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Six sites within the Boreal Forest of northern Manitoba, Canada were selected for net primary production (NPP) measurement. Transects were laid out at each site in an “L” format. Along these L’s there were approximately ten 60 cm2 moss plots.   Sections (polygons) with relatively homogenous moss cover were delineated within these plots, percent cover of each moss species within each of these polygons was recorded, and the plots were digitally photographed. The size of each polygon within each photograph was measured using ArcGIS software (v. 9, ESRI Inc.).  Percent cover for each moss species within each plot was then calculated based on percent cover of that individual species within each polygon and polygon size. 

In late May/early June 2004, the seven most abundant moss species (Table 1), if present at a site, were dyed in locations where they occurred in generally unmixed populations. Fluorescent dye (Fluorescent Brightener 28 Free acid, Sigma Aldrich) was applied in a thin, even layer. Samples were extracted from these locations in mid-September, 2004 using a 4.8 cm diameter core attached to a Makita drill (Nadler and Wein, 1998).  Where possible, three cores were sampled in each moss-dye plots.  Samples were stored in Ziploc bags and kept cool throughout storage and shipping.  Notes such as percent shading and understory type were also recorded at each sample location. Because some moss growth occurred pre- and post-dye, it should be noted that these measurements represent a minimum estimate for annual production. 

Once in the lab, samples for all but one species (see below) were processed stem-by-stem under a black light.  New growth was defined as the upper part of each stem without fluorescent reflectance. This new growth was measured and harvested.  Due to the large number stems per core and number of cores, we estimated the number of stems that needed to be measured within each core to reach a stable mean and standard deviation.  First, one sample per site and a triplicate set of samples at one site was processed completely (i.e., all stems measured).  Next, cumulative averages and standard deviations were calculated based on these samples (see figures at end of document).  These figures were used to determine where additional counting no longer necessary.  To determine the reliability of counting only a subset of stems, we calculated the bound (B) for each species (Table 1), at a 95% confidence interval, using the following equation:

B = zα/2 (σ/√n)

where zα/2 is the Z score for a 95% confidence interval (or t-score for sample sizes ≤ 30), σ is the standard deviation (of the cores for which all stems were counted), and n is the number of samples being measured.  We also found that the variation within a plot was as large as between sites.  Therefore, all cores were processed. 


Annual growth for two species, Hylocomium sp. and Polytrichum sp., was measured using natural markers, and compared to the dye method (Callaghan et al., 1978; Collins, 1976; Okland 1995).  Annual growth for Hylocomium sp. was assumed to be the last ‘stair-step’ of each live stem.  Annual growth for Polytrichum sp. was assumed to be the uppermost segment of moss (with smaller leaves bracketing each segment).   Comparison of annual marker versus dye for Hylocomium sp. appeared to result in underestimates of NPP by the dye method by an average of 36%, a finding similar to other studies (Harden, per. com.).  The leaves of Polytrichum sp. did not appear to absorb the dye.  New growth from all species, regardless of method, was oven dried below 65°C to a constant weight.  

Stem density was measured by counting each live stem within a given core.  Potential NPP (g/m2) for each species at each site was calculated as the average new growth per stem (g) times average stem density (#/m2).  Potential NPP error was calculated using the simple propagation of error formula (equal to the square root of the individual errors).  NPP (g/m2) for each species at a site is equal to its site-specific potential NPP multiplied by the percent cover of that moss for that site.  For sites where a moss species was present and potential NPP was not measured, average Potential NPP of all sites was used. 
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Table 1.  A list of the moss species sampled for moss cover and NPP measurements.  The column labeled # of stems measured (n) represents the number of stems after which the average stem growth (cm) was deemed stable.  Once this value was determined, samples cores processed after this point only had that number of stems measured for growth (see text for more information).  To estimated the reliability of counting this number of stems we calculated the bound (B) of each moss species based on a 95% confidence interval (zα/2), and the species-specific standard deviation (σ).

	Moss type:
	# stems measured (n)
	Β (cm)
	 (cm)
	zα/2 

	Hylocomium sp.
	10
	 0.260
	0.36
	2.26*

	Pleurozium sp.
	20
	0.250
	0.54
	2.09*

	Tomenthypnum sp.
	60
	0.110
	0.43
	1.96

	Polytrichum sp.
	60
	0.058
	0.23
	1.96

	Dicranum sp.
	80
	0.053
	0.24
	1.96

	Aulacomnium sp.
	60
	0.100
	0.41
	1.96

	Ceratodon sp.
	85
	0.051
	0.24
	1.96


*tα/2 (for small sample (n ≤ 30) 95% confidence interval)

The figures below show cumulative averages with the inclusion of additional stem measurements.  These figures were used to determine the number of stems that should be measured within each core to gain an accurate estimate of stem growth.
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