
Executive Summary – Y90-3017 Rates of mortality and dead tree dynamics in old 

coastal forest stands 

 

 

Purpose:  The purposes of the project are to determine the rate of mortality of common 

coastal tree species across a range of site conditions; and, to determine the interaction 

among cause of death, size, and site condition on the length of time dead trees remain 

standing. 

 

Management Implications:  Forest managers require an understanding of the future state 

of a forest prior to harvesting and regeneration, especially under variable retention 

systems and partial cutting systems that are designed to enhance wildlife habitat.  Models 

derived from data on tree mortality and fall-down will improve yield tables and assist 

managers in predicting timber gains and losses.  Wildlife managers also can use the 

information to assist making decisions on wildlife tree patches and habitat suitability.   

 

Project Start Date: April, 2006 

Project Duration: 3 years 

Former project number: Y08-2017 

Former funding sources: none 

 

Methodology Overview: The experimental design employs two complementary 

approaches: analysis of permanent sample plots (PSPs from MoFR EP703) and 

reconstruction of time of death in old natural stands.  The PSPs are relatively young 

compared to many forest remnants that are retained as wildlife tree patches, reserved in 

variable retention prescriptions, or remain because of age structure considerations in the 

inventory.  To address concerns about mortality and fall rates in these old forests, we 

applied a retrospective approach using stands of different aspects, sizes, and productivity.  

We identified seven different geographic locations around southern Vancouver Island and 

lower mainland locations from which we selected 32 to establish plots of sufficient size 

to measure 100 live trees >15 cm diameter at breast height (DBH).  Within a plot, we 

measured DBH, height, and record species and condition of live and dead trees.  Where 

necessary to achieve a reasonable number of dead trees (>20), we increased the size of 

the plot, and labelled and measured all dead trees >15 cm (DBH).  Standing dead and 

recent fall-down (bark and branches still intact) was included in the tally.  Where 

possible, cause of death was recorded.  We collected cores from the five largest trees to 

estimate stand age and from the dead standing trees or fallen trees that had intact bark 

throughout the stand to provide a profile of time of death.  Cores or discs were prepared 

and ring widths measured and year of death determined by comparing ring measurements 

to published chronologies.   

A joint model of tree mortality in coastal PSPs was developed by linking longitudinal 

growth and survival data through a latent process or frailty factor.  Frailty is the 

unobserved random proportionality factor that modifies the hazard function of an 

individual tree.  An accelerated failure –time model was used to model snag longevity in 

the same PSPs.  

 



Project Scope and Regional Applicability: This project is taking place and is applicable 

to the CWH zone in the coastal region. 

 

Interim Conclusions:   

 

Mortality of three species was modelled from permanent sample plot (PSP) data along the 

coast using linked longitudinal and survival analysis models. The addition of frailty terms 

from the longitudinal model improved the fit of the proportional hazard model of 

individual tree mortality.  As expected, mortality was higher on high sites than on low 

sites.  Thinning treatments significantly changed the hazard for individuals of all species, 

and the inclusion of basal area and basal area in trees larger than the focus tree improved 

the fit of the model.   

 

Prediction of snag longevity in PSPs was successfully modeled using an accelerated 

failure time model with a Weibull distribution for Douglas-fir and western hemlock and a 

lognormal distribution for western redcedar.  Snag longevity was significantly greater 

with increasing snag diameter but prior silviculture treatments had no significant effect.     

 

Snags or recently fallen trees comprise from 8 to 23% percent of stems >15 cm DBH 

(Table 1).  The number of dead stems varied among species and locations (Table 2).  The 

volume of snags or recently downed wood was 20.7% of live volume in old-growth 

stands and 19.2% in second growth stands.  The presence of dead veterans in multi-

cohort stands or old, high stumps from logging 90-100 years ago contributed significantly 

to the volume of dead wood in some mainly second-growth stands.  

 

The abundance of dead wood is a function of both tree mortality and snag persistence.  

Clearly mortality rates vary greatly through time and death of large trees can be highly 

episodic and related to disturbance.  However, snag persistence is also a major 

determinant of snag abundance at any given time.  Snags in the second-growth stands 

could reach high densities because of high input rates from self-thinning of dense stands; 

these snags are mostly small and have rather low persistence compared to old-growth 

forests.  To obtain substantial amount of large snags in second growth stands will require 

deliberate attention during subsequent harvesting or silvicultural activities; some of the 

largest trees will need to be retained and possibly killed.  However, large snags, 

especially of Douglas-fir, have high persistence in these stands.  Thus viable options 

appear to exist for maintaining some fairly large snags in managed systems. 



 

Table 1. Percentage of dead trees in the Coast Forest Region.  

 

Location 

Forest 

Condition 

Percent standing  

dead stems 

Vancouver Island   

Walbran (DSI) OG 13.7 

Nahmint (DSI) OG 19.0 

Nimpkish (DNI) OG & 2
nd

 22.5 

Sayward Forest (DCR)  2
nd

 18.5 

Mainland   

Chilliwack (DSC) 2
nd

 21.9 

Squamish. (DS) OG 18.0 

Sechelt Peninsula (DSC) OG 19.5 

 2
nd

 8.0 

OG= old-growth stands. 2
nd

=second growth. 

 

Table 2. Number of stems per hectare of dead and alive for five species in seven locations 

in the Coast Forest Region. 

 

Location  Status 
Amabilis 

fir 

Western 

redcedar 

Douglas

-fir 

Western 

hemlock 

Sitka 

spruce 
All 

Vancouver 

Island       

  

Walbran  OG Alive 15.9 44.6 1.1 241.2 1.3 304 

  Dead 3.1 6.9 2.4 35.8 0 48 

Nahmint  OG Alive 42.0 55.3 93.8 188.7  380 

  Dead 6.0 7.2 27.1 48.6  89 

Nimpkish OG 

&2
nd

 

Alive 3.7 22.6 108.0 303.2 29.2 471 

 Dead 2.9 9.4 46.7 71.0 4.4 137 

Sayward  2
nd

 Alive  44.6 120.2 360.2  525 

  Dead  1.3 41.9 75.7  119 

Mainland         

Chilliwack 2
nd

 Alive 2.3 86.2 242.0 120.9  462 

  Dead 3.4 24.4 68.1 23.9  129 

Squamish OG Alive 20.0 103.8 58.3 147.8  335 

  Dead 1.5 14.4 33.2 24.2  73 

Sechelt OG Alive 3.7 .4 240.5 271.2  634 

  Dead  14.8 102.5 36.2  153 

 2
nd

 Alive 18.8 93.9 90.9 383.5  587 

  Dead 6.3 7.6 3.8 33.5  51 

 

OG= old-growth stands. 2
nd

=second growth. 

 



Contact Information:  For more information on this project, please contact: 

 

Dr. Roberta Parish 

Research Branch 

B.C. Ministry of Forests 

P.O. Box 9536. 

Victoria, B.C.  V8W 9C4 

Phone: (250) 952-4313 

Fax: (250) 952-4119 

E-mail: Roberta.Parish@gov.bc.ca 


