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ABSTRACT – The purpose of our study was to determine if estimates of survival 

and fecundity from the United States could be used to model the population of Northern 

Spotted Owls (Strix occidentalis caurina) in British Columbia. British Columbia is the 

northern limit of the species’ range and perhaps these parameters at this limit differ from 

those in more southerly regions. We extracted environmental data, such as snowfall and 

annual precipitation, from regional maps. We correlated these environmental variables 

with population parameters (survival and fecundity) of Northern Spotted Owls from 

various study areas in the Pacific Northwest. We detected several significant correlations; 

for example, survivorship was negatively correlated to indices of winter climate, such as 

snowfall and positively correlated with freeze free period. These findings indicate that 

managers should use estimates of survivorship and possibly fecundity that are lower than 

mean values from United States when modeling spotted owl populations in British 



 March 15/04    Main and Harestad      2 

 2

Columbia. Estimates of survivorship and fecundity are needed to improve models and 

help guide management of Spotted Owls in British Columbia.  

 

Introduction 

There is concern for the continued survival of the northern spotted owl (Strix 

occidentalis caurina) in many parts of its range. This subspecies is closely associated 

with old and mature forests in the Pacific Northwest from northwestern California to the 

southwest mainland British Columbia (SORT 1994). It is a medium-sized owl that has 

chocolate brown body feathers with a regular pattern of elliptical creamy white spots. 

Sexual dimorphism is not revealed by differences in plumage colouration, rather size and 

the pitch of the call can distinguish the sexes. Females are slightly larger in size and have 

higher pitched calls than those of males (Forsman et al. 1984).  

 The northern spotted owl nests primarily in stands or remnant patches of old 

growth forest (Thomas et al. 1990) but in the Olympic Peninsula they can nest in younger 

stands with residual old trees (Forsman and Giese 1997).  Spotted owls do not build their 

own nests but use naturally occurring sites, which are common in old-growth forests 

(Dawson et al. 1986). Northern spotted owls have a low reproductive rate and female 

sub-adults may begin breeding by their second year (Gutierrez 1985). They have a strong 

fidelity to breeding sites and occupy the same home ranges for long periods (Forsman et 

al. 1984).  

Although the diet varies among regions and forest types, northern spotted owls 

prey primarily on small mammals, but also consume an array of taxa including birds and 

insects (Forsman et al. 1984). The diet of the northern spotted owl in British Columbia 
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consists mainly of flying squirrels and bushy-tailed woodrats (Horoupian et al. 2004). In 

British Columbia, the current known range of northern spotted owls extends from the 

International Border north 200 km to Carpenter Lake, west to Howe Sound and east to 

the Coquihalla Summit (Godwin, 2003). Within this range, the population has declined 

over the past 9 years and the species is at risk of extirpation from British Columbia and 

thus from Canada (Blackburn et. al. 2002).   

After designation as nationally Endangered in Canada in 1986 (COSEWIC 2000), 

the Northern Spotted Owl was further protected upon B.C. Government approval of the 

Spotted Owl Management Plan for the Chilliwack and Squamish Forest Districts in 1997 

(SOMIT 1997). However, given the current trend and known range of the Spotted Owl in 

British Columbia, the scope and strategies of the Spotted Owl Management Plan may be 

insufficient to provide a reasonable probability that spotted owl populations will stabilize 

or improve in status over the long term (Godwin 2003). Logging of old growth forests is 

considered to be the main contributor to the decline of spotted owl populations (U.S. Fish 

and Wildlife Service, 1990) but other factors may also be involved such as competition 

from barred owls (Strix varia) and climatic variation (Blackburn et. al. 2002, Godwin 

2003), especially variation within ecotones (Neilson 1991). 

 

Relevance of Climate 

Much research has been conducted in the Pacific Northwest on different 

demographic parameters of spotted owls. In many places, populations have been 

declining (Forsman et al. 2002) and it is uncertain if past and existing management 
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initiatives are sufficient to protect spotted owl populations and return them to viable 

sizes.  

A demographic study was conducted by Forsman et al. (2002), in the Cle Elum 

General Study Area on the east slope of the Cascade Range in Washington where 

northern spotted owl populations were declining. The cause of the decline was unknown, 

but factors thought to be responsible included competition with barred owls, weather 

patterns, demographic isolation, or a combination with these or other factors (Forsman et 

al. 2002).  

Our study focuses on climatic factors that may be contributing to decline of 

northern spotted owl populations. It drew largely from the paper by Franklin et al. (1999) 

that arose from a workshop conducted in 1998 to analyze demographic data of northern 

spotted owls from 15 study areas in Washington, Oregon and northern California. They 

analyzed demographic parameters (age-specific survival and fecundity) using capture-

recapture estimators and mixed models, and annual rates of population change using 

projection matrices and a recent estimator developed by Pradel (1996) that used only the 

capture-recapture data (Franklin et al. 1999). The objectives of the study by Franklin et 

al. (1999) were to: 

1. Estimate age-specific survival probabilities and fecundity rates, and their 

sampling variances, for individual study areas; 

2. Estimate range-wide trends in adult female survival and fecundity across study 

areas; 
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3. Estimate annua���������	�
�
�������������� ���������������
��������������	���

individual study areas and across study areas based on Leslie projection matrices; 

and, 

4. Explore an alternative approach for estimating rates of annual population change 

using a capture-recapture estimator based on the re-parameterized Jolly-Seber 

model (Pradel 1996). 

 

Franklin et al. (1999) noted several important results that pertain to our study. 

Mean values for survival and fecundity were compiled and statistically analyzed across 

study sites������������	�
�
�������������� pm) represented an average over a specific 

time period and specific location and thus, did not predict rates of population change 

beyond the period during which it was measured (Franklin et al. 1999). The mean 

estimate of pm from the combined study areas indicated that northern spotted owl 


�
������������������������������������� �����!������	���!������������������ pm 

estimated from average parameters across studies still indicated a population declining by 

3.9% a year (Franklin et al. 1999). In some cases results in individual study areas suggest 

stationary populations, but results from other study areas (e.g., California) suggest that 

these areas were experiencing accelerated population declines (Burnham et al. 1994). 

In the “Further Considerations” section, of their paper, Franklin et al. (1999) 

stated that relationships between demographic parameters such as survival and fecundity 

and external covariates (e.g., weather and habitat) should be investigated at a larger scale 

to gain further insights into ecological mechanisms affecting northern spotted owl 

populations.  
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Building on this recommendation, we examined relationships between 15 climatic 

variables and population parameters of northern spotted owls. If such relations exist, they 

might have implications to management of the northern spotted owls in British Columbia. 

Population models have been developed to guide managers in British Columbia, but these 

models use mean values of population parameters such as survival and fecundity, from 

across all study sites or from sub regions listed in Franklin et al. (1999).  Franklin et al. 

(1999) included study areas from a range of environmental conditions. This begged the 

question; can we anticipate that British Columbia is different from the Pacific Northwest 

climatically? If so, then perhaps the population parameters of spotted owls in British 

Columbia should be more similar to those in northern Washington than those in southern 

Oregon? British Columbia is at the northern limit of spotted owl range; hence, climate 

may contribute to limitation of the species’ range. The climate in British Columbia may 

be wetter and colder, or at least have a similar climate to northern Washington. Thus, 

results from analyzing known environmental factors in relation to population parameters 

of northern spotted owl in the Pacific Northwest may help understand spotted owl 

populations and guide managers in British Columbia.  

We hypothesized that there may be trends between 15 broad ecological variables 

and the survival and fecundity data reported in Franklin et al. (1999). Testing this 

hypothesis leads to the inference that the mean values of survival and fecundity are or are 

not appropriate values on which to base management decisions about the northern spotted 

owl in British Columbia. More accurate estimates of survivorship and fecundity may be 

needed to improve models of spotted owls and forest management practices and avoid 

extirpation of spotted owls in British Columbia. Our objectives are to: 
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1. Correlate broad environmental variables with population parameters (specifically 

survival and fecundity) from study areas in Oregon and Washington, 

2. Identify climatic factors that may affect survival and fecundity significantly 

across the range of spotted owls, and 

3. Use these relationships and their biological rationales to make recommendations 

that would guide managers in British Columbia and contribute to the 

conservation of spotted owls.   

 

Methods 

The 15 study areas compiled in Franklin et al. (1999) ranged from Northern 

California, to coastal and interior Washington and Oregon. In our study, we included only 

Oregon and Washington because climatic data from a single source (i.e., Jackson and 

Kimerling 1993) were available for these states. We used 15 climatic factors derived 

from the Atlas of the Pacific Northwest (Jackson and Kimerling 1993) to determine 

climatic trends among the study areas. Before performing statistical analyses, we 

prioritized each climatic factor and outlined each of their biological rationales (Table 1). 

Abbreviations of environmental variables used in tables and other results are listed in 

Table 2. 

Forest type is classified according to those given in Jackson and Kimerling 

(1993). It is assumed to reflect broad habitat characteristics and is treated as a nominal 

variable (i.e., categorical variable). The other 14 variables are treated as ordinal variables 

(i.e., rank order variables). The environmental data were collected from maps. Map size 

was enlarged or reduced using a photocopier so they would match the scale of the of the 
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study area map in Franklin et al. (1999). We measured the distance in millimeters 

between the end points of Cape Flattery and the southeast corner of Oregon to estimate 

the appropriate scale. We made a plastic overlay of the study area map in Franklin et al. 

(1999) and checked the end points on each environmental variable map to ensure there 

was minimal distortion.  

We overlaid the maps and categorized each study site according to particular 

climatic variables. Typically, a range of isoclines occurred within the boundaries of each 

study area. Hence, for each study area, we estimated the predominant isoclinic range (i.e., 

if there was a small corner of the study area with an extreme isocline, it was not 

included). The Wenatchee study area (WEN) was large and disjunct, so it was split into 

three sections, WEN north, WEN middle and WEN south. Forest type data was collected 

from maps of forest type from Jackson and Kimerling (1993) overlaid with study sites. 

The predominant forest type was recorded for each study area. 

 The midpoints of the estimated range of isoclines on the maps were used for 

environmental variables. Data for survivorship and fecundity generated for each of the 15 

studies in the Pacific Northwest and California (Franklin et al. 1999) were used for 

statistical analysis. The environmental data were ordinal and may not be normally 

distributed, so assumptions for linear regressions would likely be violated. Because of the 

nature of our data, we decided that Spearman rank correlations were statistically 

appropriate and conducted simple correlations using SPSS (Statistical Package for the 

Social Sciences). Two tailed statistical tests were used with an alpha of 0.05, to give me 

confidence that fewer spurious correlations would result. Trends discovered by 

examining these factors in the 12 study areas in the Pacific Northwest (the remaining 
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three were in Northwestern California) would be useful to determine more appropriate 

estimates of owl survivorship and fecundity for management of spotted owls in British 

Columbia.  

 

Results 

Environmental Variables 

The results are compiled into a series of tables that lists the Spearman Rank 

Correlation Coefficients (rs) for environmental variables individually correlated with 

survivorship and fecundity from Franklin et al. (1999)’s workshop. There were several 

significant correlations between environmental variables and mean survivorship of 

northern spotted owls (Table 3).  

Mean juvenile survivorship was correlated significantly with 8 of the 14 

environmental variables. Negative relationships occur with snowfall, frequency of dry 

years and amount of July sun. Significant positive correlations include January maximum 

and minimum temperature, July minimum temperature, freeze free period, and days with 

dense fog.  Of three significant relationships detected between 2-year survival and the 14 

environmental variables, the frequency of dry years and amount of July sun are negative 

relationships, whereas the days with dense fog shows a positive relationship. No 

significant relationships were observed with mean adult survival or 1 year survival and 

environmental variables. 

Fecundity in Washington and Oregon study sites was correlated with the 

environmental variables (Table 4). One negative (July minimum temperatures) and one 

positive (snowfall) significant correlation occurred with mean 1-year-old fecundity 
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(Table 4). Two significant correlations occurred with mean 2-year-old fecundity. 

Frequency of dry years showed a positive relationship, and amount of July sun showed a 

negative relationship. Seven of the 14 environmental variables were significantly 

correlated with mean adult fecundity. January maximum and minimum temperatures, 

July minimum temperatures, as well as days with dense fog were negative relationships, 

whereas snowfall, freeze free days, and amount of July sun were positive correlations 

(Table 4). 

 

BC in Context 

 We gathered climate data from 4 weather stations in southern BC to gain a 

general idea of the differences in climatic conditions between southern BC and northern 

Washington (Table 11). It is important to note that the data resolution for these two areas 

is different and Washington values are based largely on estimation.  As a result, this 

comparison should only be interpreted as a starting point for further study. 

 To relate our findings with actual snow depths in southwestern British Columbia, 

a map of remaining snow depth on April 1st (Canada Land Inventory 1964) was 

contrasted and compared to a map of the distribution of spotted owls in B.C. (MWLAP 

2003).  Upon evaluation of the maps, 3 somewhat distinct areas of snow depth were 

distinguished within spotted owl range:   

1. Relatively deep snow depth at nests sites from Vancouver, north to Squamish and 

Whistler (i.e., up to 100 inches), and west to Harrison Lake.  For the purposes of 

this analysis, this area is considered to have a wet (mesic) coastal climate. 
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2. Relatively shallow snow depth from Hope north to Lytton and Lillooet along the 

Fraser River Canyon and from Lillooet southwest to Lillooet Lake.  For the 

purposes of this analysis, this area is considered to have a dry (xeric) interior 

climate. 

3. Relatively moderate snow depth south of Hope to the Canada-U.S.A. international 

border (i.e., up to 60 inches).  For the purposes of this analysis, this area is 

considered to be a transitional boundary area between wet coastal and dry interior 

climates. 

 

These snow depth distinctions indicate that relative juvenile northern spotted owl 

survivorship should be highest in the area from Hope, north to Lytton and Lillooet along 

the Fraser River Canyon.  Relative juvenile survivorship may also be high from Lillooet, 

southwest, to Lillooet Lake and Pemberton.  Relative juvenile should be lowest at nest 

sites located from Vancouver, north to Squamish and Whistler, and west to Harrison 

Lake because snow depth is relatively high in these areas.  Relative juvenile owl 

survivorship should be moderate (i.e., transitional between wet coastal and dry interior 

values) from Hope, south to the Canada-U.S.A. international border. 

 

Forest Type 

We calculated the mean juvenile survival for the 12 study areas in Oregon and 

Washington grouped by major forest type (Figure 1; see Jackson and Kimerling 1993 for 

descriptions of forest types). There were no differences among forest types based on 

overlaps of the 95% confidence limits. Sample sizes are small and thus exhibit large 
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confidence limits. Although all means lie below 0.50 survivorship (50%), the Ponderosa 

Pine Zone (PPZ) has the lowest mean juvenile survivorship. The Ponderosa Pine Zone is 

followed in increasing order by the Grand Fir and Douglas-fir Zones (GFD), Cascade 

Subalpine Forest Zone Complex (CSF), the Western Hemlock Zone (WHZ), and the 

Mixed Needleleaf-Broadleaf Forest Zone Complex (MFZ). The Mixed Needleleaf-

Broadleaf Forest Zone Complex has n=1, and thus error bars cannot be calculated 

because only one juvenile survivorship value is in this category (Fig. 1). Four study areas 

were in California and not classified by forest type. Their values are provided for 

comparison. 

 
 

Discussion 

Discussion of the results is grouped into 3 sections for survival and fecundity: 

easily biologically explained correlations, unexplained correlations, and possible spurious 

correlations. 

 

Survival  

Easily explained (Table 5) 

The negative relationship between snowfall and juvenile survivorship has 

implications for management of spotted owls (Figure 2). Because of the presence of the 

Cascade Mountain Range, northwestern Washington has a relatively high amount of 

snowfall. The northernmost study site, Wenatchee (WEN) (as discussed in Franklin et al. 

[1999]) has the second lowest juvenile survivorship (0.143). Southwest mainland British 

Columbia has mountainous topography and reasonably high elevations that would 
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experience substantial snowfall. Thus, it is likely to have a similar or lower juvenile 

survivorship values compared to northern Washington. All of the significant relationships 

(Table 5) seen with survivorship are variables associated with winter climate. As the 

freeze free period increases, an overall increase in juvenile survival was observed in 

correlation (0.555, 0.05) (Figure 3). Thus, it appears that survivorship estimates used in 

models of spotted owls that inhabit mountainous areas in BC with more severe winter 

conditions (increased snowfall) should be lower than the mean values for studies in the 

United States. These ideas are consistent with those of Franklin et al. (2000), who 

thought that the negative effects of winter precipitation might have resulted through 

impacts on survival of young owls experiencing their first year of independence.  

 

Unexplained (Table 6) 

The number of days with dense fog is a climatic variable that likely reflects 

several other environmental conditions and could depend on temperature and geographic 

location. For example, the most southern section of the Wenatchee study site (WEN) in 

Franklin et al. (1999) is located in the Columbia Basin in interior Washington and has the 

lowest number of days with dense fog (17 days). The Tyee (TYE) study site in southern 

Oregon has one of the larger numbers of days with dense fog (45 days) and lies on the 

coastal western slopes of the Cascades, where fog is more likely to form. Perhaps the 

days with dense fog variable is associated with other attributes of climate or environment 

(e.g., Biogeoclimatic Zone, elevation, maritime versus interior influence) that are more 

directly linked to the survival of spotted owls.  
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Several correlations, although statistically significant were not easily related to 

some process fundamental to the owls’ biology, such as energy expenditure or prey 

availability. However three of the 4 significant correlations were associated with 

juveniles, a cohort considered more sensitive than older owls to sources of mortality 

(Godwin 2003). Correlations involving standard error are not easily explained because 

variation is difficult to interpret. For example, low variation in survivorship could occur 

in areas that are consistently very cold and as well in areas that are consistently very 

warm.     

Spurious (Table 7) 
 

The correlations in Table 10 do not have clear linkages to ecological processes 

that may affect survivorship of spotted owls.  We conducted 56 correlations for survival. 

Simply based on statistical likelihood, we expected a small portion of these correlations 

to be spurious.  Correlations that do not readily link to basic resources required by owls 

or are not somehow associated with their habitat may have no biological basis.  

 

Survivorship and Environmental Conditions 

Overall, there are consistencies in survivorship that are evident among the 

correlation analyses. These consistencies, in part, occur because the environmental 

variables are likely correlated with each other, for example snowfall and January 

maximum temperature (rs= -0.876, P<0.001) are negatively correlated. However, in part, 

they also likely reveal similar influences on factors that affect food intake and thermal 

losses (or gains) by owls at different stages of their lives both seasonally and among age 

classes.  
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Although we did not measure environmental variables for northern California, we 

expect owls there to have higher survivorship based on the general trend found in Oregon 

and Washington that harsher winter conditions lead to decreased survivorship. The 3 

study areas in Northern California lie in the Basin and Range Landform Region, a region 

that is very different in landscape to the study areas in Oregon and Washington (Jackson 

and Kimerling, 1993). We expect that due to northern California’s more southerly 

location in comparison with the rest of the Pacific Northwest, warmer temperatures and 

less precipitation would also be observed in northern California.  

A comparison of survivorship from Franklin et al. (1999) between northern 

Washington and northern California reveals substantial differences in survivorship 

between the two areas for both juvenile and 1 year old spotted owls. Mean juvenile and 

one-year survivorship measurements, respectively, in northern California study sites 

(Hoopa Tribe –HUP, 0.366, 0.820; northwest California – NWC, 0.295, 0.860; and 

Simpson – SIM, 0.365, 0.859) are generally greater than estimates from northern 

Washington (Olympic Peninsula –OLY, 0.252, 0.587; Cle Elum – CLE, 0.195, 0.839). If 

warmer temperatures and less precipitation occur in California, this difference is 

consistent with our findings, especially the correlations of temperature and precipitation 

with juvenile survivorship. 

 In terms of habitat quality and fitness of northern spotted owls in northwestern 

California, Franklin et al. (2000) found that owls are generally affected (in terms of life 

history traits) by climate during the spring rather than the winter. They suggest that the 

period when climatic variation most affects spotted owl survival is during the early 

breeding season, when energetic stress is high. If similar trends result in Oregon and 
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Washington, this may account for the few significant results in the higher age classes of 

owls, as few of the 15 climatic variables focused solely on spring environmental 

conditions.  

Because climatic variables from Jackson and Kimerling (1993) do not largely 

focus on spring climate, significant results from this study largely focus on winter 

conditions. Franklin et al. (2000) also identified that winter conditions have large effects 

on juvenile populations. This is consistent with our findings.  

 

Fecundity  

 We expected environmental factors that decrease survival would also have 

negative effects on fecundity. Results showed many relationships that could be easily 

explained biologically, however there were not as many similarities between survival and 

fecundity relationships as we anticipated.  

 

Easily explained (Table 8) 

July minimum temperatures may affect the harshness of the summer environment 

of owls. Intense heat could have negative effects on survivorship and fecundity.  

 

Unexplained (Table 9) 

We expected that increased snowfall and annual precipitation should have 

negative effects on owl reproduction, however the results do not support this (snowfall 

and adult fecundity: 0.596, 0.024). Similarly, We expected that warmer winter 

temperatures would increase fecundity in the long term, but this was not observed 
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(January maximum temperature and adult fecundity: -0.762, 0.002). Part of the 

inconsistency in winter variables correlated with fecundity in comparison with 

survivorship, may occur because reproduction does not occur in the winter. If the owl can 

survive through a harsh winter with more snowfall and colder temperatures, perhaps 

other factors during spring have greater influence on the reproduction of owls. 

 
Spurious (Table 10) 

 
The following correlations (Table 10) do not have clear linkages to ecological 

processes that may affect survivorship of spotted owls.  We conducted 42 correlations 

involving fecundity. Simply based on statistical likelihood, we expect a small portion of 

these correlations to be spurious.  Correlations that do not readily link to basic resources 

required by owls to reproduce or are not somehow related to their habitat during the 

reproductive period may have no biological basis.  

 

Fecundity and Environmental Conditions 

Among the correlation analyses conducted, there are more inconsistencies with 

fecundity than with survivorship. These inconsistencies, in part, may occur because of 

confounding variables such as time of reproduction. Franklin et al. (2000) addressed 

reproduction and climate in their study in northwestern California. They suggest that 

climate affects reproductive output during the late breeding season. Climatic effects 

during this period could cause direct mortality of young owls, or inhibit prey populations 

or the ability of parents to capture prey for their offspring. This may explain the 

inconsistency in fecundity trends for winter climate variables. However, further study in 

B.C. would need to be conducted to see if similar trends exist.  
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Nonetheless, winter conditions likely play a role in the reproduction of owls.  

Because British Columbia may have a colder climate than much of the Pacific Northwest, 

We recommend that managers use more conservative (lower) estimates than the mean 

value when modeling owl populations in British Columbia. 

 Complex interactions between climatic factors and owl population parameters 

make it difficult to explain the presence of correlations with summer temperature and 

precipitation with survival and fecundity. Summer weather could affect the owl’s 

condition going into winter and thus whether the owl reproduces or not. It could also 

affect growth and condition of juvenile or 1 year old owls and thus whether they 

reproduce as 1 year olds or 2 year olds. Summer temperature and precipitation could also 

affect the prey abundance of spotted owls. 

 

BC in Context 

Environment Canada also has climate data available for weather stations in B.C. 

so we gathered some values in hopes of gaining a general idea of climatic conditions in 

southern B.C. compared to northern Washington (Table 11). When comparing 1993 data 

from different locations, it is apparent that southern B.C. temperatures are substantially 

colder than those in northern Washington, whereas snowfall values appear greater in 

northern Washington. We caution against interpretation of this data in management until 

further study can be done to ensure a more accurate resolution of data from both B.C. and 

Washington. These are rough comparisons provided in an initial assessment and 

Washington data is much more coarse and based largely on estimation. 
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When comparing at a more equal resolution, we found that the mean annual 

precipitation in southwest mainland British Columbia varied generally from 40-100 

inches with precipitation exceeding 140 inches on the Cascade Range (Farley 1979). The 

northwestern Washington site WEN (N) that contains the Cascades has a mean annual 

precipitation varying from 32-128 inches. Lower values of mean annual precipitation are 

seen in southern Oregon study sites (CAS: 32-64 inches, KLA: 48-80 inches). 

As a result of a comparison between snow depth and spotted owl range in 

southwestern B.C., we were able to distinguish 3 areas that may be distinct in terms of 

mean juvenile survivorship: 1) relative juvenile northern spotted owl survivorship should 

be highest in the area from Hope, north to Lytton and Lillooet along the Fraser River 

Canyon and from Lillooet, southwest, to Lillooet Lake and Pemberton because snow 

depth is relatively shallow in these areas; 2) relative juvenile survivorship should be 

lowest at nest sites located from Vancouver, north to Squamish and Whistler, and west to 

Harrison Lake because snow depth is relatively high in these areas; and 3) relative 

juvenile owl survivorship should be moderate (i.e., transitional between wet coastal and 

dry interior values) from Hope, south to the Canada-U.S.A. international border because 

snow depths are relatively moderate in this area.  Because survivorship decreases with an 

increasing snow depth, it is important to note that owls inhabiting areas with relatively 

deep snow depths may be more susceptible to habitat disturbances. 

ALTON: Also in Farley there is data for frost free period in southwest B.C. 

as ranging from 60-100 days compared to northwest Washington sites OLY and 

WEN (N) which had a freeze free period of 120-240 days, and 120-150 days 

respectively. Compared to the southern Oregon values CAS  (30-90 freeze free days) 
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and KLA (120-180 freeze free days). Do you think this is useful to include as well?? 

Farley only had the two factors (mean annual precip and frost free period) for BC. 

 

Forest Type 

 In Figure 1, all of the means of juvenile survivorship, regardless of the forest type, 

lie below 0.500 in survivorship value (<50%). Because the sample sizes are small within 

each forest type, more data is needed to confidently infer trends in survivorship among 

forest types (Table 12). Southern British Columbia has similar major forest types to some 

of those represented in the Pacific Northwest (Washington and Oregon) study areas. 

British Columbia, within the provincial range of spotted owls, is mainly comprised by 

Coastal and Interior Douglas-Fir and Western Hemlock and also contains Ponderosa Pine 

in the interior (Farley, 1979).  

For future research considerations, it may be important to focus on possible clines 

along a cross-range gradient in vegetation types of southwestern British Columbia.  In the 

northern Cascade Range of Washington state, Hicks et al. (2003) found that owls holding 

territories in xeric vegetation zones (i.e., located on the eastern side of the range) tended 

to experience higher mortality rates than owls in mesic zones (i.e., located on the western 

side of the range).  The variation in mortality may be due to a greater abundance of 

predators, such as the northern goshawk (Accipiter gentilis) and the great horned owl 

(Bubo virginianus), in the xeric forests of the eastern Cascade Range, than in the mesic 

forests near, and to the west of, the Cascade crest.  And because owls in xeric forests 

tended to have a greater fecundity rate (Hicks et al. 2003), another factor involved in the 
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variation in mortality rates across vegetation zones may also be linked to the risks 

involved with greater frequency of nest attempts. 

Hicks et al. (2003) also found that the productivity of owls was weakly correlated 

with mean annual precipitation across an east-west gradient.  More significantly, they 

found variability in productivity across vegetation zones. Owls in xeric habitats on the 

east slope tended to produce more young on average than owls in mesic habitats near the 

Cascade crest and on the west slope.  Hicks et al. (2003) hypothesize that variation in 

population levels and diversity of prey species, as well as the ability of owls to 

successfully capture prey are major factors affecting the clines in productivity detected. 

 

Conclusions 

In this study, we assume that southern British Columbia is at least as cold and 

snowy as northern Washington. Thus, if northern Washington is low in survivorship and 

fecundity compared to other areas in the Pacific Northwest, then B.C. is likely to be at 

least as low in regards to survivorship. Because of British Columbia’s mountainous 

terrain, spotted owls in the province may face even lower survivorship than elsewhere, 

especially compared to southern portions of the Pacific Northwest. Based on the climatic 

variables that we examined, due to colder and harsher climates in B.C. compared to those 

the Pacific Northwest, we reason that spotted owls in British Columbia likely have lower 

survivorship than that determined for more southerly study areas.  

Trends in survivorship are broadly consistent with our expected results and 

increase confidence that colder and harsher winter climates are associated with decreased 

survivorship of spotted owls.  Fecundity relationships that have reasonable biological 
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explanations also support our finding that climate influences the population processes of 

spotted owls. We conclude that mean values of population parameters for the Pacific 

Northwest are likely higher than those that occur for spotted owls in British Columbia. 

Managers should be conservative when estimating survivorship and fecundity for spotted 

owls in British Columbia and use values lower than the means or use values from 

northern Washington.  

We caution against indiscriminate acceptance of some of our results. The 

presence of unexplained relations between environmental variables and survivorship and 

fecundity may simply be spurious correlations.  Based on statistical likelihood, we expect 

a small portion of 98 correlations to be spurious. Correlations that do not readily link to 

basic resources required by owls or are not somehow associated with their habitat may 

have no biological basis.  

Some of our results have strong biological rationales and have utility to 

management and conservation of spotted owls, both in British Columbia and elsewhere in 

the Pacific Northwest. We observed consistencies among many correlations. These 

consistencies, in part, occur because the environmental variables are likely correlated 

amongst each other, for example snowfall and winter precipitation are likely positively 

correlated. However, in part they may also reveal similar influences on factors that affect 

food intake and thermal losses (or gains) of owls at different stages of their lives both 

seasonally and among age classes. Habitat alterations could increase stresses from the 

climatically diminished thermal regime and food intake.  

Although it is useful to determine that southern British Columbia may have lower 

survivorship, the magnitude is unknown and likely differs inter-annually and among sub-
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regions within BC (e.g., Skagit, Lillooet Lake, and Vancouver Watersheds vs Merritt 

District). Perhaps the effects of climate on survivorship and fecundity explain why 

southern British Columbia is the northern limit of the range of northern spotted owls in 

North America. Is B.C. the point where owls cannot sustain themselves because 

survivorship is too low or fecundity is too low for the population to be viable? Given this 

range limit, B.C. may be a population sink relying on immigration from southern areas to 

augment its population. 

Many questions still remain about population processes in spotted owls. One issue 

is the role of variation in the status of owls at the limits of their range. For example, if a 

severe winter occurs every 5 or 10 years then can the owl population recover from short 

term but frequent declines? For long-lived species such as the northern spotted owl, this 

variation may be important to long term population viability. 

 

Guidance to Managers 

Our study is a compilation of research from different areas and different sources. 

Hence, we recommend caution be applied in its interpretation for the management of 

spotted owls in British Columbia. Because British Columbia is likely different than the 

majority of the Pacific Northwest, we expect that spotted owls in B.C. may have lower 

survival and possible fecundity due to climatic factors. Thus models must be conservative 

and not use mean values for the whole of the species’ range. Values for Northern 

Washington could be used as initial parameters until further research has been performed 

and specific estimates from gathered for BC.  
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If further study were pursued, we recommend more accurate forms of 

measurement. Sources of error in our study include hand measurement and/or estimation 

error. Although maps were enlarged to minimize distortion, this could affect the results. 

The use of GIS would be a more precise method of data gathering data from maps. 

Environmental data from British Columbia would need to be gathered, and the specific 

relationships between northern spotted owl survival and fecundity and environmental 

variables examined. This would aid in determining the biological rationales for 

correlations that in our study were subjective. A larger sample size of study sites would 

help to increase confidence in the results. 

 Because Franklin et al. (2000) found that spring climate conditions are important 

in determining survival and reproductive output in northern spotted owls, we would 

suggest further study into spring- and winter-climate focused relationships in BC and the 

Pacific Northwest in terms of survival and fecundity of northern spotted owls. We would 

also recommend collaboration between Canada and the United States on forest type 

classification so that the entire northern spotted owl population could be studied as a unit 

leading to more precise results. It is of urgent importance to understand how climate 

affects endangered species such as the northern spotted owl due to the great uncertainty 

of trends in future climates.  

After correlating 15 (includes habitat type) broad environmental variables with 

population parameters (specifically survival and fecundity) from Franklin et al. (1999), 

we found more significant results than we expected. From the results, it appears that 

survivorship and fecundity of northern spotted owls are affected in areas with harsh 

winter conditions and extreme summer conditions. Because British Columbia may 
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contain a harsher winter climate than Northern Washington, mean values of survivorship 

and fecundity are not appropriate for B.C. Mean values of population parameters for the 

Pacific Northwest are likely over-estimates for British Columbia and so we recommend 

that managers are more conservative when estimating survivorship and fecundity for 

spotted owls in British Columbia. 
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Table 1. Climatic and environmental variables derived from Jackson and Kimerling 
(1993) and used in our analyses. They are grouped by broad environmental 
processes. The biological rationales are provided for possible effects on Spotted 
Owls.  

 
Environmental Variable Used Possible Biological Rationale 

 
1. Snowfall (mean annual inches MAI) Influences winter climate and prey 

availability 
2. Winter Precipitation (MI Dec, Jan, Feb) Influences thermal regime 
3. Summer Precipitation (MI Jun, Jul, Aug)   Influences thermal regime 
4. Annual Precipitation (MAI) Affects thermal regime, understory 

vegetation density, and prey availability 
5. Days with Precipitation (MA # > 0.01 I) Influences thermal regime 
6. Frequency of Dry Years (% years < 15  
     inches precipitation) 

Expression of the inter-annual variation in 
precipitation within climate regime. Could 
reveal conifer cone crops, prey variance 

7. January Maximum Temperatures (M�F) Affects over winter survival  
8. January Minimum Temperatures (M�F) Affects over winter survival  
9. July Maximum Temperatures (M�F) Affects summer survival 
10. July Maximum Temperatures (M�F) Affects summer survival 
11. Freeze Free Period (MA days) Affects length of winter, length of plant 

growing period for prey production 
12. January Sunshine (M total hours) General climate 
13. July Sunshine (M total hours) General climate 
14. Days with Dense Fog (MA days) Integrated variable 
15. Forest type Integrates many environmental variables 
 
 

Table 2. Abbreviations for environmental variables used in the tables and other results. 

1. Snowfall  Snowfall 
2. Winter Precipitation Winter ppt 
3. Summer Precipitation  Summer ppt 
4. Annual Precipitation  Annual ppt 
5. Days with Precipitation  Days ppt 
6. Frequency of Dry Years  Freq dry yr 
7. January Maximum Temperatures Jan Max 
8. January Minimum Temperatures  Jan Min 
9. July Maximum Temperatures  July Max 
10. July Maximum Temperatures  July Min 
11. Freeze Free Period Freeze Fr P 
12. January Sunshine  Jan Sun 
13. July Sunshine  July Sun 
14. Days with Dense Fog Days D Fog 



 March 15/04    Main and Harestad      29 

 29

 
Table 3. Spearman Rank Correlation Coefficients (rs) and two-tailed statistical 
probabilities (P) between environmental variables and mean survivorship of Spotted 
Owls for study areas in Oregon and Washington.  

 
Mean Juv Surv     
n = 13 

Mean 1yr Surv 
n = 14 

Mean 2yr Surv 
n = 14 

Mean Ad Surv 
n = 14 

 

rs, P rs, P rs, P rs, P 
Snowfall -0.682**, 0.01 -0.093,  0.752 -0.288,  0.318  -0.129,  0.662 
Winter ppt  0.390,  0.188  0.520,  0.056  0.333,  0.244  0.356,  0.212 
Summer 
ppt 

-0.167,  0.584  0.212,  0.468  0.461,  0.098  0.472,  0.088 

Annual ppt -0.222,  0.466  0.269,  0.352  0.084,  0.776  0.197,  0.500 
Days ppt  0.229,  0.452  0.061,  0.834  0.334,  0.242  0.246,  0.398 
Freq dry yr -0.624*,  0.022 -0.194,  0.506 -0.598*,  0.024 -0.303,  0.292 
Jan Max 0.723**,  0.006  0.081,  0.782  0.373,  0.188  0.065,  0.826 
Jan Min 0.649*,  0.016  0.056,  0.850  0.279,  0.334  0.012,  0.968 
July Max  0.146,  0.632 -0.016,  0.958  0.152,  0.604 -0.034,  0.908 
July Min  0.609*,  0.028  0.070,  0.812  0.419,  0.136  0.208,  0.474 
Freeze Fr P   0.555*,  0.050  0.197,  0.500  0.122,  0.678  0.031,  0.916 
Jan Sun  0.180,  0.556 -0.071,  0.810 -0.188,  0.520 -0.234,  0.420 
July Sun -0.571*,  0.042 -0.324,  0.258 -0.551*,  0.042 -0.376,  0.186 
Days D 
Fog 

0.807**, 0.001  0.301,  0.296  0.472,  0.088  0.215,  0.462 

** correlation significant at 0.01 level (2-tailed) 
*   correlation significant at 0.05 level (2-tailed) 
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Table 4. Spearman Rank Correlation Coefficients (rs) and two-tailed statistical 
probabilities (P) between environmental variables and mean fecundity of Spotted Owls 
for study areas in Oregon and Washington. 
 

Mean 1yr Fec      
n = 12 

Mean 2yr Fec  
n = 14 

Mean Ad Fec   
N = 14 

 

rs, P rs, P rs, P 
Snowfall 0.635*,   0.026 0.279,   0.334 0.596*,   0.024 
Winter ppt -0.042,   0.896 0.013,   0.964 -0.171,   0.558 
Summer ppt 0.196,   0.542 -0.225,   0.438 -0.029,   0.922 
Annual ppt 0.113,   0.726 0.121,   0.680 0.147,   0.616 
Days ppt -0.088,   0.784 -0.339,   0.236 -0.498,   0.070 
Freq dry yr 0.243,   0.784 0.680**,   0.008 0.790**, 0.001 
Jan Max -0.410,   0.186 -0.455,   0.102 -0.762**,   0.002 
Jan Min -0.264,   0.406 -0.333,   0.244 -0.647*,   0.012 
July Max -0.165,   0.608 -0.349,   0.222 -0.243,   0.404 
July Min -0.586*,   0.046 -0.343,   0.230 -0.635*,   0.014 
Freeze Fr P -0.449,   0.144 -0.114,   0.698 -0.436,   0.118 
Jan Sun 0.088,   0.786 0.139,   0.636 0.022,   0.942 
July Sun 0.217,   0.498 0.511,   0.062 0.671**,   0.008 
Days D Fog -0.336,   0.284 -0.354,   0.214 -0.662**,   0.010 
** correlation significant at 0.01 level (2-tailed) 
*   correlation significant at 0.05 level (2-tailed) 
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Table 5. Correlations with environmental variables that appear to have clear links to 
ecological factors that could affect survivorship of Spotted Owls.  
 
Correlation Result (rs, P) Possible Biological Rationale 
Snowfall/Juv surv (-0.682, 0.01) �� Decreased prey availability and    

increased heat losses. 
Jan Max/Juv surv 
Jan Min/Juv surv 

(0.723, 0.006) 
(0.649, 0.016) 

�� Warmer temperatures decrease heat 
loss and increase over-winter 
survivorship. 

Freeze Fr P/ Juv 
surv 

(0.555, 0.050) �� Warmer temperatures stop heat loss 
thus increases survival. 

 
Table 6. Correlations with environmental variables that do not have clear links to 
ecological factors that could affect survivorship of Spotted Owls. 
 
Correlation Result (rs, P) Possible Biological Rationale 
Freq dry yr/Juv 
Surv 
Freq dry yr/2yr 
Surv 

(-0.624, 0.022) 
 
(-0.598, 0.024) 

�� May indicate decreased winter 
precipitation and thus increase food 
availability and decrease thermal heat 
loss thus leading to increased survival. 

July Min/ Juv Surv 
 

(0.609, 0.028) �� Lower summer temperatures may 
reduce drought leading to higher prey 
availability and thus higher 
survivorship. Thus, survivorship 
should increase with decreasing July 
minimum Temperature 

Days D Fog/Juv 
Surv 
 

(0.807, 0.001) �� Perhaps a variable that integrates a 
range of environmental conditions.  

 
Table 7. Correlations with environmental variables that are difficult to associate with 
factors that could affect survivorship of Spotted Owls.  
 
Correlation Result (rs, P) Possible Biological Rationale 
July sun/ Juv Surv 
July sun/ 2yr Surv 

(-0.571, 0.042) 
(-0.551, 0.042) 

�� Increased drought leading to decrease 
in prey quality? 
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Table 8. Correlations with environmental variables that appear to have clear links to 
ecological factors that could affect fecundity of Spotted Owls.  
 

Correlation Result (rs, P) Possible Biological Rationale 
July Min/1yr Fec 
July Min/Ad Fec 

(-0.586, 0.046) 
(-0.635, 0.014) 

�� Lower summer temperatures may 
reduce drought leading to higher prey 
availability and thus more energy for 
reproduction. Thus, fecundity should 
increase with decreasing July 
minimum Temperature 

 
Table 9. Correlations with environmental variables that do not have clear links to 
ecological factors that could affect fecundity of Spotted Owls. 
 
Correlation Result (rs, P) Possible Biological Rationale 
Snowfall/1yr Fec 
Snowfall/Ad Fec 

(0.635, 0.026) 
(0.596, 0.024) 

�� Decreased prey availability and    
increased thermal losses due to 
snowfall should lead to less energy 
acquisition to reproduction so 
fecundity should decrease.  

Freq Dr Yr/2yr Fec 
Freq Dr Yr/Ad Fec 

(0.680, 0.008) 
(0.790, 0.001) 

�� No obvious biological rationale 

Jan Max/Ad Fec 
Jan Min/Ad Fec 

(-0.762, 0.002) 
(-0.647, 0.012) 

�� Warmer temperatures decrease heat 
loss and leave more energy to be 
allocated to reproduction. Thus, 
fecundity should increase with 
increasing winter temperatures. 

Days D Fog/Ad 
Fec 

(-0.662, 0.010) �� Perhaps a variable that integrates a 
range of environmental conditions. 

 
Table 10. Correlations with environmental variables that are difficult to associate with 
factors that could affect fecundity of Spotted Owls. 
 
 
Correlation Result (rs, P) Possible Biological Rationale 
July Sun/2yr Fec (0.511, 0.062) �� Increased drought leading to decrease 

in prey quality? 
July sun/Ad Fec  (0.671, 0.008) �� Increased drought leading to decrease 

in prey quality? 
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 Table 11. General Climate Comparison between Southern British Columbia and 
Northern Washington. 
 
Study 
Sites 

Southern British Columbia                        Northern Washington 

 Abbotsford Osoyoos Grand 
Forks 

Rossland WEN(N) WEN OLY 

Jan max 
Temp 
(deg C) 12.1 6.5 5.5 2 -1.1 0.8 4.4 
Jan Min 
Temp 
(deg C) -16.4 -20.5 -30 -19 -12.2 -9.1 -1.1 
Snowfall 
(cm) 57.6 47 165 278.9 635 523.2 76.2 
Mean 
Annual 
ppt (mm) 1287.9 369.6 901 889.9 2032 1828.8 3048 
Winter 
ppt (Dec, 
Jan, 
Feb, cm) 38.7 7.9 50.1 27.2 43.18 45.72 101.6 
 
 
Table 12. Juvenile Survivorship and Forest Categorization for study sites in Washington 
and Oregon from Franklin et al. (1999).  
 
Study sites in Oregon 
and Washington Forest Categorization 

Juvenile 
Survivorship 

AST             WHZ 0.378 
CAS             CSF 0.284 
CLE             GFD 0.195 
EEU             WHZ 0.159 
ELC             WHZ 0.394 
HJA             WHZ 0.305 
KLA             MFZ 0.364 
OLY             WHZ 0.252 
RAI             CSF  
TYE             WHZ 0.446 
WEN (N)  GFD 0.143 
WEN (M)  CSF 0.143 
WEN (S)  PPZ 0.143 
WSR             PPZ 0.064 
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Figure 1. Mean and 95% confidence intervals of juvenile survival for 12 study areas in 
Oregon and Washington grouped by major forest type. Cascade Subalpine Forest Zone 
Complex – CSF, Grand Fir and Douglas-fir Zones – GFD, Ponderosa Pine Zone – PPZ, 
Western Hemlock Zone – WHZ, Mixed Needleleaf-Broadleaf Forest Zone Complex. The 
unlabeled X axis values are those from northwestern California study sites.  
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Figure 2. Relationship between Mean Juvenile Survival of Northern Spotted Owls and 
Mean Annual Snowfall in Oregon and Washington. rs : -0.682, P< 0.05  
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Figure 3. Relationship between Mean Juvenile Survival of Northern Spotted Owls and 
the Freeze Free Period in Oregon and Washington. rs : 0.555, P< 0.05  
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