2.2 (1) - - - - 4.4 (2) 
Total 2119 2.79  671 21.8 (146) 26.8 (180) 9.2 (62) 20.4 (137) 5.4 (36) 8.3 (56) 2.7 (18) 0.1 (1) 0.1 (1) 5.7 (38) 
†Trees within each diameter class had multiple factors associated with death, resulting in percentages >100% 
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