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Abstract 
 
In the very wet old-growth forests of coastal British Columbia the absence of major disturbance 

events results in a gap-phase regeneration regime based on fine-scale canopy gaps. Western 

Redcedar (Thujia plicata) is often found to dominate the canopy of such late-successional 

forests. However the sub-canopy sapling strata is dominated by western hemlock (Tsuga 

heterophylla) despite both species being shade-tolerant. The traditional ecological explanation is 

that in the absence of catastrophic disturbance events western hemlock will eventually become 

dominant as the climax species, replacing western redcedar by succession. Recent studies have 

raised doubts to whether this is the case and it has been suggested that the two species may be 

co-existing by having different canopy recruitment strategies. In order to understand the early 

life histories of the two species this study sampled individuals from the sapling strata of an old-

growth forest stand near Bamfield on the south-west coast of Vancouver Island, British 

Columbia. The highly suppressed saplings were analyzed using dendrochronological techniques 

to identify age, growth rates and release events. A highly uneven age structure was found for the 

two species, the western hemlock sample containing a number of very old individuals while the 

redcedar sample was found to contain mainly young individuals. Based on ring-width series the 

western redcedar sample appeared to have grown faster than the western hemlock sample, both 

across the individual lifespans and the first twenty years of growth. Higher redcedar growth rates 

for the common period and those based on basal area increment were not found to be significant. 

When comparing the releases from suppression 90% of western hemlock individuals in the 

sample had released, while only 62.5% of the red cedars had done so. Western hemlocks in the 

sample were more likely to exhibit multiple abrupt and temporary releases. Western redcedar 

released infrequently and were more likely to exhibit a single sustained release. Regeneration 

niche differentiation allows two competing species with the same lifeform and resource needs to 
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co-exist.  The differences in population, age structure and growth histories suggest differences in 

strategies for canopy recruitment between the two species. Western hemlock sapling growth and 

establishment appears to be more gap-dependant. Western redcedar, while probably not wholly 

independent of gaps, does appear to rely less on gap events in the early stage of its establishment. 
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Introduction 
 
The Old-Growth Forest Ecosystem 
 
Old-Growth forest is found where stand-replacing natural disturbance events are rare (Daniels, 

2003). The very wet maritime conditions of coastal British Columbia eliminates fire and so 

catastrophic disturbance events are very rare, occurring on a millennial timescale (Aber & 

Metillo, 1991).  Without regular disturbance, shade-tolerant conifer species; western hemlock 

(Tsuga heterophylla), western redcedar (Thuja plicata) and Pacific silver Fir Abies amabilis 

dominate coastal forests (Daniels, 2003).  

 

Western hemlock is a true pine of the Pinaceae family native to north-western North America 

and is a dominant species over much of its range. As a low altitude species it grows across a 

range that includes coastal Alaska in the north to mid-montane areas of California in the south, 

where it is found at altitudes of up to 1500m above sea level. In between it is common to 

Washington; where it is the state tree, Oregon, Idaho and British Columbia. It typically grows to 

a height of 50m, with a trunk diameter of up to 2 metres (Flora of North America Committee, 

1993).  

 

Western redcedar, actually a member of the cypress (Cupressacae) family, has a similar 

distribution to western hemlock but is found principally in two segments; the Coast Cascade 

Mountain range segment and Rocky Mountain range segment, which takes it as far east as 

Montana (Flora of North America Committee, 1993). Usually found in mixed coniferous forests, 

it favors moist sites and can grow at altitudes up to 2000m. Reaching heights of 75m its trunk is 

often buttressed and as a result can be up to 5m thick (Flora of North America Committee, 

1993). Noted for its longevity; individuals aged at 1460 years old have been recorded in late-
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successional forests and given its wide seed distribution the tree is often regarded as a pioneer 

and seral species. Western redcedar is an excellent timber producer and very important to 

indigenous First Nations groups for the construction of watercraft and housing. There is evidence 

of long-term management of the tree by First Nation groups and it remains today a commercially 

important timber species (Nesom & Anderson, 2003). 

 

Old-growth coastal forests have a very uneven age structure (Daniels, 2003) and are physically 

complex, with trees of all sizes present forming a highly stratified, multi-layered canopy 

(Brewer, p. 650, 1988). Other plant species found in the sub-canopy are similar to those found in 

warmer rainforests and include vines and nitrogen fixing epiphytes (Aber & Metillo, p.22, 1991). 

Dead trunks and logs are abundant on the forest floor and play an important role as substrate for 

seedlings and saplings (Brewer, p.650, 1988). Plates 3 & 4 in the appendix show typical 

Vancouver Island old-growth forest structure. 

 

Despite the highly productive nature of the coastal forest environment, conditions in the sub-

canopy are highly resource-limited. In the absence of disturbance events, species that can 

complete their life cycles in such environments can be defined as being stress-tolerant (Antos et 

al, 2005). Usually found in environments where resources such as light are chronically limited, 

these species are slow growing and able to survive for long periods of time. This ability to persist 

for long periods is important in maintaining a seedling bank; a pool of suppressed individuals in 

the forest understory that can react to the improved growing conditions created by canopy 

disturbance (Antos et al, 2005). The reproductive strategy of tree species in old growth forest 

may be viewed as r-selected in a highly competitive environment where mortality is presumed to 

be very high in the sub-canopy populations (Antos et al, 2005).  
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Succession theory in Old-Growth Forests 

When fire and herbivory are not major influences on ecosystems changes in structure and 

function are driven by processes of natural tree death, wind and inter-specific species interaction 

to fill the subsequent gaps (Aber & Metillo, p.315, 1991). In rainforests of western North 

America windthrow is the dominant agent of natural disturbance and gap formation (Alaback, 

1990). Disturbance in gap-phase forests is defined as ‘a discrete, punctuated killing, 

displacement or damaging of one or more individuals’ (Veblen, p.155, 1992). Gap-phase 

replacement is the cyclic replacement of trees initiated by the loss of canopy trees (Brewer, 

1988).  The net result of transitions between species of 'gapmakers' and 'gapfillers' determine 

whether or not there is change in overall community composition (Lertzman, 1992). Self-

replacement is the simplest method of maintaining canopy composition and co-existence. In the 

longer term a reciprocal gap-making and filling relationship between species has been proposed 

as the mechanism for co-existence in forests dominated by just two tree species (Lertzman, 

1992). 

 

In gap-phase forests small-scale gap creating disturbances are recognized as contributing to 

community species diversity by creating heterogeneities in forest structure; altering light, 

temperature and water regimes on the forest floor (Lertzman et al, 1991). Disturbance also 

impacts soil structure and chemistry, while fallen trees play an important role as substrates for 

seedlings in old-growth forest regeneration (Lertzman et al, 1991).   Because gaps affect so 

many processes, temporal and spatial patterns of gap creation interact with differing individual 

species strategies for recruitment, maintaining diversity (Collins et al, p.218, 1985). 
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Classical theories of ecological succession, such as those proposed by Celments in the early 

twentieth century, are very deterministic. Modification of the abiotic environment by plant 

species and competition eventually results in a stable climax state, often dominated by a single 

plant species (Glenn-Levin et al, p.3, 1992). This paradigm states that climax forests will 

develop in stable conditions in the absence of disturbance (Daniels, 2003). The replacement of 

most gapmakers, regardless of species, by a single species of gap-filler will result in directional 

change in canopy composition (Lertzman et al, 1991). Since the mid-1970s conceptual trends 

explaining ecological succession have moved away from using such holistic autogenic (plant-

controlled) processes of species replacement.  Instead more mechanistic and reductionist 

approaches are used which emphasize differing life histories and competitive interactions 

(Glenn-Lewin et al, p.5, 1992). 

 

Contemporary ecological succession theory also introduces the concept of non-equilibrium 

dynamics, which are non-deterministic and state that vegetation change is the result of species 

interaction within a variable environment (Daniels, 2003). In the ‘dynamic’ or ‘kinetic’ view of 

vegetation dynamics there is no assumption of long-term stability or the existence of an end-

point (Glenn-Lewin et al, p.6, 1992). Transitions that are random in nature, or driven by dynamic 

environmental change, will result in a slowly drifting canopy community composition 

(Lertzman, 1992). 

 

 In such forests containing persistent long-aged individuals and stress tolerant tree species, 

coexistence of competing species are maintained by the 'storage effect' (Lertzman, 1995). The 

longevity of the species considered is long enough for temporal climatic variability to influence 

community dynamics. The storage effect allows reproductive potential of individual trees to be 
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conserved though periods of unfavourable conditions in seed, bud and sapling banks, allowing 

them to take advantage of improved environmental conditions (Lertzman, 1995). Lertzman 

(1995) used Markov matrices and climate data to model forest dynamics in the Cypress Park 

Forest, a high altitude forest north of Vancouver. Temporal climate fluctuations caused changes 

in the recruitment probabilities and differential longevity among species mitigated apparent 

dominance of Pacific silver fir (A. amabilis). Longevity increases the abundance of rare, long-

lived species, which regenerate in favorable conditions via the storage effect. This element of 

life-history differentiation is termed the ‘senescence niche’ and can promote coexistence in near 

equilibrium forests (Lertzman, 1995).  

 

The population structures of coastal old-growth forests display a well-documented asymmetry 

between canopy and understory species dominance. The canopy is typically dominated by large 

western redcedars, while the understory is dominated by suppressed western hemlocks and 

Pacific silver fir in the seedling and sapling strata (Daniels & Kinka, 1996).  

 

The interpretation of the differing composition of the understory in old-growth forest under the 

traditional succession paradigm is that western redcedar relies on meso and macro-level 

disturbance events to establish new stands. Without such disturbance events western redcedar 

will be gradually replaced by western hemlock and Pacific silver fir gap-fillers as the climax 

community in a stable climate environment, simply by virtue of having more opportunities to 

take advantage of canopy gaps when they appear (Daniels, 2003).  This equilibrium explanation 

is based on the competitive exclusion principle; two species with the same resource needs, 

phonological behavior and life-form can’t coexist in a stable environment. One will inevitably 

out-compete the other and drive it to extinction locally (Veblen, p.155, 1992). 
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Testing the classical Ecological Hypothesis using dendrochronological techniques 

Under the traditional understanding of old-growth coastal forests; redcedar would thus exist in 

even-aged cohorts, which establish after dramatic disturbance events (Daniels, 2003).  Daniels’s 

(2003) survey of western redcedar ages in coastal old-growth forest in the watersheds of the 

Capilano, Seymour and Coquitlam rivers located north of Vancouver revealed an uneven age 

structure. Although some peak age clusters indicating stand-level disturbance events did occur, 

older redcedars were found in the same stands indicating past disturbances were not always 

stand-replacing events. Furthermore, the initial growth rates of western redcedar in such age 

clusters did not exhibit faster early growth rates than, as would be expected from individuals 

taking rapid advantage of   large gaps (Daniels, 2003). 

 

These results challenge the equilibrium explanation and suggest that the two species are actually 

co-existing. However the classic equilibrium paradigm makes the assumption that the 

regeneration dynamics of the two species are similar (Daniels & Lade, 2005).  Grubb (1977) 

introduced the concept of the regeneration niche under which in some plant communities 

important niche differences between competing species may be manifested during early stages of 

their life histories, such as dispersal, germination or seeding establishment (Grubb, 1977, 

Veblen, p.156, 1992). This model highlights the non-equilibrium concept; the disturbance 

regime creates temporal and spatial heterogeneity truncating the competitive exclusion principle 

by allowing resource partition and thus co-existence (Veblen, p.156, 1992). 

 

It has been proposed that the differing population structures in the coastal western hemlock sub-

zone are due to differing life histories of western redcedar and western hemlock (Daniels & 
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Kinka, 1996). Understanding the disturbance regime of fine-scale gaps in the coastal forest 

therefore becomes very important in understanding species composition. 

 

Daniels and Klinka (1996) used dendrochronological methods to reconstruct past gap-events in 

two montane old-growth forest stands in the Capilano and Seymour River watersheds over the 

past 300 years. Inferences for gap events were made using periods of synchronous growth 

responses in western hemlock, western redcedar and Pacific silver fir. In these stands western 

hemlock was found to be the dominant canopy species, while redcedars were found to be the 

largest and oldest species making up all of the individuals over 400 years old (Daniels & Kinka, 

1996).  

 

The results indicated that western hemlocks were more likely to have released and were more 

likely to exhibit multiple growth releases during their lifetime. This suggests that western 

hemlock may exhibit a 'gap-dependent' canopy recruitment strategy. From the much smaller 

sample of western redcedar it appears that releases are less common and multiple releases are 

rare. Three of the seven ring-width series taken from dominant canopy individuals showed no 

release, compared to two hemlocks from the sample of 64 series. This suggests that western 

redcedar canopy recruitment is 'gap-independent', although western redcedar can and will take 

advantage of canopy gaps when they occur (Daniels & Kinka, 1996).  

 

Unfortunately due to the age of the western redcedar sample in this study many of the trees 

suffered from decay and cores taken from them did not yield complete ring-width series. Only 

seven complete series were obtained from 21 trees. Decay was also found in the western 

hemlock sample but at the much lower incidence of 14 from 78 trees (Daniels & Kinka, 1996).  
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This makes any conclusions concerning western redcedar tenuous and highlights the need for 

further research into growth rates of the two species.  

 

Complimentary studies of gap dynamics 

Tree seedlings also compete against forest-floor woody shrubs, such as early huckleberry 

(Vaccinium ovalifolium). A comparative study between V. ovalifolium and western hemlock 

found that western hemlock grows more rapidly and aggressively under canopy gaps by 

investing more photosynthate into shoots, stem and foliage at the expense of root biomass 

(Alaback, 1991). In the absence of disturbance V. ovalifolium performs much better in terms of 

increased biomass, while western hemlock accrues less biomass (Alaback, 1991). This supports 

the hypothesis that western hemlock is also dependent on gaps to outgrow competitors and reach 

the sub-canopy. 

 

Northern hardwood species sugar maple (Acer saccharum) and Beech (Fagus grandifolia) are 

two co-existing shade-tolerant species (Canham, 1988). Like in the hemlock-redcedar coastal 

forest, maple exhibits an overwhelming abundance in the understory and shows an ability to 

react more rapidly physiologically to take advantage to small canopy gaps by rapidly increasing 

its leaf area in advantageous light conditions. Beech, however, has been demonstrated to exhibit 

a higher efficiency to growing in low light levels and is able to take advantage of gaps when it 

has gained a size advantage over surrounding maple (Canham, 1988). Shade-tolerant species 

therefore exhibit adaptations to the heterogeneous sub-canopy light environment that can be 

identified by their differing reactions to microscale changes (Canham, 1988). In this model there 

is also the impact of variable environmental influences; which falls into the realm of non-

equilibrium dynamics. In periods of low-disturbance, beech will have the advantage over its 
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competitors and will be more likely to become gap-fillers, altering canopy composition. In 

periods of higher disturbance maple will have the advantage over beech by reacting to the more 

numerous gaps (Canham, 1988). In this example, changes in the gap dynamic regime as a result 

of environmental flux causes community composition drift. 

 

Recruitment to the canopy often involves a number of gap events over an extended period of 

time, with several periods of release and suppression. Multiple gap episodes are more common 

when disturbances are mild in nature and scattered rather than clustered. Mild disturbances are 

less likely to damage the understory trees and scattered events create more edge.  Tree 

morphology evolves to take advantage of such temporal and spatial gap dynamics (Runkle, p.23, 

1985). Hemlocks in the Eastern United States have been found to regularly recruit to the canopy 

via a number of gap events, rather than in a single gap event (Runkle, p.23, 1985).  

 

Shade Tolerance 

The light environment beneath continuous canopy cover is described as being 'one of reduced 

intensity, diffuse background radiation and ephemeral sun-flecks' (Daniels and Kinka, 1996). 

Traditional measures of shade tolerance place species into two or more basic classifications, such 

as tolerant or intolerant, and assumed that this was constant across the species range (Carter & 

Kinka, 1992). Carter and Kinka (1992) investigated the impact of shade on western redcedar, 

western hemlock and Douglas-fir saplings.  The study used the height and base diameter 

increments of understory saplings and calculated regressions with the varying light and 

environment conditions in which they were found. The study found a high variation of shade 

tolerance between and within species. Factors including soil moisture levels and ground surface 

material were found to have a significant impact on growth performance at differing light levels.  
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Although the light environment can't be used as the sole determinate of shade tolerance, when 

Percentage Above Canopy Light (PACL) is below 30% light-environment growth relationships 

become stronger. This indicates that at light levels below 30% PACL light intensity becomes the 

most limiting factor.  

 

The key physiological features that enable tree species to tolerate shade for long periods of time 

have been identified as low respiration rates and long leaf lifespan, which maximizes carbon gain 

(King, 1991). Under poor light conditions shade tolerant species increase their growth allocation 

to the leaves relative to stem growth (King, 1991). Regression models suggest that western 

redcedar exhibits greater shade tolerance than both western hemlock and Douglas-fir (Carter & 

Kinka, 1992). This is supported by other studies, which agree that western redcedar is the most 

shade-tolerant of the 11 species commonly found in the interior Cedar-hemlock biogeoclimatic 

sub-zone in North-west British Columbia (Wright et al, 2000).   

 

However neither western hemlock nor western redcedar are shade requiring and both display 

rapid growth in the improved light conditions that would be experienced in a canopy gap 

(Daniels & Klinka, 1996). King (1991) described the physiological strategies of shade-tolerant 

species that are more associated with canopy gaps. Gap-associated species show adaptations to 

increase stem height per unit of energy; these include producing low-density wood and low 

investment in defense against herbivory. As a result such gap-associated species experience 

higher rates of morbidity that are compensated for by the photosynthetic benefits attained by the 

individuals which outcompete other saplings in canopy gaps (King, 1991). 
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Studying the Sub-canopy using Dendrochronological methods 

Due to the timescales of tree-growth understanding sapling reaction to canopy gaps is very time 

consuming when simply using observational data from natural or artificially created canopy 

gaps. Dendrochronology is a very useful tool for inferring and assessing the growth-rates of trees 

over very long periods of time with a high level of temporal accuracy. 

 

Under the premise that understanding differences in species composition of the seedling bank is 

a key part of understanding overall forest dynamics, Antos et al (2005) sampled nearly 5000 

saplings of four species from old-growth forest near Mount Cain, North Vancouver island, 

including two hemlock species, western hemlock (Tsuga heterophylla) and mountain hemlock 

(Tsuga mertensiana). Generally, individuals of these species had persisted for over 100 years 

while still being less than 1m tall. T. heterophylla was found to grow an average of 8.5cm in its 

first 50 years (Antos et al, 2005). The study provides a very detailed description of the seedling 

bank in terms of variation in age and size classes of the four species based on an exceptionally 

large sample set. However the paper does not provide any explanation as to the different canopy 

recruitment strategies and the contribution of the seedling bank to overall forest dynamics.  

 

Growth responses as a result of changes in the light environment due to canopy gaps have been 

observed to be reflected in the annual growth increment of shade-tolerant trees in a number of 

previous studies.  Dendrochronological techniques analysis of changes in tree-ring patterns in 

individual trees can therefore be applied to compare species (Daniels & Kinka, 1996) Due to the 

longevity and vulnerability to heartwood decay, particularly in redcedar, reconstructing complete 

past life histories by applying dendrochronological techniques to mature trees can be difficult. 

Surveying only mature trees also introduces an element of sampling bias, as only a small number 
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of saplings will ever reach the canopy.  Instead early growth history can be obtained from 

sampling saplings that have had the opportunity to respond to small-scale canopy gaps.  

 

This study will use dendrochronological methods to compare the early growth rates of individual 

western redcedar and western hemlock saplings found in the understory of coastal old-growth 

forest located in the Bamfield Huu-ay-aht Community Forest, near Bamfield on the west coast of 

Vancouver Island. This will build on the previous work on gap-dynamics and succession in 

similar Canadian forests. 
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Study Site 

The study site is located in the Bamfield Huu-ay-aht Community Forest (BHCF), near the towns 

of Bamfield and Anacla on the south-west coast of Vancouver Island, British Columbia, the most 

westerly Canadian province (Map 1). The BHCF partially surrounds the Banfield and Grappler 

inlets at the southern mouth of the Barkley Sound (Map 2).  Like the nearby Pacific Rim 

National Park, the BHCF is a sub-montane coastal old growth forest in the Coastal Western 

Hemlock sub-zone. The biogeoclimatic zone is characterized by a very wet hypermartime 

climatic regime due to warm air masses moving east from the Pacific Ocean (Daniels & Lade, 

2005). Average precipitation is in the region of 2870 mm per year and the average temperature is 

9.4°C, with extremes of -9.5°C and 32.8°C. (Environment Canada, 2004). Precipitation falls 

mainly as rain, with July and August the driest months (Morgan, 2002). This cool wet climate 

eliminates the major fires commonly seen in the interior of British Columbia making major 

disturbance events very uncommon in coastal forests (Daniels, 2003). 

 

The study area is located at 10-30 metres above sea level and its flat, rolling, topography is 

typical of the forest, containing the occasional wet depression (Morgan, 2002). This area of the 

BHCF is old-growth forest and has a history of long-term management by First Nation 

communities. Archaeological surveys have found culturally modified trees (CMTs) to be 

abundant in the Treatment Area (Robinson, 2003). The BHCF is divided into two stands 

separated by the Bamfield Inlet. The sample site is in the southern 'treatment' stand; the area is to 

be preserved for research and recreation (Morgan, 2002). The BHCF, in conjunction with the 

University of British Columbia, is planning to test variable retention silviculture in the treatment  
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Map 1. Map of western British Columbia showing location of BHCF on Vancouver Island 
The darker shaded areas represent forested areas in the Very Wet and Hyper-maritime Coastal 
Hemlock Biogeoclimatic zones and the Hyper-maritime and Moist Mountain Hemlock Zones  

(Adapted from: Daniels and Grey, 2006) 
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stand while the northern stand acts as the control. The project will seek to log to emulate natural 

gap dynamics and reduce the environmental impact of logging (Daniels & Lade, 2005). A 

transect was taken to sample the saplings following the route of a planned access road in the area 

marked on Map 2. 

 

 

 
Map 2: Location of Study Area within BHCF  

Map produced using aerial photo and GIS data files with permission of the BHCF Trust 
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Methods 
 
i) Field Sampling 

The saplings were sampled from 20 randomly selected points along the 310m transect using the 

point-centered quarter (PCQ) method (Cottam & Curtis, 1953). The PCQ method is plot-less 

sampling method that assumes a random distribution of trees and is suited to the relatively gentle 

topography of the study site. At each point four quadrants were defined centered on the sampling 

point and divided by the transect and an arbitrary line at 90 degrees to the transect. The distance 

and species of the closest sapling to the center point was recorded and the sapling flagged. A 

sapling is defined as a living tree with a breast height diameter of less than 10cm and being 

above 130cm in height. From the distance data it is possible to estimate the total sapling density 

and density of individual species using the following formula: 

 

Total Density per hectare = 10,000/(d mean )2  

Where: d mean = mean distance of all saplings measured in the study area 

  

Species Density per ha = (QS/QT) x Total density per hectare 

Where:  QS = Quadrants where species present 

 QT = Total number of Quadrants 

  

Of the flagged saplings, 20 of each species were selected at random for harvesting and cut at as 

close to ground level as possible. None of the samples showed fire scars or any other evidence of 

past fire events. The branches were removed and the stem cut at intervals of 10cm, while being 

measured and labeled.  After being allowed to dry the basal disks were prepared for examination 

by sanding with 80, 120, 240, 320 and 400 grit sandpaper.  
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ii) Dating & Lab Methods 

Dendrochronology is the science of assigning calendar years to specific tree-rings. A tree-ring 

usually consists of thin-walled cells produced early in the season (early-wood) by the cambium 

tissues and thicker-walled cells (latewood) produced later in the season. A distinct annual ring 

starts at the beginning of the early-wood and finishes at the end of the latewood at the end of the 

growing season, which at moderate latitudes in the northern hemisphere occurs within one 

calendar year (Stokes & Smiley, 1968).  

 

Rings counts of the disks were made using a 40x microscope using reflected light. The samples 

had been taken from live trees and collected in summer 2004, meaning that the last complete ring 

was formed in 2003.Two radii were selected on the disks at right angles to each other and ring 

counts made to assign dates to the rings following traditional dendrochronological methods as 

outlined by Stokes & Smiley (1968), using one dot to mark decades, two for mid-centuries years 

(e.g., 1950, 1850, etc.) and three for centuries (e.g., 2000, 1900 etc.). In periods of stress the 

annual ring may not appear around the whole circumference of the saplings and may be absent 

from one, or more of the sample radii (Stokes and Smiley, 1968). Another common phenomenon 

occurs when the tree experiences acute stress during a growing season, often due to dry summer 

conditions, causing it to produce late-wood cells before returning to the production of early wood 

cells. This results in a 'false ring’, which may appear as a distinct ring to the causal observer 

(Stokes and Smiley, 1968).  When ring counts of the two radii of a single disk differed, recounts 

were made, often on additional radii, and missing, false and incomplete rings were identified and 

recorded, allowing the pith to be dated with a high level of confidence. 
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Once dates were assigned to the individual rings each one on the basal disks was measured along 

the two radii using a cross-haired microscope and a Velmex™ bench interfaced with a laptop 

computer (See Plate 1). The measurements are recorded and processed using the software 

application Measure J2X. The bench was accurate to a hundredth of a millimeter and care was 

taken to ensure that each annual ring measurement was made at as close to a right angle as 

possible and without a large deviation from the radius. A value of zero was recorded for missing 

rings. Once the data set was complete an average of the two measurements for each annual ring 

was made. 

 

 

iii) Growth Rates 

Relative annual growth, the amount of secondary growth in the trees stem due to periodic 

formation of new xylem by the cambium, was measured using two methods. First by using the 

absolute average ring widths as applied by traditional dendrochronological methods. The second 

method is a measure of Basal Area Increment (BAI), which measures the amount of new 

cambial growth in terms of surface area (Le Blanc, 1990).  This allows a more meaningful 

measure of relative growth and net primary productivity as it takes into account geometric 

changes in ring-width as the tree increases in diameter.  For example, a narrower ring towards 

the bark of a tree may have a greater BAI and thus actual growth rate than a wider ring towards 

the pith (Le Blanc, 1990). 
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Total Basal Area (BA) is attained by calculating the cumulative radius of ring widths from the 

pith to the current year and calculating the total surface area using the equation: 

 

BAX    =  II(RX)² 

Where:  BAx = Basal area for year x 

  r x= cumulative radius for year x= sum of ring widths from the pith through ring formed in year x 

 

BAI for any given year can be determined by subtracting the BA for previous years from the BA 

of the year of interest, as follows: 

BAIx = BAx - BAx- 

 

The growth data was averaged to determine the mean ring width of each sample based on 

lifespan, first 20 years of growth and the common period, which was set at the final 20 years 

before harvesting (1983 to 2002). The first 20 years was used to examine growth differences in 

early life stages. The common period was the period during which the individual trees would 

have experienced identical climate conditions and is determined by the youngest sapling in the 

sample set. 

 

The ring width series were examined in the cross-dating software package COFECHA which 

identifies common patterns of narrow and large ring-widths and suggests individual corrections 

in dating. COFECHA assumes all the trees in the stand are subject to the same environment 

conditions that result in similar ring-width patterns. The data series proved difficult to cross-date 

due to the highly suppressed nature of the saplings. Being highly sensitive to very local 

environmental changes due to fine scale canopy gaps and suppression, traditional 
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dendrochronological cross-dating methods are difficult to apply and analysis will concentrate on 

comparisons of missing rings and growth rates in terms of absolute ring-widths and BAI. 

 

The differences in growth rates based on the BAI and ring-width data were tested using two 

tailed t-tests on the three time periods (lifespan, first twenty years and last twenty years). The 

tests were considered significant at the ∝=0.05 level. 

 

iv) Releases 

Nowacki & Abrams (1997) have sought to identify periods of rapid growth in understory trees as 

a method to derive past canopy disturbances in oak (Quercus) forests in central Pennsylvania. 

Periods of abrupt and sustained growth in understory trees after a period of prolonged relative 

slow growth indicates a release from suppression in response to a canopy gap. A recent 

innovation in dendrochronology; the study used a 10 year moving average to assign a percentage 

growth change to each year using the following formula (Nowacki & Abrams, 1997): 

 

%GC = [(M2 – M1)/M1] X 100 

where:  %GC = Percentage Growth Change for preceding and subsequent 10 year means,   

 M1 = preceding 10 years mean and  

 M2  = subsequent 10 year mean.  

 

A ten-year moving average was chosen because it averages out short-term radial growth pulse 

responses to climatic variation. It also accounts for gradual changes in tree-ring width due to 

aging and long-term climatic shifts.  However as a result of the moving average the method 
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leaves ten year gaps at either end of source tree-ring chronologies where no percentage growth 

change can be recorded (Nowacki & Abrams, 1997). 

 

Lorimer & Frelich (1989), in their study of shade tolerant northern hemlock-hardwood forests, 

define a set of criteria for identifying releases. These criteria were not considered sensitive 

enough for the Nowacki and Abrams study (Nowacki & Abrams, 1997), but are directly 

comparable to the species in question here. They defined a major release as an average growth 

increase exceeding 100%. A temporary release is a period of major release sustained for over 10 

years and a sustained release must last for at least 15 years. An abrupt release is a major release 

which lasts around 6 years, but must have an obvious point of rapid acceleration (Lorimer & 

Frelich, 1989).   
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Results 
 

i) Sapling Density 

A total of 80 understory trees were recorded using the point-centered quarter sampling method. 

Based on distances from the centre points, total density was 301 understory trees per hectare. As 

expected the majority of these were western hemlock; 57 saplings were identified giving a 

density of 214.5 individuals per hectare. Twenty-one western red cedar saplings were sampled, 

with a density of 79 trees per Hectare. The two remaining saplings found were Pacific silver fir 

(Abies amabilis) with a density of 7.5 individuals per hectare. This is consistent with a number of 

previous studies (Daniels, 2003).  

 

 
ii) Age Structure 
 
In the sample western hemlock sapling ages ranged from 29 to 200 years old with an average age 

of 114.6 calendar years. Average radii lengths ranged from 9.44mm to 60.44mm with a mean of 

30.37mm (Table 2). Western redcedar ages ranged from 12 to 112 years old, with an average age 

of 51.3 calendar years. Average radii lengths ranged from 4.9mm to 52.9mm with a mean of 

19.44mm (Table 1). The age structures of the two species in the understory were very distinct 

(Figure 1). The age distribution of Cedar was skewed with most samples being less than 60 years 

old. The oldest sample was dated at 112 years.  Hemlock displays a normal distribution with a 

much larger range. These results match the age structure of these species in found at higher 

elevations as recorded by Daniels and Kinka (1996). The age structure and density indicate the 

presence of a large and persistent seedling bank for hemlocks.   
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Table 1: Western redcedar samples; summary statistics and average growth rates as ring-widths and Basal Area 
Increment 

 

    Average No. Missing Rings Radius  
Average Ring 
Width     

Average 
BAI     

Sample Age (Years) 
Radius 
Length (mm) Absolute Relative Difference Life Span Common 

First 20 
Yrs Lifespan Common 

First 20 
Yrs 

cw_54Av 12 6.2 0 0 3.8 0.280 0.280 0.280 5.40 5.93 5.08 
cw_70Av 23 13.3 0 0 4 0.555 0.568 0.536 23.20 27.31 18.05 
cw_72Av 23 7.5 0 0 0.1 0.339 0.339 0.338 7.96 8.73 7.16 
cw_71Av 23 8.9 0 0 0.7 0.403 0.403 0.368 11.24 12.33 8.50 
cw_83Av 25 7.1 1 0.4 1.76 0.222 0.180 0.262 4.93 6.09 4.31 
cw_69Av 29 12.0 0 0 0.2 0.428 0.546 0.279 16.08 22.33 4.87 
cw_82Av 30 40.4 0 0 0.1 0.825 1.199 0.457 104.83 214.24 13.14 
cw_67Av 30 15.2 1 0.33 3.8 0.523 0.600 0.397 24.96 35.10 9.89 
cw_77Av 34 4.9 2 0.59 0.2 0.148 0.135 0.164 2.42 3.15 1.65 
cw_10Av 49 19.8 2 0.41 18.1 0.422 0.761 0.091 26.23 59.49 0.52 
cw_19Av 51 33.9 1 0.2 20.6 0.679 0.861 0.553 72.31 137.96 19.19 
cw_2Av 58 17.5 8 1.38 0.9 0.307 0.314 0.345 16.91 29.54 7.48 
cw_48Av 60 12.8 17 2.83 12.3 0.217 0.420 0.116 8.74 23.73 0.84 
cw_15Av 61 21.5 0 0 5.9 0.352 0.756 0.090 23.76 67.10 0.51 
cw_6Av 62 7.8 9 1.45 2.2 0.127 0.101 0.127 3.11 4.31 1.02 
cw_12Av 72 11.4 0 0 0.9 0.160 0.197 0.179 5.74 11.94 2.02 
cw_9Av 82 24.0 4 0.49 4.1 0.296 0.614 0.134 22.36 69.99 1.46 
cw_8Av 92 29.3 10 1.09 6.1 0.322 0.358 0.206 29.59 55.95 2.66 
cw_01Av 98 42.5 2 0.2 20.6 0.439 0.728 0.113 58.62 165.02 0.80 
cw_79Av 112 52.9 18 1.61 54.2 0.476 1.051 0.366 79.05 297.79 8.42 
Average 51.3 19.437 3.75 0.55 8.03 0.38 0.52 0.27 27.25 62.9 5.88 
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Table 2 : Western hemlock samples; summary statistics and average growth rates as ring-widths and Basal Area 

Increment 
 
 

    Average No. Missing Rings Radius  
Average Ring 
Width     

Average 
BAI     

Sample 
Age 
(Years) 

Radius 
Length (mm) Absolute Relative Difference Life Span Common 

First 20 
Yrs Lifespan Common 

First 20 
Yrs 

hw_58Av 70 18.88 5 0.71 6.66 0.27 0.35 0.09 16.22 33.90 0.56 
hw_65Av 29 9.44 0 0.00 5.28 0.34 0.39 0.27 10.00 13.61 4.57 
hw_57Av 129 54.29 1 0.08 3.10 0.42 0.94 0.15 72.35 266.20 1.49 
hw_55Av 42 12.24 2 0.48 10.45 0.30 0.39 0.21 11.47 20.43 2.66 
hw_51Av 129 56.30 82 6.36 76.70 0.29 0.49 0.13 51.06 158.38 1.13 
hw_22Av 80 18.44 14 1.75 0.78 0.23 0.25 0.16 13.53 25.30 1.63 
hw_60Av 186 60.44 14 0.75 42.08 0.33 1.02 0.10 62.04 320.91 0.65 
hw_5Av 85 17.03 7 0.82 1.03 0.21 0.32 0.19 10.98 27.61 2.18 
hw_31Av 88 25.50 6 0.68 1.50 0.29 0.18 0.49 23.49 26.99 15.07 
hw_17Av 200 47.95 55 2.75 13.34 0.24 0.31 0.46 36.30 87.24 13.58 
hw_63Av 93 39.42 12 1.29 15.07 0.43 1.12 0.06 53.07 198.83 0.25 
hw_49Av 90 12.92 14 1.56 4.08 0.15 0.35 0.04 5.89 20.54 0.09 
hw_72Av 195 43.03 38 1.95 6.17 0.22 0.39 0.13 29.99 95.78 1.14 
hw_53Av 45 13.06 7 1.56 1.96 0.30 0.48 0.11 12.18 24.86 0.80 
hw_16Av 145 37.98 10 0.69 19.66 0.26 0.85 0.07 31.47 157.75 0.34 
hw_75Av 71 18.19 2 0.28 6.08 0.26 0.34 0.27 14.85 31.41 4.54 
hw_14Av 80 18.16 19 2.38 0.26 0.23 0.24 0.16 13.11 23.51 1.70 
hw_23Av 198 44.04 35 1.77 8.81 0.19 0.39 0.13 30.94 97.72 1.09 
hw_20Av 160 30.20 30 1.88 11.69 0.17 0.15 0.11 18.02 27.41 0.70 
hw_19Av 177 29.93 33 1.86 4.87 0.32 0.15 0.05 15.99 27.26 0.18 
Average 114.6 30.37 19.3 1.48 11.98 0.27 0.45 0.17 26.65 84.28 2.72 
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Fig. 1 Frequency Distribution of redcedar (hatched) and hemlock (solid) sample ages 

 
 
 
iii) Missing rings and asymmetry 

While saplings of both species were highly suppressed, the western hemlock samples display a 

greater degree of asymmetry. On average, the two radii measured on the basal disks differed by 

11.97mm for the hemlock sample and by 8.03mm for the redcedar sample (Tables 1 & 2). In 

general, the hemlocks had more missing rings than the redcedars (Figure 2, Tables 1 & 2). The 

redcedar sample having a relative average of 0.56 missing rings per decade per sapling compared 

to the hemlocks relative average of 1.48 per decade per sapling (Tables 1 & 2).  The relative 

count is calculated by dividing the number of missing rings by age and multiplying by 10.   All 

the redcedars had fewer than 20 missing rings, whereas this represented the mean for hemlocks, 

samples of which could have up 50 missing rings from a single radius. The differing age 

structure of the species may explain the larger number of missing rings in the hemlock 
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population. The hemlock population contains nine saplings that were over 120 years old, which 

appear to have experienced periods of extreme stress. Six of the Cedar saplings had no missing 

rings on either radius, while this is true for only one of the Hemlock saplings. Between these two 

extremes a small number of individuals show a similar relationship between age and number of 

missing rings, with younger hemlocks and redcedars between fifty and one hundred years old 

exhibiting a comparable number of missing rings, although as many redcedars in this age class 

have no missing rings (Figure 2). 
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Figure 2. Comparison of the number of missing rings in western hemlock and redcedar 
saplings of a range of ages. Graph points are for radii so each sapling has two corresponding 

points 
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iii) Ringwidth and BAI Averages 

Ring-width averages were consistently greater for the western redcedar samples, indicating 

higher growth rates for lifespan, the common period, and the first 20 years of sapling growth 

(Figure 3). These differences were statistically significant for lifespan (p=0.023) and the first 

twenty years (p=0.023). However growth during the common period was not significantly 

different between the two species (p= 0.48). This is understandable as the saplings of both 

species were a range of ages and sizes during this period and so will exhibit different growth 

rates and productivity.  

 

Hemlock displayed a much narrower range of ring widths over the lifespan of the saplings, with 

most of the redcedar outliers falling in the upper quartile (Figure 3). Hemlocks display much 

greater variation in the common period. Ring widths also appear to indicate greater growth rates 

for redcedar in the first twenty years of the saplings life, although both are understandably low. 

Hemlocks show a low average and small range of for lower 75th percentiles. However the upper 

25th percentiles show a very large range (Figure 3).  This may relate to Hemlocks having a 

greater dependence on canopy gaps for establishment in the early stage of the tree's life and so 

experience suppression in their absence, reflected in lower average growth rates. The large range 

of the upper 25th percentiles is likely to be a reflection of the increased growth rates of the 

hemlock saplings found in gaps. 

 
Basal area increment as an indication of growth rates based on the surface area of new growth is 

greatly influenced by the larger size of the hemlocks. The lifespan data show less range for the 

Hemlocks but very similar averages and variation. Lifespan data was not deemed significant (p = 

0.91). Hemlocks display greater growth rates in the common period, but again this was not 
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deemed significant (p = 0.43). The BAI results for the first 20 years of growth were just outside 

the confidence limit (p = 0.052). This concurs with the absolute ring-width date that suggests 

faster easy growth of western redcedar. The Hemlock saplings exhibit low growth rates and low 

variation in their early life history. 
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iv) Releases  
 

Figure 3. – Boxplots of ring-widths and BAI for both species for lifespan, the first twenty y
of growth and the common period (last 20 years) 

The upper and lower limits of each box represent 25th percentiles, the bars above and below 7
percentiles and the dots 90th percentiles 
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The differing age structure of the two species makes direct comparison of the number of releases 

difficult. With an average age of 52.6 years half of the cedars sampled show no release. The 

youngest cedar to release was 29 years old and four suppressed cedars were younger. The oldest 

suppressed cedar was 72 years old. Only two hemlocks did not release; dated at 29 and 88 years 

old. Due to the nature of the moving average technique the four youngest cedars (> 23 yrs) 

should be considered too young for comparison using the technique. As a result of the moving 

average the first and last ten years of data for each individual is not considered in the analysis, so 

that the method cannot be used on an sample aged less than 20 calendar years and its use on a 

sample aged less than 30 calendar years is contentious.  Table 3 shows a breakdown of major 

releases identified by species as defined by Nowacki & Abrams (1997). 

 

Table 3. Major releases for study species  >29 yrs old 
 

 
Average 
Age (Yrs) 

No 
Release 

Abrupt 
Releases

Temporary 
Releases Sustained Releases 

Hemlock (20) 114.6 10% 33 7 0
Cedar (16) 58.9 37.5% 6 3 3

 
 

While Hemlock exhibited a large number of abrupt releases redcedar appears more likely to   

exhibit sustained release periods (Table 3, Figures 4 to 7). For example, based on ring-width 

series, hemlock cw_57, exhibited multiple major, abrupt releases in the 1890s, 1920s and late 

1980s (Figure 5). Hemlock hw_19 released in the late 1840s, 1870s, 1940s and 1960s (Figure 6). 

After the releases in the 1940s and 1960s, hemlock hw_19 returned to periods of suppression 

indicating the opening and closing of a canopy gap. The early peaks in both samples are likely to 

be sensitive responses to small canopy gaps and competition with understory herbs and shrubs. 

Lorimer and Frelich (1989) reported a high sensitivity to small gaps in the early life history of 
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shade-tolerant species. In contrast to ring widths, the BAI did not respond greatly until the 

hemlock saplings began to reach a significant size in the mid-twentieth century. 

 
Western redcedar underwent few releases and many did not release at any point during their 

lifespan (Figure 7). The average age of the released cedars from this sample was 69.2 years, with 

high levels of variation in the time between establishment and release ranging from 10 to 40 

years from the pith date. For example, the ring widths and BAI for cedar cw_79 showed a single 

major release that was sustained for at least 10 years in the mid 1980s after a long period of 

suppression (Figure 4). It is interesting to note that ring width variation does not impact BAI 

until the 1990s. Although ring widths and BAI both peak in this final release periods BAI 

remains higher than before suggesting the sapling may have reached a threshold size during the 

release. In contrast the ring-width series of the redcedar that had not released over its 62 year 

lifespan shows low variation of ring widths and a slowly increasing BAI indicating constant 

increases growth in suppressed conditions as the net primary productivity increases in proportion 

with size and more light is captured (Figure 7).  
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Figure 4 – Ring-width & BAI graphs for a western redcedar showing a single release 
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Figure 5. Ring-width and BAI graphs for a western hemlock showing 3 Releases 
 

 
 

 
 
 
 
 



38 

Figure 6. Ring Width and BAI Graphs for a hemlock showing 3 Releases 
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Figure 7. Western redcedar sample Ring Width and BAI graph showing no release 
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Discussion & Conclusions 
 
 
Based on pure ring widths; the western redcedar sample appears to have grown at a faster rate 

than the western hemlock sample for both the lifespan averages and averages for the first twenty 

years of the saplings life.  This reflects the fact that western redcedar has greater degree of shade 

tolerance, as discussed by both Wright et al (2000) and Carter & Kinka (1992).  Western 

redcedar appear to be able to grow significantly in conditions in which western hemlock 

experiences suppression. The significant difference in growth during the first twenty years 

indicates that the two species experience different growth patterns during seedling establishment. 

Although, of course, it should be borne in mind that this is based on average grow rates, which 

include the periods in which the individual trees experience release events. Even including the 

western hemlock sample’s multiple releases; growth rates as expressed as average ring-widths 

are greater in redcedar. Western hemlock is therefore more likely to be suppressed. This is also 

exhibited by the count of missing rings and the greater level of asymmetry in the western 

hemlock sample. 

 

The highly suppressed nature of both species and, in particular the high level of asymmetry seen 

in the western hemlock sample raises questions as to the accuracy of using only 2 radii to 

produce a single average for each year in each samples growth.  Due to the number of missing 

rings on the most asymmetrical samples one of the radii was always the largest where most of 

the rings were present and so could be used to reference missing rings on the second radii.  The 

measuring protocol was to take the second at a right angle from the first; this was not always the 

narrowest radii. As a result the average ring measurements taken from the most suppressed 

western hemlocks may be larger than in reality, this may be why the BAI measures were not 



41 

deemed significant.  A more thorough study may wish to measure 2 diameters, four radii, to find 

the average annual increment. 

 
Basal area increment as a measure of the volume of annual radial growth is intended to represent 

a more accurate measure of the demands the trees growth places on its environment in terms of 

resource demand and productivity. The fact that the differences in BAI was not found to be 

statistically significant between the two species is an indication to how absolute ring-widths can 

be misleading as a comparison of annual growth. The BAI comparison suggests that the growth 

increment of the two species is comparable across the trees lifespan and the common period. 

Despite the larger ring-widths of western redcedar sample, the larger average radial diameters of 

the hemlock sample produce a similar BAI. The hemlocks display a greater degree of 

suppression, but their larger height and crown-size allows them to capture enough light to match 

the smaller redcedar in terms of net primary productivity. The first twenty years of sapling 

growth allows us to compare BAI while the two species are at a similar size. The redcedar (5.88 

cm^2) BAI was over twice that of the hemlock (2.72 cm^2) (Tables 1 & 2). This difference was 

only just deemed insignificant (p=0.052) which suggests that western redcedar do outperform 

hemlock during this critical early period in terms of BAI. 

 

The ring width averages during the common period of the last twenty years for the two species 

didn't yield statistically significant results. This may indicate improved western hemlock 

performance in the modern period and a reaction to contemporary climatic change. This is 

discussed further below. Western hemlock shows a greater variation over the twenty-year time 

span of the common period possibly indicating increased growth that is canceled out by periods 

of suppression over the course of the lifespan data. 
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The most dramatic difference between the two species is the age structure of the two samples. 

The skewed western redcedar population indicates an absence of older saplings in the sub-

canopy. This could mean that western redcedar seedlings are recruiting to the sub-canopy, 

despite western hemlock understory dominance, or that a high level of redcedar mortality is been 

experienced. The background understanding of the species and the growth rates of the sampled 

redcedars make death after a century of growth in suppressed conditions unlikely.  An 

interpretation of this under the gap independent model is that redcedar above the age of 120 

years have simply grown above the 130cm size. This is consistent with Daniels (2003) average 

release age of 110 years.  

 

An inability to achieve significant radial growth without the greatly improved light conditions 

created by a canopy gap means that western hemlock individuals can be suppressed in the sub-

canopy for many years. To maintain canopy recruitment the species is required to maintain a 

large seedling bank, to allow individuals to take full advantage of canopy gaps where they occur. 

The 'normal' bell shaped distribution indicates slow additions to the sub-canopy, possibly 

because hemlocks stay in the seedling strata for longer than redcedars or a high level of hemlock 

seedling mortality. Individuals are either recruited to the canopy or meet with a premature death, 

which is likely to be the fate of most hemlocks as they invest heavily in stem growth in a bid to 

reach the canopy.  

The species appear to be adopting two regeneration strategies; one emphasizing fecundity and 

the other adult survivorship. Veblen (p.156, 1992) cites mathematical models that have 

demonstrated that this as an explanation of co-existence for species that appear to have similar 

niches. Differential longevity among competing tree species has been identified as a factor 
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promoting diversity and coexistence in a variety of temperate and tropical forests (Lertzman, 

1995). Hemlock as the early successional gap colonists are shorter lived than their more shade 

tolerant cedar competitors (Lertzman, 1995).  The senescence niche allows western redcedar to 

remain in the canopy during any periods reduced regeneration opportunities caused by 

unfavourable climatic conditions, such periods may be in the order of centuries given the known 

longevity of the species in question. 

 

To fully understand the age distribution, and thus the life histories of the two species, we need to 

understand any differences between the rates of seedling and sapling mortality of the two 

species. High western hemlock mortality would be expected as unreleased individuals die after 

one to two hundred years in the sub-canopy. The rate of western redcedar sapling mortality 

would verify or disprove the gap-independent hypothesis. Low mortality would be expected, but 

a high mortality rate would cast doubt on the hypothesis. Daniels (2003) did not find any resent 

pulse of western redcedar in that the amount of CWD (Coarse Woody Debris) on the forest floor 

was not disproportionate to the dominance of western redcedar in the canopy. Western redcedar 

is very resistant to decay (Daniels, 2003); however differentiating sapling CWD from branches 

and determining the age of such saplings would be very difficult. 

 

Despite the bias of the older western hemlock sample the pattern of release events of the two 

species appear to concur with the work of Daniels and Kinka (1996), but is more robust being 

based on a sample size which is over twice the as large.  The release pattern also is supportive of 

Daniels (2003) ‘gap dependent’ verses ‘gap independent’ hypothesis. Western hemlock is more 

likely to exhibit a release than redcedar and are also more likely have experienced multiple 



44 

release events. Western redcedar is more likely to show no release, even when considering the 

younger age structure of the sample.  

 

When applying the criteria as defined by Lorimer & Frelich (1989) for identifying major releases 

western redcedar is more likely to exhibit a prolonged and sustained release event than an abrupt 

one. In other words, western redcedar release infrequently, but when they do so will grow in a 

single sustained release. An explanation provided by Daniels (2003) is that these single sustained 

releases result when the redcedar has reached a threshold size over its nearby competitors. 

However it may be argued that this growth may be the result of the improved light conditions of 

a canopy gap. It is difficult to argue that the regeneration of redcedar is wholly gap-independent. 

In the literature the question that a shade-tolerant species can reach canopy height without 

benefiting from canopy gaps is unresolved (Runkle, p.24, 1985). The longevity of western 

redcedar would be an advantage in such a recruitment strategy given the very slow rates of 

growth. 

 

The early stage of western redcedar growth appears to be gap-independent while the 

establishment of western hemlock appears gap-dependent. However it may be likely that 

redcedar too requires a gap event once a threshold size has been attained for the final push into 

the canopy. The diversity of the forests is maintained by the gap-phase regime, the fine scale 

disturbance creates a temporally and spatially variable environment. The two species occupy 

different regeneration niches, as described by Grubb (1977), enabling them to exploit gap events 

and suppressed environments differently.  The ability of hemlock to rapidly respond to the 

improved light conditions of a gap is held by the ‘storage effect’ (Lertzman, 1995) in the 

seedling bank. 
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The non-equilibrium dynamic paradigm explains this as been driven by external environmental 

factors rather than by autogenic process from within the forest system. Variability of the climate 

is thus an important factor in determining population dynamics, particularly considering the 

longevity of the tree species themselves. The climate may fluctuate during the lifespan of a 

single individual tree so that resulting varying recruitment to the canopy will rarely have a 

significant impact on community structure drift. 

 

Western redcedar would out-compete western hemlock in parts of the forest floor that has not 

experienced a recent gap event. When a gap does finally appear western redcedar will be at an 

advantage in terms of size and ability to respond, shading the western hemlock saplings. 

Likewise; in parts of the forest floor where gaps have been appearing regularly, the ability of 

hemlock to respond to gaps by greatly increasing the relative investment of fixed carbon into 

stem growth allowing them to out-compete western redcedar saplings of a similar size.  

 

Although predictions vary, it is likely that projected increases in average global temperatures, 

due to the enhanced Greenhouse-effect, will have a profound influence on the coastal rainforest 

of British Columbia. Due to the complexity of the interacting factors involved modeling direct 

impacts is very difficult (Houghton, p.133, 2006).  However any increases in sea surface 

temperatures may mean an increase in the frequency and intensity of storm events at the mid-

latitudes (Houghton, p.189, 2006). The increased temperature contrast between landmasses and 

the ocean may cause further climatic instability (Houghton, p.133, 2006). This is particularly 

relevant when considering Vancouver Island is the western boundary between the massive North 

American landmass and North Pacific Ocean. 
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A significant change in climate along the north-western North American coastline may influence 

the disturbance regime in its forests. Windthrow is the primary gap-making agent in such forests 

(Alaback, 1990) and an increase in the amount of storms and high winds along the coast will 

increase upper canopy disturbance. This will increase the spatial and temporal frequency of 

canopy gaps in the forests. As discussed by Canham (1988) this will favour the gap-dependent 

species, in this case western hemlock. Long-term environmental change may influence 

community structure by increasing opportunities for western hemlock seedlings to establish and 

increase recruitment of the species to the canopy.  

 

Veblen (1991) identifies three explanations of coexistence of plant communities at or near 

compositional equilibrium; by resource partitioning, life-history differentiation and the 

disruption of biological interactions by fine-scale disturbances, either individually or in 

combination. For plant species with very similar means of acquiring the same resources it is 

difficult to understand how these resources can be partitioned (Veblen, p.155, 1991). What we 

can see in the context of this study is niche differentiation by two species with different life 

histories, in this case regeneration histories, taking advantage of a fine-scale disturbance regime. 

The gap-phase disturbance truncates the process of competitive exclusion, so that one species 

will never out-compete the other (Veblen, p.155, 1991). The fine-scale disturbance acts to create 

a heterogeneous environment on the forest floor, an effective partition of the light resource, 

maintaining in a higher level of diversity in the ecosystem by allowing two species to exploit 

resources differently. 
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The community of the coastal forests may indeed be changing; but driven by a dynamic 

environment rather than the traditional understanding of autogenic succession within a stable 

environment.  Spatial scale is also an important consideration; in forest stands at compositional 

equilibrium the canopy composition at any particular point will always be changing. However 

the stand as a whole will appear to maintain similar relative abundances (Veblen, p.154, 1992). 

Temporal scales are also a consideration. Forest composition may appear to be constant on a 

human life span, but yet be in a state of slow and substantial change (Lertzman, 1995). 

 

This is a site-specific study that uses a reductionist approach to understanding ecological 

succession. Understanding the impact of different life histories and competitive interactions of 

the component tree species are important in understanding and predicting future community 

changes (Glenn-Levin et al, p.5, 1992). The non-equilibrium viewpoint sees disturbance as 

ubiquitous, natural ecosystem states are not stable climaxes but complex interacting and 

fluctuating systems. Ecological research is likely to continue focusing on site-specific 

interactions and replace the traditional global explanations of vegetation change. 
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Appendix 
 

 
 Plate 1: Author (right) and another researcher demonstrating use of a Vermex bench to measure 
ring widths on cores taken from mature trees. (Photo: Daniels, 2006) 
 
 

 
 
Plate 2: Particularly windswept section of the coastline Pacific Rim National park, north of 
Bamfield (Photo: Clisby, 2006) 
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Plate 3: Typical Vancouver Island sub-montane old-growth forest in the MacMillian Provincial 
Park (40km North of Bamfield). Note the abundant coarse woody debris (CWD) in the 
foreground and dense epiphytic growth on the lower branches, snags and logs. (Photo: Clisby, 
2006) 
 

 
Plate 4:  Resent canopy gap in MacMillian Provincial Park. Note the stratified canopy and 
diverse tree sizes (Photo: Clisby, 2006) 
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Plate 5: Two competing western hemlock saplings in a canopy gap in the understory of old-
growth forest in the MacMillian Provincial Park. (Photo: R. Clisby, 2006) 
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