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1 Introduction 
 
We used a spatial dynamic simulation model to evaluate tradeoffs between timber supply 
and harvest profile, the size and nature of a network of forest habitat reserves, and 
measures of biodiversity under alternate management scenarios, on Riverside Forest 
Products Limited TFL-49.  The base scenario was our best approximation of the Forest 
Management Plan now being development for the TFL (MP4v4). The management 
alternatives we considered included 

1. restoring netdowns for stream side buffers to the harvestable landbase in 
select regions of the TFL,  in exchange for equivalent areas of habitat 
reserves permanently withdrawn from the harvestable landbase; 

2. modifications to planned regeneration of harvested stands within selected 
regions of the TFL, in order to increase the future abundance of leading 
Douglas fir, Englemann spruce and Balsam fir forest on the harvestable 
landbase. 

To measure biodiversity, we developed statistical models of presence/absence and 
species richness of winter resident forest birds, using empirical data collected by point 
surveys conducted in the TFL during winter 2003. Model covariates used measures of 
forest age, height and species composition at 1ha locales and 49ha neighbourhoods 
surrounding each survey station. The covariates were chosen so that they could be 
projected over time in the simulation model, using MP4 inventory data, growth and yield 
data, and GIS coverages of static features. The simulation model is a customized version 
of FEENIX, a tool originally developed by Dr. Carl Walters at UBC, and since adapted to 
many theoretical and applied problems of forest ecology and management in BC and 
Alberta. The primary enhancement to FEENIX created for this study was a sophisticated 
system to construct reserve networks containing specified proportions of representative 
habitat types, under an objective function that incorporates economic cost, patch size and 
connectivity, and winter bird habitat quality. An iterative greedy construction is used to  
maximize the objective function.  
 
The timber supply objectives for the analysis were to maintain an AAC of 370,000m3 
over the first 35 yr of the simulations, to minimize any subsequent decline in AAC, and 
maintain a premium product volume above 30% of the total harvest. This objective was 
satisfied under all main scenarios. Predicted habitat quality for winter forest birds was 
maximized by the scenarios including both management alternatives: reallocation of 
riparian buffer areas to habitat reserves, and modification of MP4 regeneration rules to 
preserve areas of non-pine conifer forest, in particular, areas of Balsam fir forest within 
the ESSF BEC zone.  We conclude with a critical examination of the statistical models, 
present recommendations for future statistical analysis and model-directed field sampling 
to reduce uncertainties, and suggest a reconsideration of some aspects of Management 
Plan 4. 
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2 Methods 

2-1 Data Sources 
 

2-1-1 Growth and Yield Data 
 
This study used Growth and Yield data mostly as described in the information package 
for Management Plan 4, Version 41 (MP4v4, henceforth). Forest stands were stratified by 
BEC site-series and management history into 218 Analysis Units (AUs): natural 
unmanaged stands (AU 1-83, 71.0% by area), natural deciduous stands (AU 102-183, 
1.2% by area), existing managed stands (AU 201-253, 19.0% by area) and future 
managed stands (AU 301-350, 8.8% by area). For each AU, yield tables specified 
merchantable volume, height, and periodic increments at 10yr intervals. Estimated 
premium product volumes2 (PPVol)  were provided as auxiliary tables. Units for volumes 
and increments are m^3/ha. Yields, heights and PPVol were interpolated to annual 
resolution, consistent with the FEENIX time step. For each AU (i=1,350), periodic 
increments [Inc(i,t)], mean annual increments [MAI(i,t)], culmination ages [C(i)] and the 
MAI at culmination [CAI(i)] were computed from the annualised yield tables. Rotation 
ages were set to culmination ages, except as noted below. FEENIX normally defines 
minimum harvest ages [MHA(i)] as the least tmin < C(i) where MAI(i,tmin) > c CAI(i), 
where c<1 is a user-defined constant with default 0.95. In these scenarios, however, the 
MHA were specified in the yield tables provided.   
 
Ancillary tables specified the expected proportion of deciduous volume and species 
composition at the intended harvest age, for each AU. The species composition identified 
up to two tree species and their proportional volume. The first of these species will be 
referred to as “the AU leading species”. Note that these AU-specific compositions are 
generally not the same as the present species compositions of stands as given by the VRI. 
 

2-1-2 Inventory and other polygon data  
 
The initial landscape was derived from current digital vegetation resources inventory 
(VRI) and additional polygon coverages, as described in Section 5 of MP4v4. These 
additional coverages defined e.g. BEC ecological classification to the site-series level, 
and various special management zones used to determine netdowns and spatial 
constraints for integrated resource management. The intersection of the VRI with these 

                                                 
1 Timber Supply Analysis Information Package,  Okanogan Tree Farm License (TFL49) Management Plan 
No. 4. Version 4, dated February 2004. Timberline Forest Inventory Consultants Ltd., Victoria BC. 
2 Premium product volume is defined by a minimum 20cm top diameter (inside bark) and a minimum 5m 
log length. 
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coverages is termed the “Resultant”. The Resultant was intersected with a uniform 1 ha 
rectangular grid coverage of the TFL area. The area of each resultant polygon intersected 
with each 1ha cell was exported as a spread sheet, with a link to an Access database 
containing all polygon attributes. Because the Resultant is the intersection of many 
coverages, it contains many small polygons, and most 1ha cells intersected several 
resultant polygons (3.94, on average). The largest intersecting polygon was used to 
initialise landscape cells: this is equivalent to a “majority area” gridding procedure. The 
attributes used included VRI species composition, age, height, management history of the 
dominant canopy layer, and the assigned MP4 analysis unit (AU) which links the cell to 
the growth and yield tables. Other Resultant attributes were used in landbase 
determination as described below, and to implement the ecological habitat classification 
described in Section Clusters. 
 

2-1-3 Streams and Riparian Buffers 
 
A stream coverage was intersected with the 1ha grid of the TFL, and the length and 
stream type of each intersection was exported as a table. This table is loaded into 
FEENIX as a separate data layer, which is used to 
determine the total stream length per cell, by stream 
class and in aggregate. Custom software then filters 
the resultant “stream network” to connect isolated 
stream segments. The total stream length within the 
TFL 49 landscape is reported in the adjoining table.  
 
 
 
Most riparian buffers are relatively narrow compared to a 1ha FEENIX cell (100m by 
100m). In cells that do contain some riparian buffer, the intersected Resultant polygon 
will generally not be the majority area within the cell. Thus, the normal gridding 
procedure described above is not adequate to represent the total amount and distribution 
of riparian buffer areas on the landscape. Riparian buffers are simply below the effective 
spatial resolution of the model. To solve this problem, FEENIX  can load an auxiliary 
table of cell locations and the area of an intersecting buffer or buffer fragment. After 
some filtering and other processing, the sum of the per-cell buffer areas is used to net 
down the cell’s harvestable area. The age of the riparian buffer area within cells can be 
tracked separately. Two such tables were produced for this study, by intersecting the 1ha 
grid with 1) a buffer coverage as mandated by the forest practices code (FPCbuf) and 2) a 
buffer coverage based on forest height criteria developed by Riverside (HTbuf). For all 
buffer classes combined (lakes, streams and wetlands), the total area in FPCbuf was 
11,245ha, and the total area in HTbuf was 10,460ha. Buffers on Class 6 streams 
accounted for 34% and 44% of the total riparian buffer area, respectively. 
 

 Length(km) P(Total) 
S6 999.3 0.541 
S4 332.6 0.180 
S3 242.8 0.131 
S5 149.3 0.081 
S2 120.8 0.065 

Sum 1,844.8 1.000 
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2-2 Landbase Determination 
 
Preliminary landbase determination was a pre-processing stage based solely on attributes 
of the Resultant. That process is reported in this section. The total area of the gridded 
TFL 49 landscape was 143,694ha. VRI attributes NPFORCODE and NPFORDESC were 
used to identify naturally non-forested or permanently deforested areas. In FEENIX, 
these areas are classed as “water”, “natural non-forest vegetation”, “natural non-
vegetated” or “anthropogenic,” based on the VRI attributes just mentioned. The 
remaining area of potentially forested landbase was 136,291ha (Table 2-1a).  This 
includes 3066ha with an assigned AU but no VRI species, age or height attributes. These 
were interpreted as recently harvested stands, and assigned an appropriate initial species 
composition age and height based on the ancillary AU tables. AUs 317 and 344 
accounted for 63% of this area. 
 
The potentially forested landbase was then classified by constraint class. Protected areas 
and permanent netdowns identified in the Resultant were classed as the non harvestable 
or Fully Constrained landbase (Table 2-1b). The “Eco” constraint is predominantly 
ecologically sensitive areas or identified wildlife tree patches. The “Poor” constraint is 
predominantly Non-productive or Low Volume sites. “Low Site” includes Low 
Productivity sites, and overstocked pine. After these netdowns, the remaining harvestable 
landbase (THLB) was 126,463 ha. This value is significantly greater than the 123,757ha 
reported in MP4v4 (Table 7.4 ). Most of this discrepancy results from underestimation of 
riparian buffer areas in the gridded Resultant, as discussed previously. It is resolved by a 
processing step within FEENIX, described in the next section.   
 
Integrated Resource Management  requirements as described in Section 10 of MP4v4 
impose various spatially explicit constraints on harvest rate and forest age- height- or 
patch size-class structures. FEENIX approximates the effect of these constraints by 
increasing the rotation ages of forest cells, using species and constraint-specific rules 
suggested by Inland Timber Management Ltd in their report “Overlap Analysis and 
Virtual OGMA Development” dated February 26 2003. The most severe constraints 
cover VQO retention areas, Mountain Goat winter range, and seasonal movement 
corridors for Bighorn Sheep (Table 2-1c). The 4299ha of THLB under these constraints is 
referred to as the “Partially Constrained” landbase. 
 
Less severe constraints for VQO partial retention areas and ungulate habitat affect 
23,833ha of the remaining THLB (Table 2-1d). These areas are referred to as the “Lightly 
Constrained” landbase. The 98,331ha of THLB not subject to any constraint mentioned in 
Tables 2-1c or 2-1d is called the “Unconstrained” or “Free” landbase. The spatial 
distribution of the five landbase classes are mapped in Figure 2-1. 
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(a) 

 Non-forested & Non-
vegetated landbase 

Constraint p Area 
Total 1.000 143694 
Productive 0.948 136291 
OR/U 0.017 2514 
NonVeg 0.016 2293 
NonFor 0.011 1541 
Water 0.007 1055 
NFLB 0.052 7403 

 
 
 

(c) 
Partial Constraints 

Constraint p Area 
Total 1.0000 126463 
None 0.9660 122164 
VQO(VR) 0.0279 3525 
Goat Winter 
Range 

0.0045 
566 

Sheep 
Corridors 

0.0014 
183 

Lakes 0.0002 25 
Part 0.0340 4299 

 
 

Table 2-1 Summary of landbase determination process, by area and constraint class. 

 

The Free landbase includes 21,991ha of mapped Moose winter range. According to 
MP4v4, 25% of this area is required to be maintained above 16m in height. This 
constraint was not binding in any of the simulations reported here. Therefore, moose 
winter range was not included in the Lightly constrained landbase. 
 

2-2-1 Riparian Buffer Areas  
 
Total stream lengths per cell, for all stream classes combined, are mapped in Figure 2-2, 
as light green (<100m) or dark green (>100m). Cells that were netted out of THLB on the 
basis of the Riparian (stream) buffer criteria are shown in red. Clearly, the gridded 
Resultant primarily identifies riparian buffers associated with the larger streams (Classes 
2 or 3).  FEENIX uses the auxiliary stream-length and  buffer area tables, in combination 
with the mapped distribution of lakes, to correct this. First, the Riparian netdown areas 
are netted back into THLB, unless some other constraint applies. The total buffer area per 
cell is then computed by reading in the specified riparian buffer table. The totals are then 
subtracted from cells net harvestable area except for cells where Class 6 streams comprise 

(b)  
Full Constraints 

Constraint p Area 
Total 1.0000 136291 
None (THLB) 0.9279 126463 
Park 0.0179 2446 
Eco 0.0153 2090 
Riparian 0.0143 1943 
Deciduous 0.0088 1196 
Poor 0.0086 1168 
Low Site 0.0036 493 
Misc+Combos 0.0035 492 
Full 0.0721 9335 

(d) 
Light Constraints 

Constraint p Area 
Total 1.0000 122164 
None (Free) 0.8049 98331 
Deer 0.0608 7423 
VQO(VPR) 0.0394 4808 
Deer+VPR 0.0288 3524 
Sheep+Goats 0.0288 3514 
Sheep+Deer+VPR 0.0191 2328 
Sheep 0.0159 1948 
Misc 0.0024 288 
Light 0.1951 23833 
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more than 90% of the total stream length and that are not adjacent to a lake. No riparian 
buffers are associated with Class 6 streams (MP4v4 Table 6.9).  
 

 
Figure 2-1Initial Landbase determination, with stream buffer netdowns deleted and excluding Moose 
winter range. 

 
The corrected stream buffer netdown areas by 
landbase, and the total area of the harvestable 
landbase (THLB) are reported in the adjacent table for 
both buffer-width assumptions. All areas are in ha. 
The buffer widths based on tree height (HTBuf) are 
somewhat more constraining than those mandated by 
the forest practices code (FPCbuf). The discrepancy 
between the total area of THLB under the latter 
assumption and the area reported in MP4v4 is a negligible 0.3%.  
 

 FPCBuf HTBuf 
NHLB 1171 1702 
Part 228 275 
Light 1260 1482 
Free 2229 2527 
Netdown 
from THLB 

3317 4274 

THLB 124113 123206 
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Figure 2-2 Total stream lengths per cell for all stream classes. Cells netted out of the harvestable 
landbase based on the gridded resultant “Riparian” attribute are shown in red. (The pink cells, 

mapping winter bird sampling locations,  are not relevant to the present issue). 
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2-3 Harvest Scheduling 
The FEENIX harvest scheduler simulates dynamic cut-block layout, AAC calculation 
and harvest sequencing, developing a new “plan” at 5yr intervals. The version presented 
here was developed by extensive simulation experiments to 1) produce stable consistent 
behaviour across management scenarios while 2) approximating the Harvest Flow 
Objectives stated in Section 10.5.5 of MP4v4. We targeted an initial AAC of 370,000m3 
to be maintained for 35yr. These values were adapted from targets previously shown to 
be feasible3. FEENIX is not an optimizing scheduler. Further, not all the constraints 
identified in MP4v4 were implemented; in particular, as advised by Riverside staff, no 
green-up or other block adjacency constraints were enforced. Therefore, we make no 
claim that the simulated harvest schedules are optimal or feasible.  

2-3-1 Stratification 
THLB is partitioned into 6 strata, four based on AU leading species, and two on 
constraint class. The four leading species strata are BT_Fir (Fd), BT_Pine (Pl), 
BT_Spruce (Sx) and BT_Balsam (Bl). Rare conifer types (Py, Lw and Cw) were 
considered equivalent to Fd for this purpose: these AUs account for only 0.59% of 
THLB.  The two constraint strata were BT_Light and BT_Part, for the lightly and 
partially constrained landbases, respectively. Cells in the NFLB, the fully constrained 
landbase, or with no assigned AU are classified as non-merchantable. There were 
2,202ha with FRI forest cover attributes (e.g. leading species, age and height), but with 
no assigned AU. All but 8ha of this was classed as non-productive forest (codes NTA, A 
or NP). The initial stratification used in all simulations is shown in Figure 3. The strata of 
harvested cells are reassigned depending on the new AU specified by the regeneration 
rules. 

2-3-2 Blocking 
At the start of every 5yr planning period, FEENIX assembles all harvestable cells into 
near-regularly shaped harvest blocks subject to strata-specific minimum and maximum 
block sizes (S0 and S1), maximum age ranges 
(Ra), and range of rotation ages (Rr). The 
parameter values used in these simulations are 
reported in the adjoining table. Any cell on 
THLB above the applicable minimum harvest 
age and that is not waiting on a spatial constraint 
(e.g. green-up delays) is considered harvestable. 
A typical pattern of harvest blocks for the first 
period is shown in Figure 2-4. The limitation on 
within-block variation in rotation ages (Rr) was developed for this study. Its purpose is to 
limit timber supply bottlenecks that can arise when blocking cells of widely different 
rotation ages interferes with the sequencing algorithms attempts to create favourable age 
structures as rapidly as possible. 
                                                 
3 Enhanced Silviculture Strategy for TFL 49. Olympic Resource Management. Dated September 2000. 

Stratum S0 S1 Ra Rr 
BT_Fir 1 20 60 20 
BT_Pine 1 40 60 20 
BT_Spruce 1 20 60 20 
BT_Balsam 1 20 60 20 
BT_Light 1 10 60 20 
BT_Part 1 10 60 20 
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2-3-3 Annual Cut Calculations 
Annual harvest rates are determined every 5yr, based on per-strata AACs calculated by 
modified versions of the Hanzlik formula. The modifications are strata-specific. The 
Hanzlik formula for a homogeneous forest is R

VI m+ , where I is the increment, Vm is the 

mature volume or total  volume in post-rotation age stands, and R is the rationing period. 
Because the Hanzlik AAC is additive, it can be calculated by summing the individual 
contribution of each cell within a strata. In the standard formulation, this contribution 
depends only on the cells’ AU (i) and age (t).  If t<C(i), the contribution is the increment 
Inc(i,t). Otherwise, the cell contributes 1/R of its standing volume, plus the increment.  It 
was necessary to modify both components of the contribution.  
 
In virgin forests, R is conventionally taken to be a multiple of the rotation age. This is 
inappropriate for a partially converted forest such as TFL 49, especially when the rotation 
ages of regenerating stands are lower than those of the natural stands they are replacing, 
as is the case under the MP4 silvicultural regime. In these simulations, R is taken to be 
the rotation age of the regenerating stand, that is, the rotation age of the AU to which a 
harvested cell would be regenerated. Over the first 20yrs of simulation runs, the mean 
difference between the conventional rotation ages and ration period is 42yrs. Thus, this 
modification significantly increases the calculated AAC. 
  
In a regulated forest, the sum of increments is equal to the product of MAI at rotation and 
the total area. In these simulations, most strata do not attain a regulated age structure, 
while the conversion of large areas to short rotation pine results in transient age structures 
such that the sum of annual increments overestimates the sustainable harvest rate. 
Therefore, increments for cells in strata BT_Pine are calculated as a weighted average of 
the current increment  Inc(i,t) and CAI(i), the mean annual increment at rotation age. The 
weight factors change smoothly over time. Similar adjustments are applied to a few other 
strata.  

2-3-3-1 Initial harvest levels 
FEENIX allows specification of an initial target AAC which overrides the calculated 
values for a specified period. In that case, the calculated per-strata AACs are pro-rated. In 
these simulations, as noted, the initial AAC was set to 370,000 m3 for a period of 35 yrs. 
Over this period, the calculated AAC for strata BL_Pine is reduced by 20%, accelerating 
the harvest and conversion of other strata over the first few periods. This prevents a 
collapse of PPVol in the 4th and 5th decades. In most simulations, a maximum AAC of 
410,000 m3 is enforced, to increase long-term availability of older stands within THLB. 
FEENIX attempts to limit inter-period variation in AAC to within 5% (MP4v4, 10.5.5). 
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2-3-4 Sequencing 
Within strata, blocks are sequenced according to one or more of the following quantities: 
Age, Volume (m3/ha),  ∆MAI and Age-Deviance. Age and Volume are simply the mean 
age and volume density of all cells within a block. ∆MAI is the mean change in 
productivity, measured as the difference between the MAI at rotation age of the existing 
and regenerating AUs. Age-Deviance is the inverse of the absolute difference between 
Age and MA, the mean Age of all blocks within the strata: 1/(0.1 + abs(Age – MA)).  
Sequencing by Age is simply an “oldest first” sequencing rule. Sequencing by ∆MAI  is 
equivalent to one of the alternate rules mentioned in MP4v4 Section 11.5. The strata and 
period-specific rules used in all simulations are reported in the following table. 
 

Strata Sequencing rule(s) 
BT_Part Volume 
BT_Light Volume 
BT_Balsam Age 
BT_Fir Age 
BT_Spruce ∆MAI until 100yr, then Age 
BT_Pine Age-Deviance until 35yr, then Age 
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Figure 2-3 Initial stratification of the harvestable landbase by AU leading species and constraint 

class. 

2-3-5 Regeneration 
Harvested stands are regenerated to an AU as specified in an input table. The default 
table, provided by Timberline, implements the silvicultural prescriptions specified by 
Riverside which are summarised in Table 8.10 of MP4v4. The species composition of the 
regenerating cell is then set according to the AU leading species, secondary species (if 
any) and the proportion of deciduous cover. The regenerating cell is then assigned to a 
new strata, again based on the AU leading species. Some simulations used alternate 
regeneration tables: these are described in Section Scenarios 
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Figure 2-4 Illustration of typical first-period harvest blocks (in red) for the northern part of TFL 49.  
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3 Habitat Cluster Reserves 
 
In a previous study, Huggard used multivariate statistical analysis to group 64 distinct 
BEC phases into 26 habitat “Clusters” based on similarities in measurements of 
vegetation structure. 21 of these Clusters occur on TFL 49, of which the six most 
extensive account for 91% of the total landbase (Table 3-1). Cluster 23 is essentially 
coextensive with the ESSF (Figure 3-1) while Clusters 16 and 7 are closely associated 
with the MS and IDF, respectively. As part of a coarse filter management strategy, 
Riverside seeks to meet biodiversity objectives within the TFL by retaining some 
proportion of each Cluster in an unmanaged or natural condition. The retention levels set 
for this analysis were: 100% of all rare Clusters (<50ha total area within TFL 49), 10% 
by area of Clusters 7, 16 and 23, and 20% by area for all other Clusters. To minimise 
economic costs of this strategy, the retention areas should be selected so far as possible 
from  protected areas and other parts of the NHLB. FEENIX uses a customized reserve 
design module to design low cost, high value networks of retention areas. 
 

Table 3-1 Cluster number and proportional landscape area for the six most abundant habitat 
clusters on TFL 49, with their composition by BEC classification expressed as proportion of total 
cluster area (p) and absolute area in km2 (A). 

 
16 (0.322) 7 (0.308) 23 (0.195) 

 p A  p A  p A 
MSdm201 0.83 387.3 IDFdk101 0.37 166.9 ESSFdc201 0.66 183.7 
ICHmk101 0.10 46.4 MSdm204 0.22 98.8 ESSFdc206 0.17 45.9 
MSdm205 0.06 26.2 IDFmw101 0.18 78.7 ESSFxc01 0.08 23.1 
ESSFdc205 0.01  5.1 IDFdk201 0.12 55.4 ESSFxc06 0.06 16.1 
IDFxh108 0.00  0.5 ICHmk104 0.04 19.3 IDFxh105 0.01  2.1 
   MSdm203 0.03 12.2 ESSFxc07 0.01  2.5 
   IDFdk104 0.02  9.9 ESSFdc208 0.01  2.5 
   IDFmw104 0.01  5.7 ESSFdc207 0.01  2.2 
   ICHmk103 0.00  0.6    
   ESSFdc203 0.00  0.5    

 
 
 

 
 

The basic strategy is to block the landbase into contiguous patches by habitat cluster, and 
then iteratively mark individual patches as non-harvestable “Cluster Reserves” until the 
specified retention objectives have all been achieved. The construction proceeds in four 

21 (0.030) 9 (0.026) 3 (0.026) 
 p A  p A  p A 
IDFxh101 0.83 37.5 IDFdk105 0.68 24.6 IDFmw103 0.56 19.7 
IDFxh106 0.09  4.2 ICHmk105 0.19  6.8 IDFdk103 0.14  5.1 
IDFxh104 0.08  3.5 IDFmw105 0.13  4.7 ICHmk102 0.14  4.8 
      IDFdk203 0.09  3.1 
      IDFxh205 0.08  2.7 
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stages. In the first stage, the total area and area within the NHLB landbase is determined 
for each cluster. Initial assignments to Cluster Reserves are then made, to account for 
special cases including 100% retention objectives for rare Clusters. In the second, third 
and fourth stages, patches of under-represented Clusters are added to the Cluster 
Reserves from the partially constrained landbase, then from the lightly constrained 
landbase, and finally from the unconstrained landbase. This sequence is intended to 
minimise timber supply impacts of the reserve network.  
 
Within each stage, the target landbase is blocked by the Cluster attribute, and a number of 
attributes are calculated for each block that measure relative block size, age, connectivity 
and predicted species richness. Block age is defined as: 
 

Wsi = ai /(ai + c), 
 
where ai is the area of the i-th block, and c is the half-saturation constant, here set to20 
(Figure 4) so that an area of 20ha has a weight of 0.5. Relative age is defined as: 
 

Wai = 1 - |qi – 0.5| / 0.5, 
 
where qi is the proportional area of the current landbase younger than the mean age of 
cells in the i-th block. Connectivity is measured by the proportion Wei of the perimeter of 
the block i that is adjacent to a fully protected area or to Cluster Reserves created at a 
previous stage. Each of these three terms takes a value between 0 and 1. Block richness 
Wri is simply the mean predicted species richness of all cells in block i, scaled to [0,1] by 
dividing by the maximum over all blocks. 
 
The purpose of the size criteria is to favour retention of larger patches. In general, a 
single large patch may be assumed to have higher habitat conservation value than an 
equivalent area of smaller patches. The purpose of the edge or adjacency criteria is to 
spatially aggregate retained areas, creating large contiguous areas of heterogeneous 
Cluster Reserves. The purpose of the age constraint is to favour Cluster Reserves of 
intermediate age. Very young areas are probably non-optimal habitat for many species 
associated with particular clusters, and will in any case be well represented on the 
harvestable landbase. We anticipated that selection of very old patches might exacerbate 
the effect of retention on AAC. The purpose of the richness criteria is to assemble a 
reserve network that maximises habitat values for winter-resident forest birds. 
 
A weighting function integrates these attributes into a single value, blocks are sorted by 
value within clusters and selected in order, highest value first, until no blocks remain or 
the retention objectives are satisfied. The definition of the weighting function depends on 
the management objectives or desired qualities of the reserve system. We used two 
distinct weighting functions in this analysis. The first function is the geometric mean of 
size, age and connectivity  

Wi
  = (Wsi  ×  Wai  × Wei)1/3 
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but does not consider species richness. When using this “standard” weighting scheme, 
system behaviour resembles some applications of the SITES package4 which is widely 
used to design representative portfolios of conservation networks. The second weighting 
function was simply 

Wi
  = Wri 

which values species richness only and places no weight on the other factors. We used 
this “Richness” weighting scheme in an effort to maximise initial species richness in the 
retention areas.  
 

Cluster Reserves are essentially a new kind of landbase constraint, roughly equivalent to 
full constraints such as permanently protected areas. However, Cluster Reserves are 
distinct in the model, partly for bookkeeping purposes, partly to facilitate the construction 
algorithm, and also to allow for more general dynamic reserve construction methods in 
the future.  
 
 
 

         
 

Figure 3-1 Spatial distribution of the 6 most abundant habitat Clusters within TFL 49 (left) 
contrasted with the BEC Zonation (right).

                                                 
4 S. Andelman, I. Ball, F. Davis and D. Stoms (1999) SITES v 1.0: an analytical toolbox for designing 
ecoregional conservation portfolios (A Manual Prepared for The Nature Conservancy). 
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4 Modelling Winter Bird Survey Data 
 
In January and February of 2003, Riverside consultants surveyed for winter resident birds 
within the TFL. Grids of point counts stations (888 stations in total) were established 
within 129 mapped stands, stratified by habitat Cluster and “Treatment”. See Maxcy et 
al.5 and Herbers et al.6 for details of the design and field protocols. We were provided 
with a database of station-level species records, containing species observed, number of 
individuals, estimated detection distance and a behaviour code. For each station, the 
database included the sampling date and time, the distance to the nearest stream, UTM 
coordinates, and the stand identifier,  cluster and treatment. Some stations were visited 2 
or 3 times during the field season.    
 
Although the data were collected to address stand-level questions, we used them to 
develop station-level models. There were several reasons for this. The sample design was 
based on an earlier inventory, and we could not relate the recorded stand identifiers to the 
more recent data. Mapped stand boundaries are not permanent features, and do not persist 
over time in either managed or natural landscapes. Mapped stand boundaries do not 
necessarily delineate all the attributes of habitat structure that affect the distribution of 
forest birds. Finally, the spatial scale of  point count surveys is commensurate with the 
1ha spatial resolution of FEENIX cells. In this section, we describe our development of 
statistical models of the station-level data. 
 
A total of 37 bird species were detected. To determine which of these to model, we 
plotted the mean and variance of stand-level abundances for each species (Figure 4-1).  
Species with a mean < 0.02 were rejected, as we considered they were too rare to model.  
Species where the variance was much larger or smaller than the mean were also rejected.   
This reduced the number of potential species to 16 (Table 4-1).  Of these, we rejected the 
BOWA (observed at only 3 stations), HAWO (low variance), and WWCR (high variance 
of 0.408 and observed at only 16 stations). (See Appendix 1, Table A1.1 for a list of 
species common names and codes).  The final set of 13 candidate species was:  BCCH, 
BOCH, BRCR, CLNU, GCKI, GRJA, MOCH, PIGR, PISI, PIWO, RBNU, RECR, and 
TTWO.  
 
 
   
 
 
 

                                                 
5 Maxcy K, Herbers J, Serrouya R. 2003.  Non-Migratory Birds on Riverside’s TFL 49 – Riparian  

 Landbase. 
6 Herbers J, Maxcy K, Serrouya R. 2003.  Non-Migratory Birds on Riverside’s TFL 49 – Terrestrial  

Landbase. 
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 Figure 4-1 Mean and variance of stand-level abundances for the 37 recorded species.  
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Table 4-1: Detection frequencies of the initial 16 candidate species. Count is the total number 
of individuals detected, and N. Stands is the number of stands where at least one individual 
was detected. 

Species Count N. Stands  Mean Variance 
BCCH 136 29 0.151 0.148 
BOCH 82 24 0.090 0.046 
BOWA 65 3 0.068 0.252 
BRCR 90 47 0.104 0.033 
CLNU 99 44 0.110 0.047 
GCKI 24 13 0.027 0.008 
GRJA 74 37 0.082 0.022 
HAWO 20 15 0.024 0.005 
MOCH 222 48 0.245 0.178 
PIGR 111 41 0.111 0.057 
PISI 371 23 0.233 0.570 
PIWO 36 26 0.044 0.010 
RBNU 478 92 0.515 0.433 
RECR 431 59 0.463 0.687 
TTWO 41 28 0.048 0.016 
WWCR 146 16 0.146 0.408 

 
 

4-1 Data Selection 

4-1-1 Detection Radius Analysis 
 
For each of the 13 candidate species, plots of the cumulative 
proportion of individuals observed against detection radius were 
developed (Appendix 1, Figure A1.1).  This allowed us to determine  
what detection radius was appropriate for each species.  It was 
desirable to maintain the detection radius as small as possible, 
without reducing the number of observations too much, so as to help 
ensure independence among stations, as not all stations were greater 
than 100 meters apart. The adjoining table summarizes the 
maximum detection radii (r) chosen. Only observations within the 
specified maximum radius were considered detections in the station 
level analysis. 
 

 
 

SPECIES r 
BCCH 50 
BOCH 50 
BRCR 50 
CLNU 100 
GCKI 50 
GRJA 50 
MOCH 50 
PIGR 100 
PISI 100 
PIWO 100 
RBNU 100 
RECR 50 
TTWO 100 
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4-1-2 Observation Codes 
 
For each observation, an activity code was recorded as an indication of the behaviour 
when observed. The frequency of each activity code, among all recorded observations, is 
given in Table 4-2. It was decided that observations recorded with only the “flying” 
activity would not be considered detections, as it would be impossible to determine the 
true habitat of an individual seen flying by. 

 

Table 4-2: Frequencies of recorded Activity codes, for all individuals observed. 

Activity N Proportion 
Calling 6 0.003 
Drum 18 0.011 
F (foraging/feeding) 201 0.118 
O (other) 166 0.097 
Perched 5 0.003 
Resting 3 0.002 
Song 4 0.002 
T (territorial defence/  sexual display) 6 0.004 
UK (Unknown) 675 0.3954 
Y (flying) 252 0.1476 
Miscellaneous 371 0.218 
TOTAL 1707 1.001* 

*Rounding error 
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4-1-3 Species Richness & Presence/Absence Data 
 

For each species, we determined the total number of detections per station, and coded 
these as presence/absence data. A species was considered present at a station where it had 
been detected at least once. Presence/Absence for RBNU is mapped in Figure 4-2.  We 
then defined species richness as the total number of distinct species detected at a station 
(Figure 4-3). 
 

 
 

Figure 4-2: RBNU detections at winter 2003 point-count stations. Total 
stream length per cell is coded light or dark green. 
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Figure 4-3:  Species richness at point counts stations in TFL 49, winter 2003. 
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4-2 Model Covariates 
 
Candidate covariates for the statistical analysis included sampling date and time, the 
original sample design covariates (Cluster and Treatment), and a measures of forest age 
structure, species composition and management history (habitat variables) at the recorded 
location of each station and in a neighbourhood surrounding each station. We obtained 
Station UTM coordinates referenced each station to the FEENIX 1ha grid. Habitat 
variables were derived from VRI attributes of the initial landscape. Only attributes that 
FEENIX can project in this application were considered: for example, we did not use 
stand density or measures of forest health.  Local habitat variables measure the structure 
of the 1ha cell linked to the station. Most neighbourhood habitat variables were derived 
by averaging VRI attributes over a 7x7 neighbourhood of cells surrounding, but not 
including, the station. Thus, the neighbourhood size was 48ha. For more information on 
this approach, see Vernier et al.7  The full set of candidate variables included: 
 
• Julian Date (jd):  Sampling date measured from 1st of January. 
• jd2: sampling data squared, to allow for non-linearity. 
• Cluster:  A five-level factor for habitat cluster at the station (3, 7, 16, 23 and other). 
• Treatment:  a factor for the treatment strata of the stations: 

Armillaria, Beetle, Clearcut, Deciduous, HighVolume, Landbase, LowVolume, 
Park, and Riparian 

• Time:  A two-level factor coding for sampling time:  AM or PM  
• L_SP1:  A factor for VRI leading species (SP1) at the station 
• L_SP2:  A factor for VRI second species (SP2) at the station  
• L_Zone: A 4-level factor for BEC zone at the station 
• L_Height:  VRI canopy height at the station 
• L_Age: VRI canopy age (PRJAGE) at the station 
• L_PctDec:  VRI canopy deciduous proportion at the station 
• L_NonPlCon:  Proportion of canopy composed of coniferous species other that Pine.  
• L_ABBA:  The canopy proportion of Balsam fir 
• L_CUT:  An index variable for recently harvested cells (<30yr). 
• L_Natural:  An index variable for cells in natural stands (AU < 200)  
• L_Park: An index variable for cells within a  protected area  
• N_StreamLength:  The length of  class 4, 5 & 6 streams within 150m of the station. 
• N_BigStreams:  The length of class 2 & 3 streams within 150m of the station 
• N_CUT:  The neighbourhood  proportion of recently harvested cells  
• N_OLD:  The neighbourhood proportion of  cells older than 140 yr 
• N_NonPlCon:  The proportion of the neighbouring forest that was not pine conifer 
• N_PctDec:  neighbourhood mean canopy deciduous composition 

                                                 
7 Vernier PR, Schmiegelow FKA, Cumming SG.  2002. Modeling Bird Abundance from Forest Inventory 
Data in the Boreal Mixedwood Forests of Canada.  Pages 559 – 571 in Predicting Species Occurrences. 
Island Press.  
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• N_ABBA:  neighbourhood mean canopy Balsam fir composition 
• N_MeanAge:  neighbourhood  mean cell age 
• N_MeanHeight: neighbourhood mean cell height 
• N_PNatural:  the proportion of natural cells in the neighbourhood 
 
Based on exploratory analysis, the neighbourhood size for the stream length covariates was set to 
9ha (3x3) rather than 48ha, and we distinguished streams by size class. Small streams (Classes 
4,5, and 6) and larger streams (Classes 2 and 3) are spatially stratified over the TFL, presumably 
by elevation (Figure 4-4). The two stream length covariates (N_StreamLength and 
N_BigStreams) were statistically independent over the landscape. Statistical summaries and 
histograms of the local and neighbourhood covariates are reported in Tables A1-2 through A1-8 
and Figure A1-2. We found no evidence that the design variables or geographic location were 
correlated with sampling date (Appendix A2). 
 
 
 
 

 

Figure 4-4 The distribution of stream classes 4, 5 and 6 
(N3Small) and classes 2 and 3 (N3Big), in TFL 49 



Winter Bird Habitat Scenarios - TFL 49. 
 

                         25                         
 

 

4-3 Statistical Methods 

4-3-1 Model Development 
 
We modelled individual species presence absence data by logistic regression using 
forward stepwise variable selection based on Akaiki’s Information Criterion (AIC). 
Repeated visits were treated as independent observations. We fit models using each of 
original design factors (Cluster and Treatment), to see how well each factor performed 
individually. We then evaluated several alternate models for each species using various 
subsets of the covariates. Model 1 forward selection allowed the full set of covariates 
listed in the previous section, and some additional covariates for neighbourhood species 
composition. Model 2 excluded Cluster and the extra neighbourhood variables. Model 3 
further excluded Treatment, L_Sp1 and L_Sp2. The purpose of these three models was 
determine if the Cluster and Treatment covariates were necessary, and to test the 
adequacy of increasingly parsimonious descriptions of local and neighbourhood forest 
species composition. In models where the factor L.Zone was selected, we substituted 
three index variables for zones IDF, MS and ESSF, and refit the model, retaining only 
those index variables that were significant.  This increased degrees of freedom and gave a 
clearer indication of which zone or zones had most affect on a particular species.   
 
We modeled species richness using a Poisson generalized linear model, using forward 
stepwise variable selection, as above. Preliminary analysis showed that sampling date and 
time were correlated with observed richness. For stations with replicated samples, we 
used data from the last date sampled.  

4-3-2 Model Diagnostics 
 
We used Receiver Operator Characteristic plots (ROC plots) to assess the goodness-of-fit 
of binomial presence/absence models. For a given p such that fitted probabilities larger 
than p are classified as detections (positives), one can compute the number of true and 
false positives (TP and FP) and the number of true and false negatives (TN and FN). 
Sensitivity is defined as the ratio TP/(TP+FN) or the proportion of positive observations 
correctly classified.  Specificity is defined as the ratio TN/(TN + FP). ROC plots are plots 
of sensitivity against 1-specificity for 0<p<1. The area under the curve (AUC) is a 
measure of a models ability to distinguish true presences from true absences. Models with 
an AUC between 0.65 and 0.75 are considered to be fair; between 0.75 and 0.92 are 
good; 0.92 to 0.97 very good; 0.97 to 1.00 excellent.8  To interpret these plots, it is 
important to recall that both high sensitivity and high specificity are desired, so 1-
specificity should be low. Thus, plots with a steep slope to the upper left hand corner are 

                                                 
8 Simon, S.  2003.  Children’s Mercy Hospital: ROC. www.children’s-mercy.org/stats/ask/roc.asp.  
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preferred.  AUC can be interpreted as the probability of a positive observation having a 
higher fitted value than a negative observation.     
 
For each presence/absence model, we found the value of  p that maximized the   
difference between sensitivity and 1-specificity. This corresponds to the point on the 
ROC plot furthest above a line through the origin with a slope of 1. This p is the critical 
prediction probability used to classify species presence/absence. A species is considered 
to be present on cells where the predicted detection probability is greater than the its 
critical value, and is considered to be absent otherwise.   
 

4-4 Results 
 
The factors for Treatment and Cluster were not adequate to explain the distributions of  
any species (Table 4-3).  The %Deviance explained by these models was above 10% only 
for RECR, BOCH and PISI.   
 
Models 1 and 2 were either identical or very similar for all species (Table 4-4). The 
differences between %Deviance explained and AUC were negligible for all species 
except possibly the PIGR. We concluded that Cluster and the additional compositional 
variables were superfluous. Differences between Models 2 and 3 were more pronounced  
for a few species, notably BRCR, MOCH and RECR.  We examined the RECR models in 
detail, and determined that Treatment accounted for almost all the change in model 
explained deviance, AIC and AUC (Table 4-4). Model 2 AIC increased from 157.8 to 
171.6 when Treatment was excluded, and %Deviance declined to 17.6% (less than for 
Model 3, AIC=161.7).  The most important levels of the factor were “Armillaria”, 
“Riparian”, and “High Volume” (%Dev =27.5, AUC=0.89, AIC=158.6). Accordingly, we 
tried to account for the effect of Treatment on RECR by forcing in the neighbourhood 
variables for stream length, and the variable L_Natural as a surrogate for the “High 
Volume” level. However, this did not improve upon Model 3. The difference between 
RECR Model 2 and 3 AIC was only 3.1, so the evidence favouring Model 2 is weak. As 
Model 3 AUC was also relatively high (0.89) we considered the model to be acceptable. 
Treatment also appeared to be significant in explaining species richness (RICH, Table 4-
4). However, the difference between Model 2 and 3 explained deviances was not large, 
and Model 3 residuals did not indicate overdispersion. 
 
Model 3 AUC scores were acceptable for all species except GCKI, GRJA and TTWO.  
Critical probabilities for these species (Table 4-5) result in a very high proportion of false 
positives (the species is incorrectly predicted to be present at stations where it was not 
observed).  Model 3 explained deviances for these species were less than 7% (Table 4-4).  
Notably, the Cluster and Treatment factors had no effect model fit for these three species. 
Models for these species were not included in the simulations. We concluded that the 
factors for Treatment and local leading and secondary species were not required to model 
the distributions of the remaining 10 species or species Richness. All final models are 
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summarised in Tables A1.9-A1.22 (Appendix 1). ROC plots for presence/absence models 
are shown in  Figures A1.3 – A1.15 (Appendix 1). 
 
 

Table 4-3: Deviance explained by the Treatment and Cluster covariates alone. 

Species Treatment: 
%Deviance 

Cluster: 
%Deviance 

BCCH 6.45 6.46 
BOCH 13.35 18.91 
BRCR 6.68 1.15 
CLNU 5.95 4.19 
GCKI 8.89 5.19 
GRJA 6.18 1.38 
MOCH 1.15 4.39 
PIGR 5.06 3.04 
PISI 10.95 5.87 
PIWO 7.19 8.27 
RBNU 6.77 3.90 
RECR 16.88 9.92 
TTWO 7.51 1.71 

 
 

Table 4-4:  Summary of Explained deviance and AUC for each Species and Different 
Models Developed 

Explained Deviance AUC Species 
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 

BCCH 13.45 13.45 12.41 0.7844 0.7844 0.7668 
BOCH 24.78 24.78 24.78 0.8868 0.8868 0.8868 
BRCR 16.67 16.67 11.25 0.7985 0.7985 0.7451 
CLNU 14.61 13.08 12.19 0.7909 0.7799 0.7707 
GCKI 6.79 6.79 6.79 0.6816 0.6816 0.6816 
GRJA 3.41 3.41 3.41 0.6352 0.6352 0.6352 
MOCH 12.82 12.82 9.67 0.7657 0.7657 0.7359 
PIGR 18.30 14.46 14.46 0.8121 0.7954 0.7954 
PISI 54.68 54.68 54.68 0.9689 0.9689 0.9689 
PIWO 19.06 19.06 19.06 0.8671 0.8671 0.8671 
RBNU 19.47 19.47 18.89 0.7942 0.7942 0.7878 
RECR 42.59 42.59 23.84 0.9556 0.9556 0.8896 
TTWO 5.65 5.65 5.65 0.6960 0.6960 0.6960 
RICH 18.77 18.77 15.96 NA NA NA 

(AUC is not defined for Poisson GLMs used to model species richness). 
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Table 4-5:  Critical Predicted Detection Probabilities for each Species 

 
Species 1-Specificity 

FALSE POSITIVE 
Sensitivity 

TRUE POSITIVE 
Critical  
Value 

AUC 

BCCH 0.383 0.784 0.0347 0.767 
BOCH 0.303 1 0.0216 0.887 
BRCR 0.427 0.815 0.0565 0.745 
CLNU 0.306 0.725 0.0570 0.771 
GCKI 0.566 1 0.0046 0.682 
GRJA 0.626 0.862 0.0274 0.635 
MOCH 0.247 0.593 0.0860 0.736 
PIGR 0.173 0.677 0.0541 0.795 
PISI 0.062 0.895 0.0411 0.969 
PIWO 0.218 0.882 0.0268 0.867 
RBNU 0.230 0.665 0.3130 0.788 
RECR 0.206 0.850 0.0385 0.890 
TTWO 0.640 0.962 0.0167 0.696 

 
 
For most of the 10 models used in the simulations, at the critical probability p, the  
proportion of false absences predicted by the fitted model (1-Specificity) was less than 
0.3 (Table 4-5). Sensitivity was higher than 0.7 for all species except RBNU, MOCH and 
PIGR, and exceeded 0.59 in all cases.  Given that the models are accepted, future 
landscapes can be mapped as binary “presence/absence” maps, distinguishing regions 
where a species is likely absent from those where it is likely to be present. Most critical 
values were between the median and 75th %-ile of the fitted detection probabilities at 
stations where the species was detected. We adopted the 75th %-ile of fitted species 
richness (1.09) as the critical value for classifying landscapes into low and high richness. 
These classified maps facilitate comparisons between species and scenarios. 
 

4-4-1 Model Covariates  
Jd entered 8 out of 13 final models.  N.NonPlCon and N.ABBA each entered  7/13 
models.  N.PctDec, jd2, Time and L.CUT entered 5/13 models.  The remaining 16 
covariates  entered fewer than 5 models. At least one neighbourhood compositional 
variable entered in all models except MOCH.  N.StreamLength and N.BigStreams only 
entered 3 and 2 models respectively, and always with negative coefficients. Notably, the 
coefficient for Time was negative in all models where the variable entered, indicating that 
afternoon sampling is not optimal for some species. The odds ratios of AM detections for 
RBNU, PIGR, MOCH and PISI were 1.5, 1.9, 2.1 and 7.0, respectively. Mean observed  
species richness in AM samples was 1.4 times higher than in PM samples. 
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4-5 FEENIX Implementation 
 
Predicting species detection probabilities and species richness from the final models 
required only the following attributes: cell age, height, species composition, management 
history, AU, BEC zone, and local stream density. Cell heights were obtained from the 
interpolated height-age curves associated with the appropriate AU. Species compositions 
for natural stands were obtained from the initial VRI attributes. For regenerated stands, 
species compositions were taken from the auxiliary tables of mean AU primary and 
secondary species and mean deciduous composition, at rotation age. Local stream 
densities were computed from the gridded stream coverage at model initialisation.  

4-5-1 Determining the optimal sampling date & time 
Sampling date (jd, jd2 or both) entered in most of the selected models. FEENIX 
predictions for these models assumed “optimal” sampling dates (Table 4-6) that were 
determined from the model coefficients. The functional responses are shown in Figure 
A1.17, with a brief description of the derivation of the optimal sampling dates. For 
models where sampling time entered, predictions assumed the most favourable time of 
day (always AM for these models). 
 

Table 4-6:  Optimal sampling dates assumed for predicting detection probabilities and 
species richness during FEENIX simulations. 

Species OPTIMAL 
 SAMPLING DATE 

BCCH 21.0 
BOCH 53.5 
BRCR NA 
CLNU 45.9 
MOCH 43.2 
PIGR 39.2 
PISI 54.0 
PIWO 15.0 
RBNU 38.8 
RECR 37.9 
RICH 38.5 

*NA indicates that date was not a covariate in the model 
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5 Scenarios  
 
We developed four main scenarios that contrast alternate cluster retention criteria and 
forest management options concerning the allocation of streamside riparian buffer areas 
and regeneration strategies. 
 
Scenario S1 is the base scenario. Cluster reserves are constructed maximizing the join 
measure of age, connectivity and size. Landbase determination, harvesting and 
regeneration represent our best approximation of MP4v4. 
 
Scenario S2 explores a result of  Maxcy et al. (2003)9 who found that riparian and upland 
sites within Cluster 16 did not have significant structural differences. As regards habitat 
protection, these streamside buffers may be unnecessary. In S2, all stream buffers with 
Cluster 16 on the Free or unconstrained landbase were netted back in. An equivalent area 
(886 ha) of Cluster 16 was then established as Cluster Reserves on the Free landbase. In 
S2 and all other scenarios, Cluster Reserves were constructed to maximise predicted 
avian species richness within the reserves, using the valuation function described in 
Section Clusters. An alternate Scenario S1C1 simply contrasted the effect of the two 
valuation functions on the distribution of Cluster Reserves. 
 
Scenario S3: Many of the bird presence/absence models, and the species richness model, 
were positively influenced by the local or neighbouring abundance of Balsam fir or other  
non-pine coniferous species. There was some indication that  the positive effect of 
Balsam fir might be strongest within the ESSF, as the index variable for that zone entered 
negatively for many of these models. The implication is that aggressive regeneration of 
natural and existing managed stands to Pine may negatively effect the future abundance 
of diversity of wintering bird species within the harvested landbase. Scenario S3 
evaluated an alternate set of regeneration rules. Natural and existing managed stands in 
Clusters 7,16 and 23, with an AU leading species other than Pl, were regenerated post-
harvest to the closest corresponding 200-series AU. The intent of these rules was to 
increase the abundance of semi-natural stands of Balsam fir and other conifer types on 
the future managed landbase, relative to S1 and S2. The alternate regeneration rules 
applied to 38.2% (14,783ha) of Cluster 7, 26.6% (11,223ha) of Cluster 16 and 48.3% 
(12,475ha) of Cluster 23 on THLB. The total area affected was 38,480ha or roughly 30% 
of THLB. 
 
Scenario S4 is simply a combination of S2 and S3. 
 
In addition to the four main scenarios, we explored some more extreme variants, as 
follows. 

                                                 
9 K. Maxcy, R. Serrouya and J. Herbers. 2003. Assessing Structural Attributes in Riparian and Upland 
Habitat on TFL 49. Dated March 31 2003. Authors in association with Dobson Engineering Ltd. 



Winter Bird Habitat Scenarios - TFL 49. 
 

                         31                         
 

Scenario S5: All streamside buffers on the unconstrained landbase were deleted, and 
substituted with equivalent areas of cluster reserves. The total area of additional reserves 
was 2,218ha, distributed predominantly within Clusters 23, 7, 9 and 17. 
 
Scenario S6 combined S5 and S3. 
 
Scenario S7: As Scenario S1, but with no stand conversion. All harvested cells area 
regenerated to their pre-harvest AU. 
 

5-1 Indicators 
The outcomes of the alternate scenarios were compared using four classes of indicators. 
The first class measured the spatial distribution of cluster reserves, and the amount of 
area that was withdrawn from THLB in order to establish them. As economic indicators, 
we report  

1. periodic harvest volumes, in total and by strata;  
2. premium product volumes (PPVol) as a proportion of total harvest and  the 

absolute volumes by species, as determined by the cell leading species at 
harvest rather than AU leading species; 

3. yields, or mean harvested volume/ha 
 
As indicators of forest structure, we report 

1. Total harvestable volume, by strata, calculated as the total net standing 
volume of all cells above minimum harvest age for their assigned AU; 

2. Forest species composition as the proportional area of  leading and 
secondary species, with end-state maps of leading species distributions. 

 
As biodiversity indicators, we report 

1. Mean species richness and the mean predicted abundances for individual 
bird species on the entire landscape and the unconstrained landscape; 

2. The proportional area where predicted detection probabilities, or species 
richness are above the critical thresholds defined in Table 4-5, of the total 
and the unconstrained landbase; 

3. Maps of predicted species presence/absence and species richness at the 
end of each 200yr scenario. 

We report values for the unconstrained landbase separately to distinguish the relative 
contributions of protected areas, the lightly constrained and the unconstrained landbases 
towards maintaining biodiversity in the future managed forest. 
 
The proportional neighbourhood area of unmanaged forest (cells with AU < 200) entered 
positively in several of the models, indicating a negative effect of harvesting independent 
of stand age or species composition. This entails predicted declines in richness or 
detection probability throughout THLB. To evaluate the sensitivity of our predictions to 
this result, we reran some scenarios  in which  any AU < 300 was considered “natural”. 
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6 Results 

6-1 Cluster Reserves    
 
140,000ha in TFL 49 had an assigned habitat cluster. The retention objectives required 
16,900ha or 12.1% of this total. Under Scenario S1, with Structure-based reserve design, 
the non-harvestable landbase satisfied 68.5% of the retention area requirement. The 
partially, lightly and unconstrained components of THLB contributed 8.9%, 17% and 
5.6%, respectively. The total area withdrawn from these three landbases was 1,510ha, 
2,880ha and 940ha, respectively. The most significant withdrawals were: 1,700ha of 
Cluster 16, 550ha of Cluster 23 and 520ha of Cluster 9 from the Lightly constrained 
landbase; and 530ha of Cluster 23 from the unconstrained landbase. Retention objectives 
may have little effect on long run timber supply. 
 
Table 6-1 summarises Cluster Reserve area requirements and initial species richness 
indicators under the four scenarios contrasting in this respect. Scenarios S1 and S1C1 
(Richness-based reserve design) had essentially identical area requirements, but S1C1 
produced reserves with higher species richness, and allocated a significantly higher 
proportion of  available high-richness areas to the reserve system (6.0% vs 3.8%). 
Although the richness of both systems declined over the (identical) 200yr harvesting 
simulation due to changes in the surrounding managed forest matrix, S1C1 retained 
higher richness value than S1.   
 
The four alternate reserve designs are shown in Figure 6-1. The effect of relaxing the 
adjacency criteria is evident when comparing S1 and S1C1: the latter does not 
concentrate reserve elements on the periphery of the large central protected area. 
Although S2 and S5 allocate additional reserves using the Richness criteria alone, the 
spatial distribution of reserve areas is relatively well structured, especially under S5. 
Stream buffers can effectively be exchanged for compact reserve areas of potentially 
higher conservation value. 
 

Table 6-1 Area requirements and Richness value of the Cluster Reserves under the four contrasting 
scenarios for these attributes. Area Withdrawn is expressed as a percentage area of the Partially, 
Lightly and Unconstrained landbases that were allocated to the reserves areas.  Richness Value is 
expressed as the mean predicted species richness within the reserves at time t=0 (Rm), the proportion 
of the reserve area where predicted richness exceeds the critical value of 0.79 (Rc), and the 
proportion of all such areas in the landscape that are contained within the reserves. 

 Area Withdrawn Richness Value 
 Partial  Light Free Rm Rc p(Rc) 
S1 0.353 0.123 0.009 1.08 0.41 0.038 
S1C1 0.347 0.119 0.009 1.39 0.67 0.060 
S2 0.347 0.119 0.019 1.54 0.72 0.076 
S5 0.373 0.124 0.040 1.36 0.64 0.093 
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Figure 6-1Spatial distribution of cluster reserves under the four contrasting scenarios. 
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6-2 Economic Indicators  
Target harvest levels to year 35 were met in all of the four main scenarios (Figure 6-2a). 
The magnitude and duration of the subsequent falldown differed between scenarios. 
Mean harvest levels declined by 6.7% for 20yr in S1, 5.9% for 21yr in S2, 6.8% for 26yr 
in S3 and 6.5% for 26yr in S4. S2 was least severe (deficit exceeded 5% for 10yr with 
mean 7.5%). S4 was most severe (deficit exceeded 5% for 15yr with mean 9.4%).  
The maximum long run harvest of 410,000 m3 was easily met in all scenarios. 
Simulations where this limit was relaxed indicate that the LRSY, after year 55, is 
approximately 450,000 m3 . The observed falldown could not be prevented by any 
modifications to the harvest scheduling parameters explored. The parameters used in 
these simulations minimised simulated falldowns relative to other combinations that were 
tested. This result is consistent with the projections reported in the Olympic Resource 
Management report of 2000. 
 
As expected, there are limited timber supply implications of exchanging larger areas of 
riparian buffers for cluster retention areas (Figure 6-2d, S5 and S6). However, S7 
illustrates the necessity of improving yields in managed stands in order to prevent marked 
declines in harvest levels after 35yr. 
 
Mean yields/ha declined steadily over the first few decades in all scenarios (Figure 6-2b), 
with some fluctuations during the “falldown period”, and then increased as harvesting 
effort witched to regenerated managed stands. Yields were higher under S3 and S4. This 
is attributed to the restricted regeneration assumptions under these scenarios. Areas 
reforested to the existing managed stand yield curves (AUs between 200 and 300) 
generally have relatively longer rotation ages, but significantly higher volumes at 
rotation, than their analogous in the 300 series future managed stands. 
 
The proportion of premium product volumes exceeded 30% in all periods under all four 
main scenarios (Figure 6-2c). PPVol below 35% occurred only for part of the falldown 
period, and only under scenarios S1 and S2. Long run values of PPVol were highest 
under S3 and S4, again attributable to the higher yields from stands regenerated to 200-
series AUs. The species profiles of annual premium product volumes were more balanced 
under S4 than S1, the two scenarios contrasting most in this respect (Figure 6-3). 200yr 
means for Fd were 19,900 m3 under S1 and 21,400 m3 under S4. Values for Sx were 
24,000 m3 under S1 and 31,100 m3 under S4. 
 
We examined the potential contribution of deciduous netdown areas to the AAC under 
S1. There were 1196ha of deciduous forest netdowns restored to THLB, but their 
contribution to the AAC was negligible, usually less than 200m3. The coniferous volume 
component in these stands was mostly very low, according to the yield tables. 
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Figure 6-2 Total annual cut (a) mean volume density (b) and proportion of premium product volume 
(PPVol, c) under Scenarios S1, S2, S3 and S4.  Total harvest volumes under S1 compared with the 
alternate scenarios S5, S6 and S7 (d). 
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Figure 6-3 Harvested Premium Product Volumes,  by tree species,  for Scenarios S1 and S4. 

 
 

6-3 Structural Indicators 
 
Total harvestable volumes by species shows that the dominance of pine on the TFL is 
lower under scenario S4 than S1 (Figure 6-5). The increasing standing volume of pine 
under S1 is due to the upper limit on AAC imposed on these scenarios, which results in 
regenerating stands being harvested beyond rotation age. Under S1 with no upper limit on 
harvest levels, merchantable volume of Pl stabilizes at approximately 4.5 million m3. 
Notably, the harvestable volume on the Light and Partly constrained strata increases over 
the simulations. This indicates that the simulated harvesting constraints on these strata are 
too severe, and that larger volumes might be harvestable from these strata. 
 
The species distribution on the TFL is more “natural” under S4 than S1 (Figure 6-4), as 
expected from the restricted regeneration rules under S4 that minimise the conversion of 
Fd, Sx, and Bl stands to leading Pl. The differences between the end-state species 
compositions are most pronounced in the ESSF. The relative dominance of Pl is lower 
under S4 than under S1 (Figure 6-6), and areas of leading Spruce and Balsam fir stands 
do not decline over the simulation runs. The two scenarios do not differ markedly with 
respect to the distribution of secondary species, except that stands were the secondary 
species is Pine are uncommon under S1. 
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Figure 6-5 Total harvestable volume in cells above minimum harvest age, by strata, for Scenarios S1 and S4 

Figure 6-4  Distribution of cell leading species at the end of scenarios S1 and S4. 
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Figure 6-6 Distributions of cell leading species (Sp1) and secondary species (Sp2) as proportion of total 
area of TFL 49, under scenarios S1 and S3. 
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6-4 Biodiversity Indicators 

6-4-1 Base Scenario: S1 
The landscape mean prediction probabilities and the area of predicted presences 
increased for three of the ten species modelled (BCCH, PISI and CLNU, Figure 6-7a). 
For four of ten species (BRCR, MOCH, RBNU and RECR) the area of predicted 
presences declined markedly (Figure 6-7b). The area of high predicted species richness 
also declined markedly over the simulation (Figure 6-7b). These changes reflect changes 
in mean detection probabilities on the unconstrained landbase, that is, outside of 
protected areas, ungulate or visual quality management zones or Cluster Reserves (Figure 
6-7c,d). The areas of predicted presences at the beginning and end of the simulation are 
mapped for all species (except PIGR) in Figures 6-8 through 6-16. PIGR was omitted due 
to some unresolved questions concerning the models implementation in FEENIX. 
 
The BRCR and RBNU are most affected by changes on the unconstrained landbase. The 
mean predicted detection probability for BRCR approaches 0 outside of protected areas. 
At the end of the simulation, the proportions of the unconstrained landbase where BRCR 
and RBNU are predicted to be present are only 0.2% and 0.3%, respectively. The Cluster 
Reserves did maintain favourable habitat for both these species, and contributed 9% of 
the total area of predicted presences at the end of the simulation. The response of the 
RECR was similar to that of the BRCR and RBNU.  
 
The species perhaps least affected by the harvesting scenario was BOCH. The total area 
of detected presences for this species,  and their proportional allocation within the 
constrained and unconstrained landbases and Cluster Reserves, were almost constant over 
the simulation. However, the spatial distribution of predicted presences within the 
unconstrained landbase did change over time,  in inverse relationship to the spatial 
distribution of young regenerating stands within the MS and ESSF BEC zones. 
 
The distribution of areas with high predicted species richness largely followed the 
patterns of the BRCR and RBNU (Figure 6-17). The proportional area of high richness 
on the unconstrained landbase declined from 31% to 0.8% over the simulation. 
 
The factors that apparently contributed most to the decreasing predicted abundances of 
BRCR, RBNU, RECE and MOCH were the regeneration of natural Balsam fir stands to 
pine or other species, especially in the ESSF; the overall increase in the abundance of 
leading pine stands throughout THLB (Figure 4-6), and the conversion of THLB from 
existing natural stands to a fully managed condition (“future managed stands”, with AUs 
> 300).  
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Figure 6-7:  Time series over scenario S1 of the proportional area of TFL-49 with 
predicted presences for (A) three species showing a permanent or transient positive 
response; and (B) four species (and the area of high predicted richness) having a marked 
negative response. Time series over S1 of the mean predicted detection probabilities on 
the unconstrained landbase for the three species with a positive response (C) and the four 
species with a negative response (D). The regional trends in panels A and B are mostly a 
consequence of changes on the unconstrained landbase (C and D). 
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Figure 6-8: Predicted presences (green) and absences (beige) of BCCH over Scenario S1. 

 
 
 

 
Figure 6-9: Predicted presences (green) and absences (beige) of BOCH over Scenario S1.  
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Figure 6-10: Predicted presences (green) and absences (beige) of BRCR over  S1. 
 
 

  
Figure 6-11: Predicted presences (green) and absences (beige) of CLNU over S1.  
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Figure 6-12: Predicted presences (green) and absences (beige) of MOCH over S1. 
 
 

  
 
Figure 6-13: Predicted presences (green) and absences (beige) of PISI over Scenario S1. 
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Figure 6-14 Predicted presences (green) and absences (beige) of PIWO over Scenario S1. 
 
 
 

 
Figure 6-15:  Predicted presences (green) and absences (beige) of RBNU over S1. 
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Figure 6-16:  Predicted presences (green) and absences (beige) of RECR over S1. 
 
 

  
Figure 6-17:  Predicted distributions of areas with high species richness (green) at the 
start and end of Scenario S1. 
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6-4-2 Positive Responses and Height-Age Effects 
The two species having a clear positive response to S1 (BCCH and PISI) both included 
covariates for local age and canopy height. For PISI, the coefficients for age and height 
were  -0.047 and 0.035, respectively (values for BCCH were similar, so we consider only 
PISI here.) Because there is a maximum height (c. 35m) but no maximum age, predicted 
detection probabilities are a unimodal function of age (assuming height is monotone non-
decreasing in age which is the case here). Other factors being equal, the detection 
probability in any cell will be greatest at some intermediate age. The functional response 
depends on the height age relationship, which in these simulations, depends entirely on 
the cells assigned AU or yield curve (these reflect species, stocking and estimated SI). 
These relationships are different for natural and future managed stands. Over natural 
AUs, the mean height and age at minimum harvest age are 19.0m and 93.5yr. For future 
managed stands, these means are 21.8m and 72.9yr. Figure 6-18 illustrates the 
consequences for the PISI model as the unconstrained landbase (e.g. AU 69) is converted 
to future managed yield classes (e.g. AU 344). The critical probability for PISI is 0.041, 
and the rotation age for AU 344 is about 70yr so, in a regulated forest, PISI presence 
would be predicted in at least 35% of AU 344, which will dominate the MS BEC zone. 
The predicted increases in PISI and BCCH distributions under S1 should be regarded 
with scepticism until the species responses to forest age and height are better quantified. 
 
 

 
 

Figure 6-18. Predicted PISI detection probabilities as a function of cell age (and height) 
for an abundant natural stand type (AU 69) and its MP4v4 regeneration target (AU 344). 
The cell is assumed be located within a large patch of the same AU.  
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6-4-3 Comparisons between Scenarios 1-4 
 
Here, we contrast the effectiveness of the thee main alternate scenarios at improving the 
levels of the most sensitive indicators of biodiversity identified in the previous section: 
the areas of predicted presence for BRCR, MOCH, RBNU and RECR, and the area of 
high predicted species richness (RICH). We also consider the spatial distribution of these 
areas, and their allocation as between the unconstrained and constrained landbases, and 
Cluster Reserves.  
 
None of the 3 main alternate scenarios significantly increased the area of predicted 
BRCR detections within the entire TFL or the Unconstrained landbase relative to S1 
(Figure 6-21). Only the most extreme scenario (S7) maintained indicators for this species 
close to estimated levels on the present landscape. 
 
The area of detected MOCH presences on the unconstrained landbase after 200 years of 
simulated harvesting was twice as high under S3 and S4 than under S1 or S2 (Figure 6-19 
6-22). The additional area of Cluster Reserves under S2 and S4 relative to S1, and the 
differing design criteria (Richness vs. Structural based) had little effect on the mean 
detection probability or total area of predicted presences over the TFL as a whole. The  
increased predicted presences on THLB under S3 and S4 is due to the alternate 
regeneration rules which maintain more areas of Douglas Fir, Englemann Spruce and 
Balsam Fir in the MS and IDF, relative to S1 and S2. The MOCH presently has a low 
detection probability throughout the ESSF (Figure 6-12). S5 and S6 did not significantly 
increase the MOCH indicators. 
 
Under scenario S4, the total area of predicted RBNU detections after 200yr increased 
slightly compared to all other scenarios (Figure 6-19). Predicted detections occurred on 
13.7% of TFL-49 under S4, compared to 12.8% under S1. The area of predicted 
detections on the Unconstrained landbase was 0.3% under S1, and 0.6% under S4, 
corresponding to total area of nearly 300ha (Table 2-1). This increase seems rather small, 
but notably the area seems to be distributed as a small number of discrete patches in the 
central portion of the main part of the TFL (Figure 6-23 S4). This could increase their 
habitat value for RBNU out of proportion to the total size, if, as a result,  the species were 
distributed more broadly across the TFL in winter. The positive effect of S4 on RBNU 
was greater than either S2 or S3 alone. 
 
Under S4 and S3, the total area of predicted RECR detections on the Unconstrained 
landbase increased by 5% (Figure 6-19). The proportional increase over the entire TFL 
was approximately the same. The alternate regeneration rules (S3) had apparently more 
impact on the distribution of this species than did the increased area of Cluster Reserves 
(S2). This species is only predicted to occur in the IDF or in MS where neighbourhood 
abundances of non-pine conifer are high (Figure 6-16). Although the absolute increase in 
area under S4 and S3 was minor, the initial geographic distribution of good RECR habitat 
was maintained (Figure 6-24) which was not the case under S1 or S2. 
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Figure 6-19:  MOCH & RECR: The proportional area of the unconstrained landbase 
where the species are predicted to be present. RBNU: the proportional area of TFL-49 
where the species is predicted to be present. RICH: the proportional area of TFL-49 of 
high predicted species richness. All graphs contrast their respective indicators over the 
course of the four main alternate scenarios.    
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Figure 6-20:  The relative allocation p[Rc] of areas with high predicted species richness 
between the Constrained landbase, Cluster Reserves, and the Unconstrained (Free) 
landbase under scenarios S1 and S4. Note that the total area of high species richness is 
not constant over time in either scenario, and differs between scenarios. 
 
Under S4, the total area of high predicted species richness after 200yr increased by 2.4% 
relative to S1 (Figure 6-19). This corresponds to an absolute area of several thousand ha. 
Increases under S2 and S3 were intermediate. The combination of retained natural forest 
composition (S3) and higher abundances of species rich reserve areas (S2) had most 
effect on this indicator. The abundance of species rich area on the Unconstrained 
landbase increased by approximately 884ha relative to S1. Residual areas of high 
predicted richness were compact and well distributed throughout most of the TFL under 
S4 and nearly as well under S2 (Figure 6-25).  
 
Under S1, the final distribution of high richness areas was largely (90%) confined to the 
Constrained landbase (Figure 6-20). Under S4, the Constrained landbase accounted for 
80% of species rich areas. The remaining 10% was found in both Cluster Reserves and 
the Unconstrained landbase.  The alternate management scenarios substantially reduce 
the reliance on geographically restricted and unrepresentative regions such as protected 
areas and increase the contribution from THLB towards maintaining biodiversity 
objectives across the TFL (note that a substantial proportion of Cluster Reserves under S2 
and S4 were withdrawn from THLB and were not initially protected or highly 
constrained areas).  
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Figure 6-21:  The distribution of predicted BRCR presence at the end of S1,2,3&4. 
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Figure 6-22:  The distribution of predicted MOCH presence at the end of S1,2,3&4. 
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Figure 6-23:  The distribution of predicted RBNU presence at the end of S1,2,3&4. 
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Figure 6-24:  The distribution of predicted RECR presence at the end of S1,2,3&4. 
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Figure 6-25:  Areas of high predicted species richness at the end of S1,2,3&4. 
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6-4-4 Natural vs. Managed Stands 
 

Figure 6-26 Predicted distribution of BRCR and area of high species Richness at the end of scenario 
S4, given the assumption that all AUs below the 300 series are equivalent to “natural” stands. 

 
The impact of alternate regeneration rules on the predicted detections of BRCR and 
RBNU, and on species richness was less than first expected. This was because the local 
or neighbourhood variables for natural stands (AU < 200) entered positively in these 
models (and in no others). To explore the sensitivity of the scenarios results to this 
covariate, we reran simulations in which all stands with AU < 300 were considered 
“natural”. Thus, under S3 (and S4) the alternate regeneration rules applied to parts of 
Clusters 7, 16 and 23 would produce natural stands. The results for BRCR and RICH are 
shown in Figure 6-26. The distinction between natural, managed and future managed 
stands has a significant effect on the predicted future distributions of BRCR and RBNU 
and on the abundance of species rich forest. Modifying the definition of “natural” 
dramatically increases the levels of these and related indicators under S3 and S4 (contrast 
Figures 6-26,25,21,17 and 10).  
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7 Discussion and Recommendations 
 

7-1 Winter Bird Models 
 
We were able to develop acceptable Binomial Generalised Linear Models of the 
presence/absence (strictly, of detection or non-detection) for 10 species of winter resident 
forest birds using point count data collected within TFL 49 during January and February 
of 2003. Although many more species were detected during the sampling, most were 
either too rare, or had high between-stand variances such that assumptions of statistical 
independence were clearly violated (e.g. by WWCR flocking behaviour). The models 
were judged acceptable based on Receiver Operating Characteristic (ROC) plots derived 
from the fitted models and the observations. ROC plots are a widely used criteria for 
assessing the adequacy of logistic regression models of binary data. From these curves, 
we established species-specific thresholds to classify predicted detection probabilities as 
either presences or absences. We also developed a Poisson regression model of species 
richness, or the number of distinct species detected at each station. The explanatory 
power of the model was low (18%), but we concluded that it was a potentially useful 
summary of  aggregate species responses.  
 
We modelled the data using covariates for forest age, height, species composition and 
management history, at two spatial scales: 1ha local cells, corresponding to a 50m fixed-
radius point count survey, and a 49ha neighbourhood surrounding each station.  
Neighbourhood variables entered significantly in most of the models. We did not 
determine the optimal neighbourhood size: we have used 81ha neighbourhoods in similar 
applications, but at a 1ha model resolution, neighbourhoods larger than 49ha were 
computationally intractable given the time-constraints on this study.  
 
The models should be interpreted as predicting the results of standardised sampling 
protocols (e.g. a 5 minute fixed radius point count survey) conducted at the most 
favourable date during the months of January or February and at the most favourable time 
of day. They are not, strictly speaking, models of actual bird distributions, because we did 
not consider species and habitat-specific variation in detectability.  
 

7-1-1 Methodological Implications of the Models 
 

7-1-1-1 Sampling date and time 
We found that detection probabilities for many species were significantly related to 
sampling date. For most species, especially those where the covariates for Julian date had 
the highest significance levels, detection probabilities were markedly higher in early to 
late February, compared to January. As daily sampling effort was approximately uniform 
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over the period January 10th to February 25th, 1/3 of this effort took place when detection 
probabilities for most species were low. We can not rule out confounding effects of 
temperature, the effects were not the same for all species, and the relationship between 
species abundance and calendar date may vary between years. However,  we recommend 
that the issue be explored further prior to additional winter sampling in the TFL. 
Detection probabilities were also correlated with the time of sampling. Four species were 
more likely to be detected during morning surveys than in the afternoon. No species were 
more likely to be detected during afternoon surveys. It follows that afternoon surveys are 
relatively inefficient. 
 

7-1-1-2 The effect of Cluster and Treatment 
We found that models restricted to our selected covariates for forest age, height and 
composition fit the data as well, or nearly as well, as models that could include habitat 
Cluster as a factor. This means that Cluster explains little or no residual variation in the 
observed distribution of bird species after the effects of forest structure and BEC zone are 
accounted for. Clusters are fixed spatial entities, but forest structure changes naturally 
over time, and through forest management. Therefore, habitat Clusters may not be 
reliable surrogates for projecting some aspects of biodiversity of importance to coarse 
filter management strategies, namely habitat quality for winter resident forest birds. 
 
The Treatment factor did result in significantly better models for some species. The 
relevant factor appeared to be related to forest health, specifically to root rot infestations. 
We had no confidence in our ability to project the future distribution and abundance of 
Armillaria infestations, so we did not incorporate Treatment in any of the models used for 
simulation.  
 

7-1-1-3 Species composition and AU attributes 
Most models included one or more covariate for local or neighbourhood species 
composition. The VRI proportions of Deciduous species, Balsam fir and Pine within the 
dominant canopy layer were all important. These attributes could not be projected with 
accuracy because multi-species yield curves were not available. Therefore, we used the 
AU mean species compositions. However, the relative species compositions of mixed 
species stands changes over time, sometimes markedly---our projections failed to account 
for these dynamics. We can not say what effect this may have had on the results without 
conducting further simulation experiments using hypothetical or estimated mixed species 
yield curves.  
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7-1-2 Key Model Uncertainties 
 

7-1-2-1 Effect of stand age and canopy height  
Several models included a positive coefficient for local or neighbourhood canopy height 
and a negative coefficient for local or neighbourhood age. It is not clear if this represents 
a real joint dependency on both age and height, or a unimodal (e.g. quadratic) response to 
age alone. Some species are known to prefer forest habitat of intermediate age (e.g. close 
to rotation age) over young regenerating or over-mature stands. The more ultimate factors 
are presumably characteristics such as crown closure, foliage profiles or the structure and 
composition of the understory or forest floor vegetation, which could be modelled by 
canopy age and height jointly. However, they might be better described by a non-linear 
function of age as such, or by direct indices of basal area or stand density. We showed in 
Section 6-4-2 that the scenario analysis is very sensitive to changing height-age relations 
in future managed stands. Additional statistical analysis of the existing data may help 
elucidate the actual relations, or at least clarify what additional field sampling might be 
necessary. The stand projects for future managed stands should then be carefully 
reviewed to ascertain if the ecologically relevant structural features will actually be 
created earlier or more effectively than in natural stands. 
 
Natural vs. Managed Stands. 
Several models included a local or neighbourhood covariate for natural stands, that is, 
stands with an AU < 200. This covariate always entered positively. Thus, other factors 
being equal, predicted species detection probability or predicted species richness will be 
lower in the future managed forest. We showed in Section 6-4-4 that the results of the 
Scenario analysis are very sensitive to this covariate. However, the effect could be 
confounded by stand age or other factors. There are few areas of existing managed stands 
older than 30yr, and almost no examples of future managed stands above 20yr. It is 
therefore not possible to say if the winter bird habitat quality of these stands will be less 
than that natural stands, or whether the difference (if any) will depend on stand age. 
Again, further analysis of the existing data is indicated. There may be enough contrast on 
the existing landscape to design a controlled study to contrast existing and future 
managed stands. Depending on the results, long-term monitoring or management 
experiments may be indicated. 
 

7-2 Cluster Retention 
 
Our simulations show that the specified retention levels for cluster reserves can be 
accommodated with minimal on timber supply, at least for the first 35 years. However, 
the alternate design criteria we evaluated, and the results of the bird habitat modelling, 
demonstrate that there are tradeoffs between the longer term timber supply consequences 
(Figure 6-2) and the biodiversity value of the reserve network. Reserves designed to 
maximize predicted species richness target different forest types than do reserves 
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optimized for age structure and connectivity. We recognise that the Cluster Reserves are 
intended to fulfill coarse-filter management objectives, and are not necessarily dedicated 
to a particular taxon or community. However, given that the habitat quality of the 
Reserves depends on forest age structure, species composition, and (probably) on the 
structure of the surrounding managed forest matrix, their contribution to biodiversity will 
vary over time, and will depend on the initial selection criteria.  The intended function of 
these reserve areas could perhaps be more clearly articulated. We recommend that their 
establishment be accompanied by a long-term monitoring programme.  
 

7-3 Forest Management Implications 

7-3-1 Regeneration Plans 
 
The analysis of the winter bird data clearly show that detection probabilities for many 
species increase as the local or neighbourhood proportion of  tree species other than 
Lodgepole pine increases. The importance of deciduous species was not unexpected, and 
the importance of non-pine conifer is unsurprising also. Pine forests are well known to 
relatively depauperate of vertebrate fauna. However, the importance of Balsam fir, 
especially within the ESSF zone, was striking. Local or neighbourhood  densities of 
Balsam fir entered in 8/11 of the models used in the scenario analysis. Of these, it entered 
negatively for only two species, BCCH and PIWO: these species are excluded at even 
quite low densities of Balsam fir. The models show that forest species composition, and 
the distribution and abundance of Balsam fir in particular, have a substantial influence on 
the observed distribution of winter resident forest birds. Despite the model uncertainties 
mentioned above, and notwithstanding that the winter bird survey was not designed to 
test for these specific factors, we are confident that these results are substantially 
accurate. It follows, as the scenario analyses showed, that the large scale conversion of 
natural stands to pine-dominated managed stands, and the near exclusion of Balsam fir, 
will seriously reduce habitat quality for winter resident birds on the managed landscape. 
Scenarios 3 and 4 show that this can be mitigated by regenerating some areas to more 
natural species compositions, based on the yield curves and species attributes for existing 
managed stands. The Scenarios also suggest that this can be achieved with little or no 
effect on timber supply or harvest profile. 
 
We recommend that further research be conducted to elucidate the ecological role of non- 
pine species, especially of Balsam fir in the ESSF. We also recommend that Riverside 
consider moderating the extensive stand conversion prescribed by Management Plan 4. 
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7-3-2 Riparian Buffer Areas 
 
We evaluated scenarios where streamside buffer netdowns were exchanged for equivalent 
areas of Cluster Reserves within the harvestable landbase. This resulted in significant 
benefits as regards maintaining winter bird habitat, and was neutral or positive with 
respect to economic indicators. We note that none of the winter models showed a positive 
affect of proximity to streams as such. In the long run, riparian management by netdown 
of fixed width buffer areas confines most of the post-rotation age forest in managed 
landscapes to these narrow strips. The habitat benefits are not well established, and the 
spatial distribution of old forest that arises is very far form natural. In these simulations, 
we greatly simplified the problem of riparian buffer management, and do not advocate 
harvesting all buffers down to the streamside. However, we suggest that alternate 
management of these areas could achieve whatever protection of structure or erosion 
control is required within the riparian areas themselves, while freeing up resources that 
could be used to establish or enlarge a network of old forest reserves within the managed 
landscape. 
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Appendix 1 
 

Table A1.1: Species codes and Common and Latin Names 
Species Code Common Name Latin Name 
BAEA Bald Eagle 

9 Haliaeetus leucocephalus 
BAOW Barred Owl Strix Varia 
BBWO Black-backed Woodpecker 

10 Picoides arcticus 
BCCH Black-capped Chickadee Poecile atricapillus 
BOCH Boreal Chickadee 

11 Poecile hudsonica 
BOWA Bohemian Waxwing 

12 Bombycilla garrulus 
BRCR Brown Creeper 

12-1 Certhia 
americana 

CAGO Canadian Goose Branda canadensis 
CLNU Clark’s Nutcracker Nucifraga columbiana 
CORA Common Raven Corvus corax 
CORE Common Redpoll Carduelis flammea 
GCKI Golden-crowned Kinglet Regulus satrapa 
GGOW Great Gray Owl Strix nebulosa 
GRJA Gray Jay Perisoreus canadensis 
HAWO Hairy Woodpecker 

12-1-1 Picoides villosus 
MOCH Mountain Chickadee Poecile gambeli 
NOGO Northern Goshawk Accipiter gentilis 
NPOW Northern Pygmy-Owl Glaucidium gnoma 
PIGR Pine Grosbeak Pinicola enucleator 
PISI Pine Siskin Carduelis pinus 
PIWO Pileated Woodpecker Dryocopus pileatus 
RBNU Red-breasted Nuthatch Sitta canadensis 
RECR Red Crossbill Loxia curvirostra 
RUGR Ruffed Grouse Bonasa umbellus 
STJA Steller’s Jay Cyanocitta stelleri 
TOSO Townsend’s Solitaire Myadestes townsendi 
TTWO Three-toed Woodpecker Picoides tridactylus 
UKWO Unknown NA 
VATH Varied Tit Poecile varius 
WIWR WinterWren Troglodytes troglodytes 
WWCR White-winged Crossbill Loxia leucoptera 
10 

                                                 
10 Semenchuk, Glen P. The Atlas of Breeding Birds of Alberta. 1993. Federation of Alberta Naturalists. 
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Figure A1.1:  Cumulative proportion of individual observations versus detection radius.  The 

graph for GCKI is not shown as all 24 GCKI  detected were within a 50 m dection radius. 
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Table A1.2:  Quantiles of the Numeric Covariates used in models 
Covariate Minimum 1st Quantile Median Mean 3rd Quantile Maximum 

jd 12.00 21.00 33.00 33.76 44.25 56.00 
L.Height 0.00 18.30 21.70 19.47 24.70 39.20 

L.Age 0.00 93.00 112.00 103.10 132.00 277.00 
L.PctDec 0.00 0.00 0.00 0.08 0.00 1.00 

N.StreamLength 0.00 0.00 0.00 14.35 30.00 115.00 
N.PIEN 0.00 0.00 0.00 0.07 0.08 0.81 
N.PSME 0.00 0.00 0.08 0.29 0.58 1.00 
N.DEC 0.00 0.00 0.00 0.07 0.02 1.00 
N.CUT 0.00 0.00 0.06 0.16 0.23 1.00 

12-2 N.OLD 
0.00 0.00 0.04 0.11 0.17 0.83 

L.NonPlCon 0.00 0.10 0.35 0.42 0.70 1.00 
N.BigStreams 0.00 0.00 0.00 3.00 0.00 75.00 
N.NonPlCon 0.00 0.21 0.40 0.42 0.62 1.00 

N.PctDec 0.00 0.00 0.00 0.05 0.03 0.88 
N.ABBA 0.00 0.00 0.00 0.06 0.08 0.55 

N.MeanAge 12.00 89.00 107.60 102.10 117.60 174.40 
N.MeanHeight 1.90 17.20 20.60 19.39 22.60 27.30 

N.PNatural 0.00 0.77 0.98 0.86 1.00 1.00 
L.ABBA 0.00 0.00 0.00 0.06 0.00 1.00 

 
Table A1.3:  Summary of Cluster Covariate 

13 Cluster 
0* 3 7 16 23 

Number Stations 7 5 433 290 153 
*Cluster with code of 0 indicates that the cluster type was not recorded/known 

 
Table A1.4:  Summary of Treatment Covariate 

Treatment Arm Beetle CC Dec HVol Landbase LVol Park Rip 
Number 
Stations 

33 30 47 61 55 355 63 61 183 

(Arm = Armillaria; CC = Clearcut; Dec = Deciduous; HVol = HighVolume;  Vol = LowVolume,  
Rip = Riparian) 

 
Table A1.5:  Summary of Time Covariate 

Time Surveyed AM PM 
Number Stations 485 403 

 
Table A1.6:  Summary of Leading Species 1 Covariate 

Leading Species 1 X0 X1 X2 X3 X4 X5 X6 
Number Stations 7 400 267 76 43 79 16 

 
Table A1.7:  Summary of Leading Species 2 Covariate 

Leading Species 2 X0 X1 X2 X3 X4 X5 X6 
Number Stations 116 234 184 112 158 39 45 
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Table A1.8:  Summary of Zone Covariate 
Zone Z1 Z2 Z3 Z4 

Number Stations 414 294 146 34 
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Figure A1.2:  Histograms of the 22 numeric covariates used in developing the models 
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Table A1.9:  Summary of the binomial model for BCCH 

Call: 
glm(formula = Y ~ N.PctDec + L.ABBA + N.MeanHeight + N.MeanAge +  
    jd + N.OLD, family = binomial, data = bcch) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.9355  -0.3159  -0.2270  -0.1515   2.8705   
 
Coefficients: 
             Estimate Std. Error z value Pr(>|z|)     
(Intercept)  -3.61243    1.00890  -3.581 0.000343 *** 
N.PctDec      2.45676    0.93779   2.620 0.008800 **  
L.ABBA       -8.21889    4.72753  -1.739 0.082120 .   
N.MeanHeight  0.27751    0.07839   3.540 0.000400 *** 
N.MeanAge    -0.04571    0.01660  -2.754 0.005894 **  
jd           -0.02304    0.01317  -1.749 0.080319 .   
N.OLD         2.18729    1.35232   1.617 0.105786     
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
Null deviance: 307.61  on 887  degrees of freedom 
Residual deviance: 269.45  on 881  degrees of freedom 
AIC: 283.45 
Explained Deviance: 12.41% 
AUC:  0.7668 
Number of Fisher Scoring iterations: 7 
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Figure A1.3:  Receiver Operator Plot (ROC) plot for BCCH.  The area under the curve (AUC) is 

0.7668. The cut of value was determined to be 0.0347 which theoretically yields 38% false 
positive predictions and 78% true positive predictions. 
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Table A1.10:  Summary of the binomial model for BOCH 
Call: 
glm(formula = Y ~ z3 + z2 + N.CUT + I(jd^2), family = binomial,  
    data = boch) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.75860  -0.24770  -0.00740  -0.00402   2.74169   
 
Coefficients: 
             Estimate Std. Error z value Pr(>|z|)   
(Intercept) -1.17e+01   8.97e+00   -1.31    0.191   
z3           9.26e+00   8.97e+00    1.03    0.302   
z2           7.64e+00   8.97e+00    0.85    0.394   
N.CUT       -4.03e+00   2.29e+00   -1.76    0.078 . 
I(jd^2)      4.55e-04   2.32e-04    1.96    0.050 . 
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 206.16  on 887  degrees of freedom 
Residual deviance: 155.07  on 883  degrees of freedom 
AIC: 165.1 
Explained Deviance: 24.78% 
AUC: 0.8868 
Number of Fisher Scoring iterations: 10 
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Figure A1.4:  Receiver Operator Plot (ROC) plot for BOCH.  The area under the curve (AUC) is 

0.8868. The cut of value was determined to be 0.0216 which theoretically yields 30% false 
positive predictions and 100% true positive predictions. 
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Table A1.11: Summary of the binomial model for BRCR 
Call: 
glm(formula = Y ~ L.Natural + N.NonPlCon + L.NonPlCon + L.ABBA +  
    N.ABBA + L.Park, family = binomial, data = brcr) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.8603  -0.4218  -0.2962  -0.1435   2.9221   
 
Coefficients: 
            Estimate Std. Error z value Pr(>|z|)     
(Intercept) -10.3832     6.1939  -1.676 0.093669 .   
L.Natural     7.0156     6.1876   1.134 0.256871     
N.NonPlCon    3.2873     0.9225   3.563 0.000366 *** 
L.NonPlCon   -1.4410     0.6242  -2.308 0.020977 *   
L.ABBA       -7.0913     2.7032  -2.623 0.008709 **  
N.ABBA        5.0623     2.3584   2.146 0.031836 *   
L.Park       -1.5170     1.0230  -1.483 0.138110     
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 407.05  on 887  degrees of freedom 
Residual deviance: 361.27  on 881  degrees of freedom 
AIC: 375.27 
Explained Deviance: 11.25% 
AUC: 0.7451  
Number of Fisher Scoring iterations: 8 
 

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1-Specificity

S
en

si
tiv

ity

(0.427, 0.815)

 
Figure A1.5:  Receiver Operator Plot (ROC) plot for BRCR.  The area under the curve (AUC) is 

0.7451. The cut of value was determined to be 0.0565 which theoretically yields 43% false 
positive predictions and 82% true positive predictions. 
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Table A1.12: Summary of the binomial model for CLNU 
Call: 
glm(formula = Y ~ N.NonPlCon + N.CUT + N.PctDec + N.MeanAge +  
    N.ABBA + jd, family = binomial, data = clnu) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.8719  -0.3673  -0.2499  -0.1718   3.2781   
 
Coefficients: 
            Estimate Std. Error z value Pr(>|z|)     
(Intercept) -2.58664    1.15577  -2.238 0.025220 *   
N.NonPlCon   3.16626    0.80495   3.933 8.37e-05 *** 
N.CUT       -4.67504    1.35092  -3.461 0.000539 *** 
N.PctDec     3.18874    1.17887   2.705 0.006832 **  
N.MeanAge   -0.02246    0.00922  -2.436 0.014838 *   
N.ABBA       3.66487    1.52608   2.401 0.016329 *   
jd           0.01821    0.01125   1.618 0.105671     
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 390.44  on 887  degrees of freedom 
Residual deviance: 342.86  on 881  degrees of freedom 
AIC: 356.86 
Explained Deviance: 12.19% 
AUC:  0.7707  
Number of Fisher Scoring iterations: 5 
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Figure A1.6:  Receiver Operator Plot (ROC) plot for CLNU.  The area under the curve (AUC) is 

0.7707. The cut of value was determined to be 0.057 which theoretically yields 31% false positive 
predictions and 72% true positive predictions. 
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Table A1.13: Summary of the binomial model for GCKI 
Call: 
glm(formula = Y ~ L.PctDec + N.StreamLength, family = binomial,  
    data = gcki) 
 
Deviance Residuals:  
     Min        1Q    Median        3Q       Max   
-0.16643  -0.16643  -0.13803  -0.05069   3.25007   
 
Coefficients: 
                Estimate Std. Error z value Pr(>|z|)     
(Intercept)     -4.27257    0.40368 -10.584   <2e-16 *** 
L.PctDec       -40.07831   52.77533  -0.759    0.448     
N.StreamLength  -0.04183    0.03445  -1.214    0.225     
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 81.748  on 887  degrees of freedom 
Residual deviance: 76.199  on 885  degrees of freedom 
AIC: 82.2 
Explained Deviance:  6.79 
AUC: 0.6816  
Number of Fisher Scoring iterations: 10 
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Figure A1.7:  Receiver Operator Plot (ROC) plot for GCKI.  The area under the curve (AUC) is 

0.6816. The cut of value was determined to be 0.00457 which theoretically yields 57% false 
positive predictions and 100% true positive predictions. 
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Table A1.14: Summary of the binomial model for GRJA 
Call: 
glm(formula = Y ~ L.CUT + N.ABBA + N.BigStreams, family = 
binomial,  
    data = grja) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.3096  -0.3096  -0.2842  -0.1619   3.1138   
 
Coefficients: 
             Estimate Std. Error z value Pr(>|z|)     
(Intercept)  -3.01402    0.21615 -13.944   <2e-16 *** 
L.CUT        -1.82605    1.01610  -1.797   0.0723 .   
N.ABBA       -2.91523    2.09102  -1.394   0.1633     
N.BigStreams -0.03753    0.03270  -1.148   0.2511     
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 255.50  on 887  degrees of freedom 
Residual deviance: 246.79  on 884  degrees of freedom 
AIC: 254.79 
Explained Deviance: 3.41% 
AUC:  0.6352 
Number of Fisher Scoring iterations: 6 

0.0 0.2 0.4 0.6 0.8 1.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

1-Specificity

S
en

si
tiv

ity

(0.626, 0.862)

 
Figure A1.8:  Receiver Operator Plot (ROC) plot for GRJA.  The area under the curve (AUC) is 

0.6352. The cut of value was determined to be 0.0274 which theoretically yields 63% false 
positive predictions and 86% true positive predictions. 
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Table A1.15: Summary of the binomial model for MOCH 
Call: 
glm(formula = Y ~ z3 + Time + L.ABBA + L.NonPlCon + z2 + L.PctDec 
+  
    jd, family = binomial, data = moch) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.8475  -0.4123  -0.3103  -0.1905   3.2391   
 
Coefficients: 
            Estimate Std. Error z value Pr(>|z|)     
(Intercept) -4.38420    0.60101  -7.295 2.99e-13 *** 
z3          -2.28218    1.08734  -2.099 0.035829 *   
TimePM      -0.72540    0.29870  -2.429 0.015160 *   
L.ABBA       2.71048    1.22793   2.207 0.027290 *   
L.NonPlCon   1.92295    0.52996   3.628 0.000285 *** 
z2           0.90327    0.35939   2.513 0.011960 *   
L.PctDec     1.43950    0.76946   1.871 0.061372 .   
jd           0.01752    0.01066   1.643 0.100289     
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 433.94  on 887  degrees of freedom 
Residual deviance: 391.99  on 880  degrees of freedom 
AIC: 407.99 
Explained Deviance: 9.67% 
AUC: 0.7359 
Number of Fisher Scoring iterations: 6 
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Figure A1.9:  Receiver Operator Plot (ROC) plot for MOCH.  The area under the curve (AUC) is 
0.7359. The cut of value was determined to be 0.086 which theoretically yields 25% false positive 

predictions and 59% true positive predictions. 
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Table A1.16: Summary of the binomial model for PIGR 
Call: 
glm(formula = Y ~ L.NonPlCon + Time + L.CUT + N.CUT + 
N.MeanHeight +  
    L.Age + jd + I(jd^2), family = binomial, data = pigr) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.4728  -0.2800  -0.1921  -0.1170   3.0080   
 
Coefficients: 
               Estimate Std. Error z value Pr(>|z|)     
(Intercept)  -12.074759   3.182329  -3.794 0.000148 *** 
L.NonPlCon    -1.378482   0.679635  -2.028 0.042533 *   
TimePM        -0.665498   0.420418  -1.583 0.113435     
L.CUT         -4.137251   1.382258  -2.993 0.002761 **  
N.CUT          7.894440   2.076152   3.802 0.000143 *** 
N.MeanHeight   0.255582   0.094024   2.718 0.006562 **  
L.Age         -0.013977   0.009165  -1.525 0.127234     
jd             0.285290   0.119543   2.386 0.017010 *   
I(jd^2)       -0.003649   0.001624  -2.246 0.024686 *   
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
    Null deviance: 268.91  on 887  degrees of freedom 
Residual deviance: 230.02  on 879  degrees of freedom 
AIC: 248.02 
Explained Deviance: 14.46% 
AUC: 0.7954  
Number of Fisher Scoring iterations: 6 
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Figure A1.10:  Receiver Operator Plot (ROC) plot for PIGR.  The area under the curve (AUC) is 

0.7954. The cut of value was determined to be 0.0541 which theoretically yields 17% false 
positive predictions and 68% true positive predictions. 
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Table A1.17: Summary of the binomial model for PISI 
Call: 
glm(formula = Y ~ jd + N.NonPlCon + N.PctDec + L.Height + L.Age +  
    Time + N.StreamLength, family = binomial, data = pisi) 
 
Deviance Residuals:  
      Min         1Q     Median         3Q        Max   
-1.263770  -0.058930  -0.010461  -0.002157   3.513431   
 
Coefficients: 
                Estimate Std. Error z value Pr(>|z|)     
(Intercept)    -21.89152    5.26161  -4.161 3.17e-05 *** 
jd               0.27287    0.09226   2.958 0.003101 **  
N.NonPlCon       5.16126    1.32697   3.889 0.000100 *** 
N.PctDec         5.29583    2.43849   2.172 0.029873 *   
L.Height         0.35425    0.09168   3.864 0.000112 *** 
L.Age           -0.04668    0.01745  -2.675 0.007478 **  
TimePM          -1.93915    0.78761  -2.462 0.013815 *   
N.StreamLength  -0.02792    0.02013  -1.387 0.165447     
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 183.683  on 887  degrees of freedom 
Residual deviance:  83.249  on 880  degrees of freedom 
AIC: 99.249 
Explained Deviance:  54.68% 
AUC: 0.9689 
Number of Fisher Scoring iterations: 9 
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Figure A1.11:  Receiver Operator Plot (ROC) plot for PISI.  The area under the curve (AUC) is 

0.9689. The cut of value was determined to be 0.0411 which theoretically yields 6% false positive 
predictions and 90% true positive predictions. 

 



Winter Bird Habitat Scenarios - TFL 49. 
 

                         76                         
 

Table A1.18: Summary of the binomial model for PIWO 
Call: 
glm(formula = Y ~ N.NonPlCon + L.PctDec + N.ABBA + jd + I(jd^2),  
    family = binomial, data = piwo) 
 
Deviance Residuals:  
      Min         1Q     Median         3Q        Max   
-0.747443  -0.218530  -0.105963  -0.007495   3.159224   
 
Coefficients: 
              Estimate Std. Error z value Pr(>|z|)   
(Intercept)  -2.847446   2.013295  -1.414   0.1573   
N.NonPlCon    3.900334   1.538366   2.535   0.0112 * 
L.PctDec      2.336228   0.914377   2.555   0.0106 * 
N.ABBA      -55.943070  60.275171  -0.928   0.3533   
jd           -0.204249   0.119821  -1.705   0.0883 . 
I(jd^2)       0.002627   0.001820   1.444   0.1488   
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 168.17  on 887  degrees of freedom 
Residual deviance: 136.12  on 882  degrees of freedom 
AIC: 148.12 
Explained Deviance: 19.06% 
AUC:  0.8671 
Number of Fisher Scoring iterations: 10 
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Figure A1.12:  Receiver Operator Plot (ROC) plot for PIWO.  The area under the curve (AUC) is 

0.8671. The cut of value was determined to be 0.0268 which theoretically yields 22% false 
positive predictions and 88% true positive predictions. 
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Table A1.19: Summary of the binomial model for RBNU 
glm(formula = Y ~ N.NonPlCon + N.PNatural + N.PctDec + jd + 
I(jd^2) +  
    L.CUT + z3 + N.ABBA + N.StreamLength + Time + N.CUT + L.Age +  
    L.Height, family = binomial, data = rbnu) 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-1.7407  -0.7496  -0.4212   0.7169   2.7789   
Coefficients: 
                 Estimate Std. Error z value Pr(>|z|)     
(Intercept)    -1.083e+01  1.979e+00  -5.474 4.39e-08 *** 
N.NonPlCon      2.849e+00  4.083e-01   6.979 2.98e-12 *** 
N.PNatural      5.711e+00  1.750e+00   3.263 0.001101 **  
N.PctDec        2.514e+00  7.296e-01   3.446 0.000569 *** 
jd              1.731e-01  4.289e-02   4.036 5.43e-05 *** 
I(jd^2)        -2.232e-03  6.132e-04  -3.640 0.000273 *** 
L.CUT          -1.068e+00  6.018e-01  -1.774 0.076070 .   
z3             -1.996e+00  4.565e-01  -4.372 1.23e-05 *** 
N.ABBA          6.642e+00  1.309e+00   5.076 3.85e-07 *** 
N.StreamLength -1.146e-02  4.486e-03  -2.555 0.010619 *   
TimePM         -4.191e-01  1.846e-01  -2.270 0.023189 *   
N.CUT           3.292e+00  1.648e+00   1.998 0.045751 *   
L.Age          -1.304e-02  3.843e-03  -3.392 0.000693 *** 
L.Height        7.455e-02  2.680e-02   2.782 0.005405 **  
--- 
Null deviance: 1003.1  on 887  degrees of freedom 
Residual deviance:  813.6  on 874  degrees of freedom 
AIC: 841.6 
Explained Deviance: 18.89% 
AUC: 0.7878 
Number of Fisher Scoring iterations: 4 
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Figure A1.13:  Receiver Operator Plot (ROC) plot for RBNU.  The area under the curve (AUC) is 
0.7878. The cut of value was determined to be 0.313 which theoretically yields 23% false positive 

predictions and 66% true positive predictions. 
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Table A1.20: Summary of the binomial model for RECR 
Call: 
glm(formula = Y ~ z1 + L.CUT + N.NonPlCon + z2 + L.ABBA + jd +  
    I(jd^2), family = binomial, data = recr) 
 
Deviance Residuals:  
      Min         1Q     Median         3Q        Max   
-0.639208  -0.230186  -0.074461  -0.003521   3.227573   
 
Coefficients: 
              Estimate Std. Error z value Pr(>|z|)    
(Intercept) -23.056119  12.311268  -1.873  0.06110 .  
z1           11.020700  11.974132   0.920  0.35738    
L.CUT        -8.186223  15.613080  -0.524  0.60006    
N.NonPlCon    2.673408   1.422219   1.880  0.06014 .  
z2            8.813517  11.709995   0.753  0.45166    
L.ABBA        7.214281   4.249313   1.698  0.08955 .  
jd            0.455226   0.161154   2.825  0.00473 ** 
I(jd^2)      -0.006195   0.002209  -2.805  0.00503 ** 
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 191.28  on 887  degrees of freedom 
Residual deviance: 145.68  on 880  degrees of freedom 
AIC: 161.68 
Explained Deviance: 23.84% 
AUC: 0.8896 
Number of Fisher Scoring iterations: 10 
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Figure A1.14:  Receiver Operator Plot (ROC) plot for RECR.  The area under the curve (AUC) is 

0.8896. The cut of value was determined to be 0.0385 which theoretically yields 21% false 
positive predictions and 85% true positive predictions. 
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Table A1.21: Summary of the binomial model for TTWO 
glm(formula = Y ~ L.PctDec + L.Height + N.OLD + N.ABBA, family = 
binomial,  
    data = ttwo) 
 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-0.4248  -0.2995  -0.2339  -0.1501   3.2481   
 
Coefficients: 
            Estimate Std. Error z value Pr(>|z|)     
(Intercept) -4.27708    0.80913  -5.286 1.25e-07 *** 
L.PctDec    -4.45324    3.53411  -1.260    0.208     
L.Height     0.06164    0.03474   1.774    0.076 .   
N.OLD       -2.41807    1.62485  -1.488    0.137     
N.ABBA      -3.30506    2.24811  -1.470    0.142     
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for binomial family taken to be 1) 
 
    Null deviance: 234.84  on 887  degrees of freedom 
Residual deviance: 221.56  on 883  degrees of freedom 
AIC: 231.56 
Explained Deviance: 5.65% 
AUC:  0.6960 
Number of Fisher Scoring iterations: 7 
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Figure A1.15:  Receiver Operator Plot (ROC) plot for TTWO.  The area under the curve (AUC) 

is 0.6960. The cut of value was determined to be 0.0167 which theoretically yields 64% false 
positive predictions and 96% true positive predictions. 
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Table A1.22: Summary of the RICHNESS Poisson model 
Call: 
glm(formula = Rich ~ N.NonPlCon + L.CUT + N.PctDec + N.PNatural +  
    L.Zone + N.ABBA + N.BigStreams, family = poisson, data = 
rich,  
    offset = log(Offset)) 
Deviance Residuals:  
    Min       1Q   Median       3Q      Max   
-2.0816  -1.0535  -0.4780   0.5746   3.4303   
 
Coefficients: 
              Estimate Std. Error z value Pr(>|z|)     
(Intercept)  -1.574658   0.314150  -5.012 5.37e-07 *** 
N.NonPlCon    1.361633   0.223628   6.089 1.14e-09 *** 
L.CUT        -0.467800   0.171764  -2.724  0.00646 **  
N.PctDec      1.835525   0.302933   6.059 1.37e-09 *** 
N.PNatural    0.755683   0.302968   2.494  0.01262 *   
L.ZoneZ2      0.079078   0.128102   0.617  0.53703     
L.ZoneZ3     -0.709922   0.219190  -3.239  0.00120 **  
L.ZoneZ4     -0.125309   0.194866  -0.643  0.52019     
N.ABBA        1.859720   0.521237   3.568  0.00036 *** 
N.BigStreams -0.007098   0.003600  -1.972  0.04863 *   
--- 
Signif. codes:  0 `***' 0.001 `**' 0.01 `*' 0.05 `.' 0.1 ` ' 1  
 
(Dispersion parameter for poisson family taken to be 1) 
Null deviance: 1056.61  on 797  degrees of freedom 
Residual deviance:  887.94  on 788  degrees of freedom 
AIC: 1901.7 
Explained Deviance: 15.96% 
Number of Fisher Scoring iterations: 4 
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Figure A1.16:  Normal QQ-Plot of the residuals for Richness.  The green line represents the qq-
line, and the blue line represents a (0,1) line. 
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13-1-1 Optimal Sampling Date 
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Figure A1.17:  Plots of the date function for each model where date (jd or jd2) is in the model 

 



Winter Bird Habitat Scenarios - TFL 49. 
 

                         82                         
 

PIGR, RBNU, RECR and Richness had convex date functions (Figure A1.17).  As a result, the 
derivative of the date function was obtained, set to zero, and jd was solved for, yielding the 
optimal sampling date. However this approach did not work for the remaining 10 models.   
 
For CLNU and MOCH, the optimal sampling date was obtained by forcing jd and jd2 into the 
model. This resulted in convex curves. As before, the derivative of the function was then taken 
and set to zero, then jd was solved. for.  This method did not work for the remaining 8 birds, as it 
would yield either negative date values, or would produce the minimum values as a results of the 
curve being concave. 
 
 For the remaining 8 models, the plots in figure 17 were further examined and either the 1st or 3rd 
quartile value of jd  (Table A1.23) was used as the optimal yielding date, depending on the curve 
function. 
 

Table A1.23: Summary of date (jd) and the date components in the model for each species 
Bird Model Min. 1st Qu. Median Mean 3rd Qu. Max. 
BCCH -0.023jd 14.0 21.0 27.5 32.0 45.0 53.0 
BOCH 0.0005jd2 14.0 37.0 43.0 41.6 53.5 55.0 
BRCR NA 14.0 24.8 43.0 38.1 51.3 55.0 
CLNU 0.018jd 17.0 24.8 42.0 37.7 49.0 54.0 
GCKI NA 16.0 22.0 26.0 30.8 34.8 55.0 
GRJA NA 15.0 22.5 37.0 35.2 45.0 55.0 
MOCH 0.018jd 15.0 30.0 38.0 37.7 45.0 56.0 
PIGR 0.285jd-0.004jd2 14.0 28.5 40.5 37.1 44.8 55.0 
PISI 0.273jd 42.0 50.0 52.0 51.2 54.0 55.0 
PIWO -0.204+0.003jd2 14.0 15.0 27.0 30.3 43.0 54.0 
RBNU 0.173jd-0.002jd2 14.0 27.0 38.0 36.8 45.0 55.0 
RECR 0.455jd-0.006jd2 30.0 35.0 36.0 38.5 44.8 46.0 
TTWO NA 19.0 24.0 36.0 35.7 44.0 56.0 
RICH 0.074jd-0.001jd2 14.0 25.0 36.0 35.2 45.0 55.0 
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APPENDIX 2 
 
 
Notes: 

1) A total of 129 different stands were visited 
2) The sample size used in the models was 888 datapoints (stations visited) for the species 

level models and 747 for the richness model. 
3) For the correlation analysis, data with a certain attribute was missing (i.e. Easting and 

Northing values) are excluded from the analysis. 
4) A total of 13 stations (point counts) were visited in replicate “2of2.” These 13 stations 

were from only 2 different stands. 
5) A total of 40 stations were visited in replicates “2of3” and “3of3.”  These 40 stations 

were from 5 different stands. 
6) The stream inventory data for Block 4 (Upper right hand corner) was not complete.  As 

such, the few stations (~12) that were sampled in this region were excluded from the 
dataset so as to not confound the riparian effect in the models.   

7) Adding the variable L.Age2 was tested in each of the models.  Adding this variable made 
little to no difference in the models.  Typically, if it did enter the model, it replaced 
L.Age (14 out of 43 models, where only 16 models were afftected by adding L.Age2).  As 
such, models with L.Age2 were not used.   
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Correlations: 
 The correlation between Stand and date is 0.013 
 The correlation between Treatment and date is -0.144 
 
 The correlation between Cluster and date is 0.038 
 The correlation between UTM-Northing and date is -0.028 
 The correlation between UTM-Easting and date is 0.085 
 The correlation between total counts per stand and date is -0.010 
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Figure A2.1: Scatterplots of various attributes versus date.  The red line represents a fitted lowess 

curve to demonstrate the lack of trends. 
 

The correlations between these covariates and date was examined to ensure that covariates were 
not systematically sampled in time.  For example, it would be undesirable if all Armillaria 
treatments were sampled earlier then all Clearcut treatments.  If correlations were high, the data 
could potentially be biased.  
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Table A2.1:  When the replicated visits to a station had different UTM values 
Stand Station North East Replicate 

292838 5590497 1of2 M4L16005 6 
292842 5590348 2of2 
318492 5564995 1of3 M9L7007 1 
318490 5564995 2of3 & 3of3 
318612 5564858 1of3 & 2of3 M9L7007 2 
318613 5564858 3of3 
318921 5564792 1of3 & 2of3 M9L7007 4 
318903 5564806 3of3 
293853 5573291 1of2 M7LV7005 5 
293852 5573292 2of2 
294641 5573602 RBNU, 2of2 M7LV7005 2 
294437 5573564 RECR, 2of2 
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