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Introduction

In southwestern British Columbia, 
the South Submaritime (ssm) seed 
planning zone is a geographically and 
ecologically complex transition zone 
between the Pacific coast and the inte-
rior plateaus. The ssm follows a long, 
narrow band along the Coast Range 
(Figure 1), and is characterized by steep, 
incised valleys. The highly variable cli-
mate is strongly influenced by prevail-
ing warm, moist maritime air masses, 
and towards the east it is characterized 
by a cool, dry continental climate. 

Throughout the ssm, survival rates 
of the 1.3 million annually planted 
Douglas-fir seedlings are far below 
those that are typical or expected for 
post-harvest plantations: below 8% 
by age 3, declining to under 7% by 
age 5 (Ministry seedling survival da-
tabase; Hunt ), compared to typi-
cally over 95% at comparable ages for 
most operational areas. Douglas-fir is 
approximately 4% of the harvested 
volume (biogeoclimatic subzone aver-
ages within the ssm range from 36 
to 65%) and is the preferred species 
on most sites. Most of the seedlings 
currently planted in the ssm originate 
from seed orchard #181 that produces 
Class A seed bred to increase yields 
and maintain adaptability to the 

planting site throughout the ssm (For-
est Genetics Council 1). 

 Current seed transfer standards 
in the ssm are based on the principle 
that local seed is best adapted to a site 
and specify that seedlings used for re-
forestation must be used within °N, 
1°S, °E, no limit west, and 35 m up 
or down from its origin (Snetsinger 
5). However, recent trials sug-
gest these standards could be overly 
restrictive and may limit performance 
of planted Douglas-fir (Hunt 3).  
In 1996, a long-term series of prove-
nance trials (e.p. 1) was established 
to: (1) describe patterns of genetic 
variation for Douglas-fir in the ssm; 
() compare the growth performance 
of ssm seed sources with coastal, 
interior, and intra-specific hybrids in 
the ssm; and (3) provide data to refine 
seed transfer guidelines in the region. 
This report presents 1-year results 
and attempts to determine whether 
current restrictions on seed transfer 
are aligned with adaptive patterns of 
Douglas-fir for this region, or whether 
the standards should be revisited. 

Methods

The test populations (“sources”) 
were grown from open-pollinated 
seed collected in 1993 from up to five 
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figure 1 Location of test sites (triangles), seed planning zone outlines, and tested coastal Douglas-fir populations. 

trees from each of 43 natural stands 
sampled along latitude and elevation 
gradients in four major river drain-
ages within the ssm (Figure 1, Table 1; 
Woods and Jaquish 1995). In 1996, five 
field tests were established across the 
ssm; four remain and were assessed 
here. One-year-old seedlings grown 
in psb 415 Styroblock containers were 
planted at 3 x 3-m spacing in single-
tree plots in seven blocks per site. 
Vegetation was manually controlled 
as needed. Trials also included an 
open-pollinated interior Douglas-fir 

seedlot collected around Adams Lake 
(“interior”), a seedlot composed of 
several control-pollinated coast– 
interior hybrids (“hybrid”), and a 
seedlot composed of full-sib families 
of top-performing parents from the 
Maritime seed planning zone (“top 
cross”). The non-ssm (interior, hy-
brid, and top cross) seedlots are too 
spatially and ecologically removed 
from the ssm to permit their current 
operational use within the ssm and 
results are experimental only.

Populations were collected in a 

design that aimed to represent three 
elevation categories (low, mid, high) 
along transects within a series of 
watersheds between Bella Coola and 
Hope. Preliminary analyses revealed 
that the effects of collection site 
elevation and watershed were not 
significant, so sources were analyzed 
individually.

While measurement and condi-
tion data such as frost damage and 
form were collected periodically, only 
age  condition and age 1 height 
and survival responses (Best Linear 
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Unbiased Predictions) are analyzed 
here. Survival was tested as a binomial 
(logit) function, while height had a 
normal distribution. Significance of 
random effect variance components 
was tested using log-likelihood ratios 
(Pinheiro and Bates ). Statisti-
cal significance was set at α = .5, 
with Bonferroni multiple comparison 
adjustment. Models test separate sites 
(Equation 1) and all sites combined 
(Equation ): 

y jklm j k jk jkl m= + + + + ( )µ εB P BP  (1)

yijklm i j i k

ik kj i ij

= + + ( )

+ ( ) +

( )
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SP PB S kkl m( )
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Description Lillooet River Railroad Salloompt Talchako
Sources tested 36 32 32 32
Families tested 157 135 137 139
Trees 1402 1236 1248 1270
Location
Latitude (°N) 50.6 50.6 52.5 52.3
Longitude (°W)  123.3 123.0 126.6 126.0
Elevation (m) 230 963 150 403
Biogeoclimatic ecosystem classificationa CWHds1 CWHms1 CWHms2 CWHds2
Site
Mean aspect (°) 280 115 270 105
Mean slope (%) 3 20 3 17
Soil depth (cm) >100 >100 40 20
Drainage good good moderate rapid
Annual climate
Mean annual temperature (mat), (°C) 5.1 4.0 6.4 5.1
Mean warmest month temperature (mwmt), (°C) 15.7 14.2 15.0 14.7
Mean coldest month temperature (mcmt), (°C) –5.7 –6.1 –2.1 –4.6
Continentality (mwmt–mcmt) 21.4 20.3 17.1 19.2
Mean annual precipitation (map), (mm) 1419 1440 2057 821
Mean summer precipitation (msp), (mm), (May to September) 307 343 453 183
Annual heat: moisture index [(mat+10)/(map/1000)] 10.7 9.7 8.0 18.3
Summer heat: moisture index [(mwmt+10)/(msp/1000)] 51.2 41.3 33.1 80.4
Number of frost-free days 180 163 223 179
Continuous frost-free period (days) 105 84 139 99
Precipitation as snow (mm snow-water equivalent) 529 598 392 282
Extreme minimum temperature (°C) –34.2 –35.3 –26.2 –32.0

table 1 Test materials and site characterization of four field test sites. Climatic variables were obtained from ClimateBC 3.2.1 based on  
1971–2000 normals (see Wang et al. 2006 for details).

where y is the response variable, μ is 
the fixed overall mean (intercept), S 
is the random effect of the ith site, B is 
the random effect of the jth block nest-
ed within site, P is the random effect 
of the kth source, ε is the error term 
associated with the mth individual 
tree measurement (true experimental 
error), and the remainder are interac-
tions between model effects. 

Results

Early survival
The more coastal sites, Salloompt and 
Talchako, had no damage apparent at 
age , unlike the interior sites Railroad 
and Lillooet River. Interior and hybrid 
sources suffered similar or less damage 

than ssm sources, but top crosses fared 
the worst of all groups at each site, 
either in terms of damage or mortality 
at age , with only 48% (Salloompt) to 
78% (Talchako) of trees escaping dam-
age or death. 

Height and survival
Analysis of variance (anova) parti-
tioned most variation in age 1 height 
and survival into residual variance, 
rather than among sources (Tables 3 
and 4). Residual error variance included 
within-family variance (for height: 1% 
for all sites, up to 8.6% at Salloompt; 
for survival: .1% for all sites, % at 
individual sites), as our objective was 
to quantify provenance differentia-
tion. Environmental variability among 

a CWH: Coastal Western Hemlock zone; ds: dry submaritime subzone; ms: moist submaritime subzone; 1: southern variant; : central variant.
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Component Height age 10 Survival age 10

Site 67% 0%

Block(Site) 5% 3%

Source 1% 0%

Site*Source 1% 0%

Block 0% 0%

Source*Block(Site) 0% 0%

Residual 26% 97%

all four test sites (Table 1) precluded 
distinguishing site effects from climatic 
effects on performance. There were 
no consistent relationships across sites 
between height and survival and the 
climatic and geographic variables, re-
flected in the lack of consistent, signifi-
cant population variance in the anova. 

Many sources changed ranks across 
the four sites. Often sources that 
performed well at a richer site (Lillooet 
River or Salloompt) did moderately 
well or poorly at a harsh site (Railroad 
or Talchako), and vice versa, but there 
was no systematic pattern. Ranks var-
ied with age: top performers at ages  
or 3 did not generally sustain good per-
formance to age 1. Age 6 ranks were 
more consistent with age 1 ranks, but 
there were still numerous changes in 
population ranks between the top and 
middle thirds, and between the lower 
and middle thirds by age 1.

Figure  shows that hybrid and inte-
rior sources grew and survived as well 
or better than ssm sources, on average, 
at all sites. The ssm sources survived 
well at each test site, exceeding 85% 
survival at all but Salloompt, where 
no source achieved the typical silvi-
culturally acceptable threshold of 8% 

survival. Top cross sources suffered 
heavy early mortality, typically by age 
. Top cross had the worst survival ev-
erywhere but Lillooet River and failed 
to meet the 8% threshold at all other 
sites, although individual trees that 
survived had average or better height 
growth for a given site (Figure ). 

Discussion

In the ssm, survival of planted stock 
is more important than rapid height 
growth when the objective is a 
healthy, well-stocked, free-growing 
stand. Mortality due to summer 

drought, frost damage in early spring, 
stem breakage due to snow (especially 
on maritime sites and grassy slopes), 
and poor performance in wetter sites 
are the primary causes of poor seed-
ling performance in the region (Scagel 
et al. 1989; Spittlehouse and Childs 
199; Hunt , 4). Population 
variation among submaritime sources 
appears to have less influence on 
Douglas-fir than do site factors.

Growth performance of tested 
coastal Douglas-fir populations in the 
Maritime seed planning zone had no 
consistent relationship with climate, 
which supports the suggestion of  

table  Site mean damage and population range at each site for 2-year-old seedlings 

Frost damage Lillooet River Railroad Salloompt Talchako

None 66% (40–86) 91% (66–100) 87% (48–100) 95% (78–100)

Slight damage 21% (10–37)  4% (0–11)   0% (0–0)  0% (0–0)

Considerable damage on few lateral branches 5% (0–14)  1% (0–6)  0% (0–0)  0% (0–0)

Dead (all causes) 8% (0–17)  4% (0–23)  13% (0–52)  5% (0–22)

table 3 anova results by test site, showing the percentage of variance contributed by each component; significant (p ≤ 0.05) parameters 
are underlined 

table 4 anova results across pooled sites showing the percentage of variance contributed 
by each component; significant (p ≤ 0.05) parameters are underlined 

Lillooet River Railroad Salloompt Talchako

Component Height Survival Height Survival Height Survival Height Survival

Source 5% 1% 0% 2% 7% 0% 4% 0%

Block 29% 4% 8% 0% 3% 4% 7% 2%

Source*Block 0% 0% 3% 0% 0% 1% 0% 0%

Residual 67% 95% 89% 98% 89%    94% 89% 98%
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Krakowski and Stoehr (9) that 
coastal Douglas-fir is an adaptive 
generalist. Early physiological trials 
that tested a small sample of the source 
material used in these trials found dif-
ferences only between sources from the 
very mildest and most interior climatic 
and elevation extremes of the collec-
tion range (Grossnickle 5). Also, 
those differences were apparent in only 
a few traits. Ranks changed among 
sources between early assessments and 
age 1, implying that selections made 
before age 1 may not deliver expected 
results at rotation age. Based on these 
results, and the lack of strong climatic 
associations observed in ssm Douglas-
fir sources, we suggest that seed trans-
fer restrictions in this region be relaxed 
to increase deployment options.

•	 Maritime	Low	seed	should	not	be	
planted in the Submaritime seed 
planning zone. Top cross Class A 
seedlots from the Maritime Low 
spz were maladapted to the Sub-
maritime zone (Figure , Table ) 
in terms of early survival and early 
frost damage, although surviving 
trees grew well on less stressful sites. 

•	 Maritime	High	seed	should	not	be	
planted in the Submaritime seed 
planning zone until additional 
test sites can be established. Until 
systematic testing of high-elevation 
Maritime Class A and B seed is 
implemented to determine its suit-
ability for use in the Submaritime 
zone, adhere to the Chief Forester’s 
Standards for Seed Use. Class A 
seed may exhibit different patterns 

Recommendations

•	 South	Submaritime	Class	B	source	
material can be transferred broadly 
anywhere within the South Subma-
ritime seed planning zone. Increase 
the number and environmental rep-
resentation of test sites. Submaritime 
sources had comparable survival to 
other tested sources and no signifi-
cant or consistent population dif-
ferentiation. Performance depends 
more on the ecological suitability of 
the site than on population origin. 
It is necessary to test populations 
across a broader range of climates, 
and consider replicating test site cli-
mates to adequately quantify the risk 
associated with transfers of Douglas-
fir in this region. 

figure  Mean age 10 height (top) and survival frequency (± 1 standard error) for Douglas-fir sources tested at four Submaritime sites;  
different letters indicate significant differences at a site (one-way anova, Bonferroni multiple range test).  
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The use of trade, firm, or corporation names in this publication is for the information and  
convenience of the reader. Such use does not constitute an official endorsement or approval by 
the Government of British Columbia of any product or service to the exclusion of others that 
may also be suitable. This Extension Note should be regarded as technical background only.  
Uniform Resource Locators (urls), addresses, and contact information contained in this  
document are current at the time of printing unless otherwise noted.
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of adaptation than Class B seed, 
given its different genetic composi-
tion. Douglas-fir provenance tests 
(e.p. 599, unpublished data) showed 
good survival of Class B Maritime 
High origin material on Submari-
time test sites and vice versa (>95% 
for nearly all cases), but most 
sources were tested only on one site.

•	 Planting	interior	or	coast–interior	
hybrid seed in the Submaritime seed 
planning zone is not recommended 
until additional test sites can be 
established. Sources with interior ori-
gin (hybrid and interior) had good to 
average survival and growth. Class A 
and B interior seed needs systematic 
testing with more sources, including 
sources from adjacent seed planning 
zones, to support any revision to 
seed transfer standards within the 
Submaritime zone.
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