
 

1 

 

 

Old-growth Forests 1937 – 2007 for Tllga Kun Gwaay.Yaay (Lyell Island) Haida 1 

Gwaii (Queen Charlotte Islands) British Columbia, Canada 2 

 3 

Audrey F. Pearson 4 

Ecologia 5 

#3 – 2475 W. 1
st
 Ave., 6 

Vancouver BC V6K 1G5 7 

ph (604) 732-1256 8 

ecologia@telus.net 9 

 10 

and 11 

 12 

Derek Challenger 13 

Ministry of Forests and Range 14 

2100 Labieux Rd., Nanaimo V9T 6E9 15 

Ministry of Forests and Range 16 

derek.challenger@gov.bc.ca 17 

 18 

Manuscript for submission to Conservation Biology 19 

 20 

April 30, 2009 21 

 22 

 23 

24 

mailto:ecologia@telus.net


 

2 

 

 

Abstract 1 

 2 

The Millennium Ecosystem Assessment, an analysis of the state of the world’s 3 

ecosystems, concluded there were virtually no baseline historical data - essential for 4 

accurately assessing conditions and trends in biodiversity.  They also recognized that 5 

cultural values of ecosystems are an integral part of human well-being, but found they 6 

were very difficult to measure.  In forests, trees are foundation species - common species 7 

that define community structure and function.  Changes in the forest are concomitant 8 

changes for biodiversity.  We know old-growth forests have been logged, but we don’t 9 

know what the original forest was –and so its biodiversity value.  Further, in coastal 10 

temperate rain forests, cultural services can be measured directly using western redcedar 11 

trees and indirectly with riparian forests, crucial for salmon habitat.  Cedar and salmon 12 

are essential for coastal peoples.  For Haida Gwaii (The Queen Charlotte Islands) 13 

historical information still exists – the 1937 air photos and 1966 forest cover maps - and 14 

the original forest composition can be reconstructed from these sources to create an 15 

environmental baseline and determine changes in forest cover. To determine original 16 

forest composition, we digitized and georeferenced 1966 forest cover maps, determined 17 

species composition and the 1937 air photos for areas logged by 1966, and tested the 18 

accuracy of using the 1966 forest cover for predicting forest cover attributes on the 1937 19 

air photos.  We used height class as a measure of site and indirect measure of structural 20 

diversity – the key forest variable for biodiversity.  We compared the original and 21 

modern extent of different forest types.  The accuracy of the construction was 73.4%, 22 

with good agreement between values for field groundtruthing and 1966 cruise data. The 23 

original old-growth forest was highly productive, with 79.2% of the area containing trees 24 
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> 33m and 36.1% > 41m.  High site cedar forests were well distributed across the island 1 

and comprised 23.5% of the original forest cover.  Without using the 1937 air photos, 2 

their area would be underestimated by 25%.  One-third of original old-growth forests still 3 

exist, essentially all located in one watershed – Windy Bay.  Twenty-seven percent of 4 

high site cedar forests and only one intact riparian system still remain.  Timber inventory 5 

databases can be successfully used for conservation purposes and it is possible to 6 

construct environmental baselines of original forest condition from historical inventory 7 

information. 8 

 9 

Keywords:  foundations species, coastal temperate rain forests, Millennium Ecosystem 10 

Assessment, cultural services, environmental baselines, air photo interpretation, western 11 

redcedar 12 

 13 

Introduction 14 

 15 

One of the key questions for old-growth conservation and land-use planning is “what is 16 

the original and current extent of different forest types?  This simple question is however, 17 

extremely difficult to answer because there are no baselines of original forest conditions.    18 

The Millennium Ecosystem Assessment (MEA), a global analysis of the state of the 19 

world’s ecosystems, concluded there was a lack of comprehensive data to assess 20 

conditions and trends in biodiversity and ecosystem services because historical data were 21 

scarce (Millennium Ecosystem Assessment 2005).  There were virtually no baselines 22 

with which to quantify trends.  Further, there was a lack of spatially-referenced 23 
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information on the conditions of ecosystem services - no maps that could be used for 1 

quantitative analyses.  They also concluded that information about the world’s forests 2 

was limited and unevenly distributed.  Forest inventories were generally insufficient to 3 

address sustainable management questions.   4 

 5 

One solution is to adapt industrial records to ask conservation questions.  This approach 6 

has been tried with marine systems.   Using available fishing records, Myers and Worm 7 

(2003) found that the biomass of predatory fishes have been reduced by 90% over 50 8 

years.  They concluded that the loss of predatory fishes resulted in changes in ecosystem 9 

structure and function.  Similarly, McClenachan et al. (2006) found that current 10 

conservation efforts for endangered Caribbean sea turtles did not reflect historic nesting 11 

data, as determined from hunting records from the 17
th

 – 20
th

 century.  They concluded 12 

that historically, much of the mobile large animal biomass was concentrated in sea turtles 13 

and their loss has created a concomitant shift in ecosystem structure and function.  In 14 

many cases, however, past records are anecdotal and cannot be rigorously quantified or 15 

conservation decisions are based on current conditions that do not accurately reflect past 16 

conditions, the issue of “shifting baselines” (Pauly 1995.).  In the case of forests, the 17 

question is how to adapt existing timber inventories for parameters of value to 18 

biodiversity and sustainable management so as to not have to rely on anecdotal 19 

information. 20 

 21 

In forests, trees are foundation species – common species that define community 22 

structure and function  (Ellison et al. 2003).  The value of old-growth forests for 23 
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biodiversity - including structural diversity in both living trees and dead wood - is one of 1 

the best documented relationships in ecology (Ruggiero et al. 1991, Franklin et al. 2002).  2 

The importance of wood, especially large wood, in structuring aquatic systems and 3 

creating salmon habitat is also extremely well documented (Naiman et al. 2000).  The 4 

loss of large trees and concomitant changes in structure and function is analogous to 5 

losing predatory fishes or sea turtles and their influences on marine ecosystems.   6 

 7 

A key consideration in using timber inventory data for conservation purposes is finding a 8 

metric that is relevant for conservation but available in the timber inventory, including 9 

any historical information.  The term “old-growth” forest implies that tree age is that 10 

metric.  It is not.  All “old-growth forests” are not created equal (Lugo 1997).  The key 11 

variable for the value of old-growth forests to biodiversity is not age per se, but forest 12 

structure (Franklin et al. 2002).  In forests where stand-replacing disturbances are 13 

common, such as fire,  structural development is related to age, (i.e. time since 14 

disturbance).  Pacific Northwest Douglas-fir forests of high biodiversity value generated 15 

after major stand-replacing fires several centuries ago.  However, in coastal forests, 16 

stand-replacing disturbances are rare and all unlogged forests are effectively old, but not 17 

necessarily of equal value to biodiversity.  The key variable in coastal forests is not age, 18 

but site.  The broadest range in structure occurs in forests with the largest trees and the 19 

largest trees occur on the best sites.  So the key variable for biodiversity in coastal forests 20 

is not age, but site, since tree size is related to site conditions not stand age (time since 21 

disturbance).  In fact, it can be very misleading to consider the original and current extent 22 

of old-growth forests solely by species composition and age because significant areas of 23 
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coastal old-growth forests can be low-productivity forests.  High site forests, including 1 

riparian forests, are most likely to have already been logged, often decades ago before 2 

biodiversity values in forests were even a consideration, and thus are potentially the rarest 3 

forest types on the landscape and the least likely to be represented in modern inventories.  4 

Most timber inventories have some measure of site; productivity classes, volume or 5 

height, so high site forests can be determined. 6 

 7 

The value of old-growth forests is not solely ecological.  One of the novel concepts of the 8 

MEA was that of “cultural services” – that ecosystems have value culturally, not simply 9 

as providers of commodities or services such as clean water (Millennium Ecosystem 10 

Assessment 2005).  The MEA recognized that cultural values of ecosystems are an 11 

integral part of human well-being and was the first such attempt to evaluate their status at 12 

a global scale.  However, they concluded that cultural services very difficult to access 13 

because there was a lack of appropriate data and indicators.  Assessments were often 14 

descriptive, not quantitative. Further there was not a good understanding how landscape 15 

change affects cultural services or the ability to measure those changes quantitatively.  16 

Finally, they considered that the importance of cultural services is not currently 17 

recognized in landscape planning and management. 18 

 19 

In coastal temperate rain forests, trees are also foundation species culturally.  While the 20 

MEA had difficulty in quantifying cultural services, for coastal temperate rain forests, 21 

cultural services can be directly measured though changes in forest cover.  Western red 22 

cedar is essential to coastal peoples (Garibaldi and Turner 2004).  Many Nations have 23 
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expressed concern about the rate of logging of cedar forests and future sources of large 1 

trees with good quality wood for canoes, poles and house posts.  However, we do not 2 

have good information on the original extent of large cedar trees to use as a baseline.  3 

Salmon are equally essential for coastal peoples and a cultural indicator that can 4 

indirectly assessed by loss of habitat through logging of riparian forests.   5 

 6 

Forest cover information has been routinely used in forest management in BC for decades 7 

as a means of inventorying timber.  However, once an area is logged, the associated old-8 

growth information is deleted from the inventory and replaced with second-growth 9 

information for that polygon. The original forest cover can potentially be reconstructed 10 

from inventory data that pre-dates logging.  For Haida Gwaii, there is an extremely 11 

valuable tool to reconstruct the original old-growth information – the 1937 air photos.  12 

The air photos represent a virtually intact landscape, as only one percent of the Islands 13 

had been logged by 1937 (Gowgaia unpublished data).  Most of the logging occurred 14 

along shorelines and valley bottoms and riparian forests are largely still intact.  In 15 

addition, paper forest cover maps from 1966 still exist for the Islands.  The opportunity to 16 

document original forest composition is unique world-wide because in many other parts 17 

of the world the original forest was gone before the advent of air photos. 18 

 19 

The objectives of this study are to recreate the 1937 forest cover for Lyell Island from 20 

historical sources (air photos and forest cover maps) and compare the 1937 to 2007 forest 21 

cover.   22 

 23 
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Methods 1 

 2 

Study area 3 

Tllga Kun Gwaay.Yaay, Lyell Island, is located in Gwaii Haanas National Park Reserve 4 

and Haida Heritage Site on Haida Gwaii (The Queen Charlotte Islands) (Fig 1), the 5 

traditional territory of the Haida Nation.  Lyell Island is situated in the Skidegate Plateau 6 

(Holland 1976), the most productive physiographic region on Haida Gwaii for forests.  7 

Further, Lyell is a large island (17,300 ha) with a diverse topography and range of sites 8 

and forest types.    9 

 10 

The region has a typical coastal climate.  Mean annual temperature is 8
o
C and days below 11 

0
o
C are rare (Environment and Service 1993).  Total precipitation ranges from 1000–12 

4500 mm, decreasing inland, with most falling in the winter.  Frequent cyclonic winter 13 

storms that originate in the Gulf of Alaska occur, although strong winds can occur at any 14 

time of the year (Clague and Bornhold 1980, Redmond and Taylor 1997).   15 

 16 

The forests of Lyell Island are characteristic of coastal temperate rain forests.  The study 17 

area is located in the Coastal Western Hemlock (CWH) biogeoclimatic zone, with the 18 

Mountain Hemlock (MH) and Alpine Tundra (AT) zones at higher elevations (Green and 19 

Klinka 1994).  Sitka spruce (Picea sitchensis [Bong]. Carr), western hemlock (Tsuga 20 

heterophylla (Raf.) Sarg.) and western redcedar (Thuja plicata Donn) are the most 21 

common tree species.  Red alder (Alnus rubra Bong.) is common on active floodplains 22 

and exposed mineral soil, such as old logging roads and landings, as well as landslides.  23 
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Yellow (Alaska) cedar (Chamaecyparis nootkatensis (D. Don) Spach) and mountain 1 

hemlock (Tsuga mertensiana (Bong.) Carr.) become more abundant with increasing 2 

elevation.  Yellow and red cedar as well as shore/lodgepole pine (Pinus contorta Dougl. 3 

ex Loud. var. contorta) are common in bog forests.  Both Amabilis fir (Pacific silver fir) 4 

(Abies amabilis (Dougl.) Forbes) and Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) 5 

are absent from the forests of Haida Gwaii. 6 

 7 

The logging history of Lyell Island is typical of the history of logging of Haida Gwaii 8 

with distinct eras and methods (Haida Gwaii Museum, unpublished data).  There was 9 

early hand logging for “airplane” spruce (Sitka spruce) during World War I, with the 10 

major camp based at Talunkwen Island, just north of Lyell.  In the 1930s, there were A-11 

framing operations in the north of Lyell with T.A. Kelley in Takelley Cove and in the 12 

south in Sedgwick Bay with Morgan Logging.  In the 1940s, Lyell was part of the Alaska 13 

Pine Company, owned by the Koerner Brothers.  With the changes in technology from A-14 

framing to truck logging and demand for wood due to World War II, logging operations 15 

moved from shorelines into valleys.  The Alaska Pine Company holdings became part of 16 

TFL 24, which was operated by Rainier Canada and later Western Forest Products.  In 17 

1974, with widespread public protests about locating a log dump at Burnaby Narrows, 18 

logging in TFL 24 moved to Lyell Island and continued until South Moresby was 19 

declared a park reserve in 1987.   20 

21 
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 1 

1966 forest cover maps and creation of the digital database 2 

Forest cover maps are constructed through standard means that have changed little over 3 

the decades.  Air photos are interpreted for tree species composition and other 4 

parameters, such as tree height.  Specific parameters vary between licensees and the 5 

Forest Service.  The air photo interpretation is then groundtruthed with cruise plots; prism 6 

sweeps of dominant tree species, diameter and height.  When an area is re-inventoried, a 7 

process that only occurs every few decades, old-growth areas are not re-interpreted, 8 

rather they are “carried over” into the next inventory.  This is the key why early forest 9 

cover maps can be used to determine the areas of old-growth in 1937.  There were forest 10 

cover maps based on the 1937 photos, which have been lost, but there are references to 11 

those maps on the 1966 forest cover maps.  The 1951 maps still exist, and may have been 12 

based on the 1937 photos but only specific polygons were delineated, largely spruce.  It is 13 

unlikely that the 1937 photos were originally interpreted for all forest cover types.   14 

 15 

The 1966 forest cover maps for Lyell Island consist of species composition, age class, 16 

height class and crown closure at a scale of 1:20 chains (1:15,800).  Major species over 17 

20% of total volume are coded in order of predominance.  Minor species comprising 10 – 18 

19% of the total volume are bracketed.  There are seven age classes in 20-year increments 19 

between 0 and 140 years.  All mature and old-growth forest are grouped in age class 8 20 

(141+ years old).  These are the same age class values used in modern inventories. Height 21 

class was the only available site information and was used as a surrogate for site.  There 22 

were eight height classes converted from the original English measurements ht 1(< 14 m) 23 
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ht 2 (15 – 23 m) ht 3 (24 – 32 m), ht 4 (33 – 40), ht 5 (41 – 50 m) ht 6 (51 – 59 m) and ht 1 

7 (60 – 69) and ht 8 (> 69 m).  These height class values are slightly different than 2 

modern criteria, but were not converted.  Crown closure was either closed or open.   3 

 4 

Creating the digital database was a two-step process.  The 1966 forest cover maps for 5 

Lyell Island with some mapsheets updated to 1979 were scanned at 400 dpi with an Oce 6 

TD800 scanner to GroupIV TIFF.  Each map was scanned as a complete unit so there are 7 

no errors from having to piece .tif images together.  The resulting tif files were 8 

georeferenced and auto-digitized using ArcGIS.  All features; forest cover polygons, 9 

roads, streams, contours; were digitized.  An error of < 20 m from baseline imagery was 10 

considered acceptable.  The nine original paper mapsheets were joined into one 11 

contiguous coverage with each feature a different shapefile.   12 

 13 

Typing and accuracy assessment methods 14 

The original old-growth forest for Lyell Island was reconstructed from the 1966 forest 15 

cover maps with logged areas infilled with old-growth species composition and height 16 

derived from the 1937 air photos. To verify that reconstruction and test the validity of 17 

using 1966 forest cover information for 1937, an accuracy assessment was conducted 18 

following methods used in remote sensing (Foody 2002). 19 

 20 

The accuracy assessment comprised of areas with both field-based transect data and 1966 21 

cruise data, as well as polygons that were old-growth on the 1966 forest cover maps and 22 

1937 air photos (Table 1).  Total area of polygons with transects and not logged by 1966 23 
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was 412 ha.  Of those, 172 ha (42%) polygons also had cruise data comprising four cruise 1 

strips.  For the accuracy assessment (areas old-growth in 1937 and 1966), polygon areas 2 

by leading species were cedar 19%, yellow cedar 2%, hemlock 15% and spruce 64%.  In 3 

the field transects, all cruise polygons that were accessible were sampled, although most 4 

were not.  For polygons with both transect and cruise data, polygon area by leading 5 

species were cedar 26%, yellow cedar 2%, hemlock 28% and spruce 41%.  The area for 6 

accuracy assessment consisted of 30% of the area that needed to be typed (areas logged 7 

by 1966).  All transect polygons and transect and cruise polygons were used in the 8 

accuracy assessment, although some polygon boundaries were edited to create a more 9 

contiguous area for the interpreter.  All the constituent polygons were dissolved into one 10 

shapefile and sent to the interpreter so there was no-preexisting line work that would 11 

potentially introduce bias. 12 

 13 

For air photo interpretation, the interpreter usually has field-based measures, such as 14 

cruise data, to calibrate or “train” his/her eye to the characteristics of trees on the air 15 

photos and versus actual trees on the ground.  In the case of the 1937 photos, field-based 16 

groundtruthing is obviously not possible.  The training data set consisted of digital 17 

polygons from the 1966 forest cover maps, along with corresponding typed 1966 air 18 

photos (scale 1:40 chains/31,600):and 1966 cruise plot data.  The cruise data were 19 

collected following standard prism methods with a BAF 40 prism.  Height was derived 20 

from dbh/height curves from that era.  At each plot, age and exact height were 21 

determined for sample trees, usually 1 – 2 dominants and codominants of each species.  22 

All cruise strips began along the coast and were well-distributed across Lyell Island.  The 23 
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training data set consisted of 3585 ha in four different areas chosen to have a range of 1 

topographic and site conditions (Fig. 2).  Of the training set data 2141 ha (60%) had cedar 2 

as leading or second species and 1455 ha (40%) spruce as leading or second species.  3 

There was sufficient area to discern differences between spruce and cedar crowns.  4 

Training polygons also comprised 9 cruise strips so the interpreter had actual tree heights 5 

and species as a guide and their corresponding plot locations on the 1966 photos.  The 6 

1937 photos (scale 1:13,000) were interpreted by a certified interpreter following 7 

standard methods (Ministry of Forests 2002).  Photos were interpreted for species 8 

composition (by basal area), tree height, stand age and crown closure.   9 

 10 

Field sampling and groundtruthing 11 

The sampling was focused on four areas 1) Windy Bay (old-growth control) and Gate 12 

Creek (old-growth in 1937 and logged in 1966; 2) Sedgwick Bay (old-growth in 1937 13 

and logged in 1966; logged post 1966); 3) Powrivco Bay (old-growth in 1937 and logged 14 

in 1966; logged post 1966) and 4) Takelley Cove (logged pre-1937) (Fig 3).   15 

 16 

Transects were used to groundtruth the original forest composition as determined on the 17 

1937 air photos.  The original stand was field-verified using strip transects 10 m wide. 18 

Transects were established in the polygon of interest following a compass bearing that 19 

traversed the polygon while avoiding any potential bias (e.g. traversing rather than along 20 

a slope contour, variable distance from the stream etc.) All stumps and cut logs were 21 

measured for diameter, decay class and species recorded. Generally, it was 22 

straightforward to distinguish species for stumps.  23 
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 1 

Transects were also established to verify the methods. Transects were established in sites 2 

that were old-growth in 1966, but now logged to determine differences between species 3 

composition on the 1966 forest cover maps and through the stump survey methods, and 4 

determine confidence limits for the latter. Accessible polygons that were old-growth in 5 

1966 and had 1966 cruise data, but were now logged were also sampled. Where possible, 6 

the transect followed the actual cruise strip bearing and location. Finally, stump transects 7 

were established in old-growth forests in Windy Bay to determine density of large trees 8 

that would presumably have been stumps in the logged areas, to again compare species 9 

composition between the forest cover maps and transect methods and determine potential 10 

sampling intensity of stumps.  We established 9400 m of transects (Table 2)   11 

 12 

Accuracy assessment 13 

The accuracy assessment was performed using the following procedure.  To resolve any 14 

errors from slight shifts in georeferencing between years and different data sets, a point 15 

grid of Lyell Island was created as a baseline for all accuracy assessments.  A point grid 16 

of 10 m (100 points per ha) was generated using ArcView.  Each point had a unique id 17 

number that was consistent through all the analyses.  Each shapefile to be tested was 18 

dissolved, clipped to the point grid, and the attribute information for each point added 19 

from the shapefile using Spatial Join in ArcView. As well as potential errors from 20 

georeferencing, all the different datasets used different criteria to create polygon 21 

boundaries, so boundaries were not common in any of the comparisons. Further, many 22 

polygons were small (< 20 ha) so had a relatively high area of boundary in relation to 23 
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polygon size.  Thus, buffers were used to eliminate any errors from comparing points on 1 

polygon boundaries where extremely high errors were likely to occur.  The polygons of 2 

both sets of shapefiles used in the comparison were buffered with a 20 m buffer (10 m 3 

inside and 10 m outside the polygon boundaries.)  The combined buffer shapefile 4 

consisting of buffers from both the original shapefiles was clipped to the common point 5 

grid, and all points located in buffer areas were eliminated from the analysis.  Due to 6 

problems with low site areas being frequently inaccurate on early forest cover maps, only 7 

polygons with height class > 4 from the 1966 maps were used in the accuracy assessment 8 

data.  Accuracy was assessed as percent of points correctly classified ;“user’s accuracy;” 9 

both within individual classes and overall accuracy (all points correctly classified 10 

summed over all classes) (Foody 2002).  A minimum of 300 points per class was 11 

considered necessary for statistical validity. 12 

 13 

For the accuracy assessments, the 1966 forest cover map polygons were considered the 14 

truth layer.  The species composition accuracy was tested as percentage correctly 15 

identified on the 1937 photos for both all species present in any order of predominance or 16 

first two species, in any order.  Accuracy of tree heights for height classes in 1966 was 17 

determined from the mean and standard deviation for mean tree height of all species from 18 

the 1937 polygons.  To accommodate for tree growth over the 30-year period between 19 

two data sets, the actual height data from the 1937 typing was used, rather than 20 

converting that height into height class, then determining the accuracy of the 21 

classification. 22 

 23 
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Comparison between 1937 and 2007 forest cover 1 

Area of logging in 1937 was determined on the air photos and mapped on the ortho photo 2 

mosaic.  An area was considered logged if it was open and had evidence of logging 3 

visible such as drag lines, and young polygons with linear boundaries, which also often 4 

had drag lines visible from A-frame logging.  Areas that were mislabelled as logging 5 

were checked to determine if it hand-logging was detectable (i.e. large individual trees or 6 

groups of trees had been removed).  Polygons that were erroneously labelled as logged on 7 

the 1966 forest cover map were checked on the 1951 forest cover maps to determine if 8 

the label was different or had been carried through from the 1951 maps to the 1966 maps.  9 

All areas that were labelled as logged by 1937 but were not logged on the 1937 photos 10 

were checked on the 1966 air photo series to determine if they had been logged by 1966. 11 

 12 

To avoid errors from differences in boundaries, georeferencing, and polygon 13 

classifications, the modern forest cover was developed from clipping the area of logging 14 

from the original forest cover, and the remaining old-growth area was considered the 15 

modern extent.  Only old-growth areas were considered for the comparison, with area of 16 

young/mature forest simply documented.  Areas of modern logging were based 17 

Gowgaia’s logging history database (Gowgaia unpublished data), with boundaries 18 

corrected where necessary to logged areas of 2007 ortho photos, especially for areas that 19 

were falsely labelled as logged on the 1966 maps to confirm if they had been 20 

subsequently logged. 21 

 22 
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Results 1 

Accuracy assessment 2 

Accuracy of the timber typing of the 1937 photos was generally high, with an overall 3 

accuracy of 73.4% for presence of three species (Table 3).  The 1937 typing was more 4 

accurate for three species than only two, with accuracy for the latter only 25.4% (Table 5 

4).  The major discrepancy was with small polygons in the riparian zone that were H, SH 6 

or S, which were encompassed into larger polygons by the interpreter for the 1937 7 

photos..  The one forest type that was completely incorrect for 1937 was HCYc.  In 1966, 8 

the polygon with that label is adjacent to the one in 1937, but not overlapping, which is 9 

likely an error of georeferencing, with both databases having an error of 20 m.  Tree 10 

height values generally corresponded between the height class on the 1966 forest cover 11 

maps and the average height on the 1937 photos, with values in 1937 being somewhat 12 

conservative especially for height 7 (Table 5).  This may be a result of using average tree 13 

height, rather than the tallest tree height identified in the polygon. 14 

 15 

There was generally good agreement between species composition based on stump basal 16 

area and forest cover labels for both 1966 and 1937 (Table 6).  The disagreements were 17 

for small polygons in the riparian zone where cedar was absent from the stump 18 

groundtruthing and the transects were short.  Again, these polygons were encompassed in 19 

larger polygons by the interpreter for the 1937 photos.  The sampling size for  the 20 

transects have also been insufficient.  There does not appear to be any bias in the 1966 21 

forest cover maps, e.g. typing spruce areas and ignoring the presence of cedar.  The 1966 22 

forest cover labels appear to reflect the actual forest composition.   23 
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 1 

Tree characteristics as estimated on the 1937 air photos (height) and in the field from 2 

stump transects (dbh) corroborate with values from the forest cover maps and cruise data.  3 

For a random sample of 20 polygons, tree height as estimated on the 1937 air photos was 4 

within height class limits 90% of the time.  For the two exceptions, the estimated tree 5 

height exceeded the class boundary, but was within 2 m of the class limit.  For polygons 6 

where cruise data were available, all estimated tree heights on the 1937 air photos were 7 

within 5 m of actual value as determined in the field.  There were 6 polygons with stump 8 

transect data and cruise plot data for a total of 47 cruise sweep trees and 166 stumps.  9 

(Only cruise sweep trees were used in the comparison because sample trees were taken 10 

from the cruise sweep).  For the cruise data for all of Lyell Island, dbh ranged from 7.6 11 

cm to 392 cm.  Therefore all values were used in t-test comparison.  For Windy Bay 12 

transects, the understorey and suppressed trees were excluded from the analysis.  There 13 

were no significant differences between mean dbh for any of the polygon totals or for 14 

species where there was a sufficient sample size to test (t-test for means, alpha 0.05 15 

unequal homogeneity of variances).  For Windy Bay old-growth transects, there were 3 16 

cruise plots in two polygons with tree transects for a total of 22 cruise sweep trees and 95 17 

transect trees.  Again, there were no significant differences in mean dbh for total polygon 18 

trees and by species where there was sufficient sample size to test.  The stump and tree 19 

transects do accurately reflect the actual dbh of the trees in the stand, as measured in the 20 

cruise plot data in 1966. 21 

22 
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 1 

Logging 2 

The date of logging on the 1966 forest cover maps was only 23% accurate when 3 

compared to the 1937 air photos.  According to the 1966 forest cover maps, there were 4 

2471 ha of logging by 1937, but only 634 ha evident on the 1937 photos – an error of 5 

nearly 300%.  Areas labelled as logged in 1937 of the forest cover maps may be accurate, 6 

but they were logged after the air photos were taken.  If those areas are assumed to be 7 

correct, the 1966 forest cover maps are 39% accurate for date of logging.  Within two 8 

years (1935 – 1937), the 1966 forest cover maps are 50% accurate and 63.7% accurate 9 

within three years (1934 – 1937) for areas that were both correctly and incorrectly 10 

classified and 75% accurate within the same decade (1930–1937).   11 

 12 

The errors in the logging history are primarily from incorrect dates.  There was no 13 

evidence of hand-logging in the areas of mislabelled logging, including the very early 14 

polygons (dated 1834 and 1871) although the logging of individual trees would be 15 

impossible to distinguish from natural gaps.  In all cases, the forest cover label for logged 16 

areas on the 1951 forest cover maps was identical to that of the 1966 maps, indicating the 17 

logging information originated on the 1951 maps and was carried over to 1966.  All areas 18 

marked as logged by 1937 were logged on the 1966 air photos.  With one exception, the 19 

polygon boundaries were identical to those of the 1966 forest cover maps.  With the 20 

exception of three polygons (56 ha in total) east of Powrivco Bay that were recent, all 21 

logged polygons had grown in on the 1966 air photos and were not readily distinguished 22 

from polygons that were recently clearcut on the 1937 photos.   23 



 

20 

 

 

 1 

Original and current extent of different forest types 2 

There were originally 15,532 ha of old-growth forest on Lyell Island, in 1937 (Table 7, 3 

Figure 4 and 5).  Of those original forests, 79.7% were height class 4 and greater and 4 

36.1% were height class 5 and greater.  Without using the 1937 photos, the total old-5 

growth area would be underestimated by 11% (Table 8).  High site forests would be 6 

underestimated by 10% (height classes 4-7) and 6% (height classes 5-7). 7 

 8 

High site cedar forests show a similar pattern.  There were 2734 ha of polygons with 9 

cedar as first, second or third species and height class > 5 on the 1966 forest cover maps 10 

(Fig 6).  On the 1937 photos, there were 917 ha.  Without using the 1937 photos, the 11 

original area of high site cedar would be underestimated by 25%.  High site cedar was 12 

well-distributed across the island, and not concentrated in any one area.  Further, high site 13 

cedar was relatively abundant with 23.5% of the original forest comprised of high site 14 

cedar polygons.   15 

 16 

While area of logging has changed markedly over time (636 ha pre-1937; 1710 ha 1937-17 

1966; 8356 ha 1966-1987), there is no evidence that logging had shifted to less 18 

productive forest types (Table 8).  For areas logged between 1937 and 1966, 92.5% of the 19 

area was height class 4 or greater and 53.6% was height class 5 or greater.  For areas 20 

logged between 1966 and 1987, the corresponding values were 87.8% and 40.2% 21 

respectively.  While high site forests were disproportionately logged first prior to 1966, 22 

they were not entirely logged in that era. 23 
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 1 

The original old-growth forest in 1937 is now approximately one-third of its current 2 

extent, essentially all in Windy Bay (Tables 9 and 10; Fig. 7).  Of the original area of 3 

high site cedar forests, only 988 ha, or 27% is still remaining.  All riparian forests, with 4 

the exception of Windy Bay have been logged.  In 1937 all riparian forests were intact, 5 

with the exception of 11 ha at Takelley Cove.   6 

 7 

Discussion 8 

 9 

Our reconstruction methods were generally successful, including using the 1966 forest 10 

cover maps to predict forest cover attributes on the 1937 air photos.  There are many 11 

potential sources of error, such as differences between interpreters, georeferencing errors 12 

from digitizing, both with the forest cover maps and air photo interpretation from the 13 

1937 photos and orthophotos.  However, given the correspondence between the different 14 

independent tests; both field groundtruthing and cruise transects, the reconstruction 15 

methods have sufficient statistical accuracy to be valid.   16 

 17 

High site cedar forests were originally somewhat abundant, comprising 23.5% of the 18 

original old-growth forest area.  There was no management of cedar in Haida traditional 19 

management, unlike other resources, such as fish, clams or berries which were highly 20 

managed (Garibaldi and Turner 2004; Barbara Wilson, personal communication.)  Given 21 

the original extent of high site cedar forests, management was unnecessary.  There were 22 

abundant cedar prior to contact for poles, canoes and houses.  No coastal First Nation 23 



 

22 

 

 

practiced traditional management of cedar, indicating that cedar for traditional use was 1 

historically abundant on the coast.   2 

 3 

The remaining old-growth forest is in Windy Bay.  One-third of the original old-growth 4 

forests remain, which is within the protection target of 10% originally set by the World 5 

Commission on the Environment (World Commission on the Environment 2007).  6 

Further, the remaining old-growth is concentrated in one area, rather than being spread 7 

out in isolated reserves.  Windy Bay presents an ideal opportunity for long-term 8 

monitoring as to whether 33% of the original forest is sufficient to maintain biodiversity 9 

values.  Windy Bay also represents an ideal opportunity to further refine site types of 10 

high site cedar forests for culturally modified trees.  There are abundant CMTs located in 11 

Windy Bay.  12 

 13 

The 1966 forest cover maps were highly inaccurate for the date and extent of early 14 

logging in comparison to areas visibly logged according to the 1937 air photos.  The area 15 

of early logging was overestimated by 300% on the forest cover maps.  The areas of 16 

mislabelled logging may be hand-logging although that could not be detected on the air 17 

photos.  However, it is more likely the date of logging is simply incorrect, although the 18 

locations are somewhat accurate.  Since the logging dates on the 1966 maps were carried 19 

over from the 1951 maps, the errors date from the 1951 maps.   20 

 21 

The most important contribution of the mislabelled logging is that is possible to 22 

determine old-growth forest composition from the 1937 air photos for a greater area of 23 
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the Islands than is apparent from the 1966 forest cover information, especially for high 1 

site forests.  Given their location along shorelines and moderate slopes, most of the mis-2 

labelled logging are high site forests.  Thus, the 1966 forest cover maps alone will not 3 

provide an accurate assessment of the original extent of cedar forests.  Without using the 4 

1937 photos, the original extent of high site cedar forests would be underestimated by 5 

one-third. 6 

 7 

Historical air photos and forest cover maps exist for all of coastal BC, so the methods in 8 

this project could be applied to other Nations’ territories.  It is possible to document 9 

original forest cover, including original extent of high site cedar forests from historical 10 

sources and develop quantitative datasets, rather than relying on anecdotal information.  11 

For other regions of the world, land use change occurred primarily after WWII and many 12 

areas were flown for military purposes and air photos with original landscape condition 13 

may still exist.  The methods of this project are potentially applicable globally and can 14 

resolve one of the pressing issues identified by the Millennium  Ecosystem Assessment – 15 

spatially-referenced data of original baseline conditions.   16 

 17 
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 1 

Table 1 Areas interpreted on 1937 air photos by source 2 

Source Area (ha) 

Logged by 1966  2307 

Accuracy assessment  689 

Cruise polygons 234  

Transect polygons 217  

Transect and cruise 

polygons 

156  

Infill  82 

TOTAL AREA  2996 

 3 

 4 

5 
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 1 

Table 2.  Transects established by forest type and total distance. 2 

Category Forest type Total distance 

(m) 

old 1966 logged now upland 1200 

old growth control riparian 500 

 upland 1250 

old growth control Total  1750 

old second growth (logged 

1937-1966) 

riparian 2100 

 riparian/upland 2400 

 upland 750 

old second growth Total  5250 

oldest second growth (logged 

pre-1937) 

riparian 450 

 upland 750 

oldest second growth Total  1200 

TOTAL all transects  9400 

 3 

 4 
 5 

 6 

 7 
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Table 3.  User’s accuracy for species composition for all species in 1966 forest cover map polygons compared to typing of 1937 air 1 

photos.  Values equal percent total of number of 10m grid points classified, with correct classifications in bold.  Overall accuracy = 2 

73.4%, with 95% CL = 72.2-77.7%.  Total equals number of 10m grid points in polygons.  C=cedar; H=hemlock; S=spruce; 3 

Cy=yellow cedar 4 

 1966 Forest Cover Labels 

1937 Forest 

Cover labels 

CH CHS H HCS HS HSC S SCH SH SHC Total 

CHS  46.5  8.2 15.6 7.6  14.2 2.2 5.8 4630 

CHYcS  5.3   8.4    13.0 73.3 1460 

CH  7.9   84.1 1.1   6.9  938 

HCS 3.8 28.3 2.2  3.6   34.4 10.6 17.2 12792 

HCYc  28.5 39.4  32.0      596 

HSC          100.0 338 

SHC  0.6   23.0  21.9   54.6 1436 

           22190 

 5 

6 
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Table 4.  User’s accuracy for species composition for all species in 1966 forest cover map polygons compared to typing of 1937 air 1 

photos for 1
st
 and 2

nd
 leading species only.  Values equal percent total of number of 10 m grid points classified, with correct 2 

classifications in bold.  Overall accuracy = 25.4% with 95% CL = 22.3-27.8%.  Total equals number of 10m grid points in polygons.  3 

C=cedar; H=hemlock; S=spruce. 4 

 1966 Forest Cover Labels 

1937 Forest 

Cover labels 

(1st and 2nd 

species) 

CH CHS H HCS HS HSC S SCH SH SHC Grand 

Total 

CH  32.8  5.4 23.2 5.1 0.0 9.3 5.1 19.0 7028 

HC 3.6 27.8 5.6  4.8   32.2 9.9 16.1 13636 

HS          100.0 338 

SH  0.6   23.0  21.9   54.6 1436 

           22438 

 5 

 6 

 7 

 8 

 9 
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Table 5.  Mean and standard deviation of average tree height from 1937 air photo 1 

polygons for height classes on the 1966 forest cover maps. 2 

Tree Height 

Class 1966 

Range (m) for 

1966 ht classes 

Average height 

1937 (m) 

Sd height 

1937 (m) 

Number 

5 41-50 40.3 7.1 11288 

6 51-59 41.6 6.8 6098 

7 60-69 44.7 4.5 5263 

 3 

4 
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Table 6.  Species composition based on basal area of stumps versus forest cover polygon 1 

labels for 1966 forest cover maps and 1937 air photo interpretation.  Bold values are 2 

labels are correct for species based on species basal area for stumps. 3 
Transect Species Sum 

Stump  BA 

(m2/ha) 

 Forest Cover 1966 Forest Cover 1937 

GCTR11 hw 1.68 logged HCS 

 ss 12.56   

GCTR12 cw 12.92 CHS HCS 

 hw 9.15   

 ss 36.74   

GCTR15 hw 2.09 logged HCS/HSC 

 ss 22.58   

 unk 1.84   

PWE2TR1 cw 27.79 CHS CHS 

 hw 13.14   

 ss 2.79   

 unk 3.17   

PWETR3 cw 5.73 CHS HCS 

 hw 15.94   

 ss 3.72   

PWETR4 cw 1.54 logged SHC 

 hw 13.69   

 ss 39.06   

 unk 6.01   

PWRCT7 hw 5.23 logged CH/HCS 

 ss 3.45   

PWRCTR6 cw 6.83 logged HCS 

 hw 0.21   

 ss 0.64   

 unk 1.54   

PWSBT5 hw 4.69 logged SHC 

 ss 3.64   

 unk 0.10   

PWSBTR2 ss 25.50 logged SHC 

SBTR17 hw 2.86 logged SHC 

 ss 27.45   

SBTR19 hw 1.31 logged CSH 

 ss 6.10   

SBTR20 cw 4.21 HS/CH HCS 

 hw 0.95   

 ss 16.82   

 unk 0.04   

SBTR21 hw 0.61 logged CHS 
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 ss 8.41   

 unk 0.92   

SBWTR22 cw 5.32 logged CHS 

 hw 2.63   

 ss 11.90   

SBWTR23 cw 13.61 CHS/HSC CHS 

 hw 5.16   

 ss 20.94   

 unk 0.69   

SITR18 cw 16.70 logged HSC/CHS 

 hw 0.70   

 ss 27.57   

 1 

 2 
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Table 7.  Old-growth forest  cover in 1937 by species composition and height class.  Values equal total hectares in each category. 1 
 Old-growth forest area (ha) in 1937 

Forest Cover Label Height Class  

   1 2 3 4 5 6 7 Total 

CCYHPL   77.0 465.7 31.6 0.0 0.0 0.0 0.0 574.3 

C Cy S 0.0 0.0 17.6 23.8 0.0 0.0 0.0 41.4 

C H S 14.2 312.1 518.1 1818.2 633.5 23.9 0.0 3319.9 

C H  3.1 120.6 625.6 974.8 78.7 3.4 0.0 1806.1 

C S H 0.0 0.0 59.6 351.8 205.1 0.0 0.0 616.5 

C S  0.0 0.0 24.4 158.1 101.8 0.0 0.0 284.3 

C   9.6 98.2 218.2 109.0 25.1 0.0 0.0 460.1 

CYCHPL   80.8 69.3 0.0 0.0 0.0 0.0 0.0 150.1 

Cy H S 0.0 37.3 50.2 17.6 0.0 0.0 0.0 105.1 

Cy H  0.0 0.0 5.1 0.0 0.0 0.0 0.0 5.1 

Cy   2.5 0.0 6.8 0.0 0.0 0.0 0.0 9.3 

H C Cy 0.0 30.0 24.1 0.6 0.0 0.0 0.0 54.8 

H C S 0.0 0.0 44.6 902.4 799.9 0.0 0.0 1746.9 

H C  0.0 5.2 48.2 501.2 209.7 0.0 0.0 764.3 

H Cy S 0.0 0.0 0.0 26.5 0.0 0.0 0.0 26.5 

H Cy  0.0 0.0 6.2 21.3 0.0 0.0 0.0 27.5 

H S C 0.0 0.0 0.0 386.5 770.2 54.8 0.0 1211.5 

H S  0.0 5.3 66.1 1152.2 1183.6 117.1 0.0 2524.3 

H   0.0 0.0 88.4 255.9 129.4 17.3 0.0 486.1 

S C Cy 0.0 0.0 0.0 8.6 0.0 0.0 0.0 8.6 

S C H 0.0 0.0 0.0 11.0 35.8 0.0 66.7 113.5 

S C  0.0 0.0 0.0 0.0 50.9 0.0 0.0 50.9 

S H C 0.0 0.0 0.0 0.0 78.0 508.2 5.0 591.2 

S H  0.0 0.0 0.0 48.0 91.0 209.2 166.2 514.5 

S   0.0 0.0 0.0 3.5 14.9 21.8 0.0 40.1 

Total   187.1 1143.6 1834.7 6771.1 4407.4 955.8 237.9 15532.7 

 2 

3 



 

34 

 

 

Table 8.  Areas logged between 1937 and 1966 and 1966 and 1987 by Forest cover types and height class. 1 
   Areas logged between 1937 and 1966 (ha) Areas logged between 1966 and 1987 (ha) 

Forest Cover 

Label 

Height Class Height Class 

   1 2 3 4 5 6 7 Total 1 2 3 4 5 6 7 Total 

CCYHPL  0.0 4.2 0.0 0.0 0.0 0.0 0.0 4.2 0.0 263.2 6.1 0.0 0.0 0.0 0.0 269.3 

C Cy S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.1 0.0 0.0 0.0 0.0 6.1 

C H S 0.0 0.0 6.9 330.0 291.5 0.0 0.0 628.4 0.0 0.0 23.2 749.6 347.7 23.9 0.0 1144.4 

C H  0.0 0.0 96.3 199.3 29.8 0.0 0.0 325.4 0.0 106.6 348.3 302.9 34.6 0.0 0.0 792.3 

C S H 0.0 0.0 0.0 4.8 34.3 0.0 0.0 39.2 0.0 0.0 0.0 73.7 142.4 0.0 0.0 216.1 

C S  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.8 108.8 53.0 0.0 0.0 182.5 

C   0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.0 5.1 84.2 25.1 0.0 0.0 114.3 

CYCHPL  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Cy H S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 111.9 35.1 35.2 0.0 0.0 0.0 182.2 

Cy H  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Cy   0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

H C Cy 0.0 5.8 0.0 0.6 0.0 0.0 0.0 6.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

H C S 0.0 0.0 0.0 90.2 205.0 0.0 0.0 295.2 0.0 0.0 5.6 329.7 431.0 0.0 0.0 766.3 

H C  0.0 0.0 13.7 29.8 0.0 0.0 0.0 43.5 0.0 0.0 19.5 196.2 64.1 0.0 0.0 279.8 

H Cy S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

H Cy  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.3 0.0 0.0 0.0 13.3 

H S C 0.0 0.0 0.0 0.0 201.8 0.0 0.0 201.8 0.0 0.0 0.0 428.6 308.9 54.8 0.0 792.3 

H S  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 68.3 1278.6 1039.2 77.2 0.0 2463.2 

H   0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 362.5 112.2 0.0 0.0 474.7 

S C Cy 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

S C H 0.0 0.0 0.0 11.0 9.6 0.0 0.0 20.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

S C  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.9 0.0 0.0 11.9 

S H C 0.0 0.0 0.0 0.0 34.4 110.5 0.0 144.9 0.0 0.0 0.0 0.0 0.0 249.3 0.0 249.3 

S H  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.8 135.9 143.3 91.2 387.2 

S   0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.2 0.0 0.0 11.2 

Total   0.0 10.7 116.9 665.9 806.3 110.5 0.0 1710.3 0.0 481.6 537.9 3980.0 2716.9 548.5 91.2 8356.2 

 2 

3 
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Table 9.  Old-growth forest cover in 2007 by species and height class. 1 

 Old-growth forest area in 2007 

Forest Cover Label Height Class 

   1 2 3 4 5 6 7 Total 

CCYHPL   77.0 198.3 25.5 0.0 0.0 0.0 0.0 300.9 

C Cy S 0.0 0.0 11.5 23.8 0.0 0.0 0.0 35.3 

C H S 14.2 312.1 488.0 738.5 -5.6 0.0 0.0 1547.1 

C H  3.1 14.0 181.0 472.5 14.4 3.4 0.0 688.4 

C S H 0.0 0.0 59.6 273.3 28.4 0.0 0.0 361.3 

C S  0.0 0.0 3.6 49.3 48.9 0.0 0.0 101.8 

C   9.6 97.5 213.2 24.8 0.0 0.0 0.0 345.0 

CYCHPL   80.8 69.3 0.0 0.0 0.0 0.0 0.0 150.1 

Cy H S 0.0 -74.6 15.1 17.6 0.0 0.0 0.0 -77.1 

Cy H  0.0 0.0 5.1 0.0 0.0 0.0 0.0 5.1 

Cy   2.5 0.0 6.8 0.0 0.0 0.0 0.0 9.3 

H C Cy 0.0 24.2 24.1 0.0 0.0 0.0 0.0 48.3 

H C S 0.0 0.0 39.0 482.5 163.9 0.0 0.0 685.5 

H C  0.0 5.2 15.1 275.1 145.6 0.0 0.0 441.0 

H Cy S 0.0 0.0 0.0 26.5 0.0 0.0 0.0 26.5 

H Cy  0.0 0.0 6.2 8.0 0.0 0.0 0.0 14.2 

H S C 0.0 0.0 0.0 42.0 259.5 0.0 0.0 217.5 

H S  0.0 5.3 2.2 126.4 144.4 40.0 0.0 61.1 

H   0.0 0.0 88.4 106.6 17.2 17.3 0.0 11.3 

S C Cy 0.0 0.0 0.0 8.6 0.0 0.0 0.0 8.6 

S C H 0.0 0.0 0.0 0.0 26.3 0.0 66.7 92.9 

S C  0.0 0.0 0.0 0.0 39.0 0.0 0.0 39.0 

S H C 0.0 0.0 0.0 0.0 43.6 148.4 5.0 197.0 

S H  0.0 0.0 0.0 31.2 -44.9 65.9 75.0 127.3 

S   0.0 0.0 0.0 3.5 3.7 21.8 0.0 28.9 

Total   187.1 651.3 1179.9 2125.2 884.3 296.8 146.7 5471.1 

 2 
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Table 10. Percent area of old-growth forest remaining that was present in 1937 by species and height class 1 
 Percent area of old-growth forest remaining in 2007 that was present in 1937. 

Forest Cover Label Height Class 

   1 2 3 4 5 6 7 Total 

CCYHPL   100.0 42.6 80.7     52.4 

C Cy S   65.2 100.0    85.2 

C H S 100.0 100.0 94.2 40.6 0.9 0.0  46.6 

C H  100.0 11.6 28.9 48.5 18.3 100.0  38.1 

C S H   100.0 77.7 13.8   58.6 

C S    14.8 31.2 48.0   35.8 

C   100.0 99.3 97.7 22.8 0.0   75.0 

CYCHPL   100.0 100.0      100.0 

Cy H S  100.0 30.1 100.0    73.3 

Cy H    100.0     100.0 

Cy   100.0  100.0     100.0 

H C Cy  80.6 100.0 0.0    88.2 

H C S   87.5 53.5 20.5   39.2 

H C   100.0 31.3 54.9 69.4   57.7 

H Cy S    100.0    100.0 

H Cy    100.0 37.7    51.7 

H S C    10.9 33.7 0.0  18.0 

H S   100.0 3.3 11.0 12.2 34.1  2.4 

H     100.0 41.7 13.3 100.0  2.3 

S C Cy    100.0    100.0 

S C H    0.0 73.3  100.0 81.9 

S C      76.7   76.7 

S H C     55.9 29.2 100.0 33.3 

S H     65.0 49.3 31.5 45.1 24.7 

S      100.0 24.5 100.0  72.0 

Total   100.0 56.9 64.3 31.4 20.1 31.0 61.7 35.2 
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