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Aboveground Biomass and Soil Organic Matter as a Function of Planting Strategy and Water Depth in Six Experimental Wetland Cells After One Year of Planting
Rachel Cohn, Gavin M. Platt, and H. Siv Tang

Abstract
Aboveground biomass and soil organic matter (SOM) contribute to wetland functions such as nutrient retention (Mitsch 1993) and carbon storage, and are thought to be controlled in part by water depth and species diversity (Callaway 2003, Weiher 2004). In addition, aboveground biomass provides a direct measurement of productivity (Ricklefs et al. 1999), and SOM contributes to water holding capacity and cation exchange capacity (CEC) (Chapin et al. 2000); all are important to ecosystem health. Previous studies have shown that restored wetlands generally exhibit a lower level of ecosystem functioning and stability than natural wetlands (Zedler 2003). One approach to maximizing ecosystem productivity and stability is to choose  optimal hydrological conditions and a planting strategy that maximizes aboveground biomass and soil organic matter (SOM). Although many different planting strategies are used in reconstructing wetlands there has been little research done to determine which planting strategies are most effective at producing the level of biomass and SOM found in natural wetlands  and the time-scale needed to achieve these levels. To address this issue, we measured biomass and SOM in six hydrologically isolated experimental wetland cells (1/2 acre each) subjected to two different planting regimes. Four of the cells were planted with a diverse range of seeds and propagules, first in fall of 2003 with a second propagule planting to replace plants that had not survived in summer of 2004. Two of the cells were subjected to natural recruitment alone. Each cell varies in depth by approximately two meters from shallow to deep.  We also sampled at two different depths in each of the six cells to determine whether biomass and SOM were functions of the extent of inundation by standing water. We found that even after just one year since creation, overall and within the planted cells, biomass was a function of depth (p=.04 and .01, respectively). A relationship between planting strategy and biomass or SOM is not yet evident. This study is valuable in that it will serve as a baseline for future research on how biomass and SOM change over time.  [another sentence describing the larger implications of this work would be appropriate]

Introduction/Background

Wetland ecosystems serve many important functions such as wildlife habitat and biodiversity support, flood abatement and nutrient filtration (Mitsch 1993, Kvet 1998, Zedler 2003). Wetlands also tend to exhibit high productivity levels slow rates of decomposition, making them a potentially significant “carbon sink.” Increased land-use and development in the U.S. have led to enormous reductions in wetland cover: 97% have been lost in Ohio alone (Petersen 2004). In light of the alarming decrease in wetlands and an increase in global atmospheric CO2 concentrations, and motivated by an understanding of the valuable ecosystem services wetlands provide, restoration ecologists have advocated recreating wetland ecosystems on a large-scale. It has been observed, however, that restored wetlands often fall short of their naturally occurring counterparts in terms of biotic structure, functioning, and stability (Zedler 2000, 2003). Although many different planting strategies are used, comparisons of different planting strategies [again, planting strategies could mean many different things – be specific]. Researchers have speculated that there is a relationship between species richness and biomass (Weiher et al. 2004, Callaway et al. 2003). Biomass is an important measure of ecosystem productivity (Ricklefs et al 1999). When plant biomass decomposes it becomes soil organic matter (SOM), which affects important ecosystem processes such as water holding capacity, cation exchange capacity (CEC) and nutrient storage (Chapin et al. 2000). Research at EDIC has not been done to determine whether biomass and soil organic matter are a function of planting strategy or depth and we do not know how early these relationships appear in constructed wetlands.  [It is best to make the case that this research is important to the field in general rather than to the particular site – your research is important if it is relevant to the larger community]
Another crucial aspect of wetlands restoration is creating the most appropriate hydrological conditions. Having different depths is important for wildlife habitat and species diversity.  Different depths may also lead to differences in plant biomass and productivity. We hypothesized that seasonally inundated areas would have higher levels of biomass than areas that are permanently saturated because there is more oxygen in the soil. We also hypothesized that SOM would be higher in deeper areas that are completely inundated because anaerobic conditions slow the rate of decomposition and would allow SOM to accumulate. [good hypotheses]
Our study is a subset of a long-term research project that is occurring at the EDIC experimental wetlands in Oberlin, Ohio. The wetlands were created in six separate experimental wetlands cells in May 2003, with two different planting treatments, one that has been left to naturally recruit and one that has been planted and seeded twice and therefore has higher species diversity. Differences are already quite evident in species composition in the EDIC wetland cells exposed to the two planting strategies, but it is unknown whether biomass differs between planting strategies or at different depths. We hypothesized that repeated planting would lead to greater diversity, which would lead to more biomass. Although amounts of biomass have been found to be similar in reconstructed and reference natural wetlands (Cole et al. 2000), many studies have shown that SOM levels are lower in reconstructed wetlands (Shaffer and Ernst 1999, Cole et al. 2000). Low SOM concentrations have been associated with reduced levels of function, including poor establishment and growth of vegetation, poor habitat for invertebrates and fish, and altered nutrient cycling (Shaffer and Ernest 1999). Although SOM is decomposed biomass, there is little evidence to indicate that plant biomass in created wetlands actually finds its way into the soil as organic matter (Callaway 2003). If this is the case at EDIC, it is important to know because it might translate into a lack of function in the restored wetlands (Cole 2000). 

For our specific study, in November 2004, less than two years after the creation of the wetlands, we measured SOM and aboveground biomass at two different depths and within the two different planting strategies. Our study was specifically designed to assess whether the effects of depth and diversity would be evident early in restoration only one year after planting. The objectives of this study are therefore multifold: 1. To determine whether planting strategy (planted or natural recruitment) has a rapid effect on biomass or SOM. 2. To determine whether water depth (deep or shallow) has a rapid effect on biomass or SOM 3. To determine if there is a relationship between biomass and SOM. 4. To use these results to provide a baseline for comparison in future studies. [It is helpful that you list your objectives like this – very clear to the reader]
Experimental System and Methods

The Ecological Design Innovation Center (EDIC), a local non-governmental organization, obtained funds from the U.S. Environmental Protection Agency, the U.S. Department of Agriculture, and Ohio Natural Resources to create an experimental wetland facility consisting of six hydrologically isolated 1/2 acre (255ft x 115ft) wetland “cells,” completed in the summer of 2003, which were replicated to have nearly identical hydrology, soil, and dimensions. Cells were graded from a shallow, seasonally inundated south side to a permanently aquatic north side. Two groups of cells were made to characterize a particular planting regime: cells 1 and 4 employ natural recruitment and will “self-organize”; cells 2, 3, 5, and 6 were seeded and planted in fall 2003 and summer 2004 with species native to northeast Ohio to achieve a high level of species diversity (Fig. 1).  
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Figure 1. Diagram of the planting regime in each of the six experimental cells at EDIC.
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On-site Procedures

We sampled aboveground biomass using a 1m x 1m square sampling device, constructed of PVC pipe, within each of the six cells (Fig. 2). Rows 5 and 7 were determined to be the best sites on account of differences in water depth and accessibility. Row 7 is seasonally inundated and had less than 2 cm of water at time of sampling, whereas row 5 was completely inundated with water. Within each row, we selected three subsamples intersecting columns B, D, and F on the pre-existing grid system, with square sampling units positioned in each upper-right quadrant (see Figure 1). We used scissors, pruning shears, and a machete to harvest all biomass immediately above ground level, which we stored in paper bags. We took 8in x 1in soil cores (Oakfield Apparatus Company, Oakfield Wisconsin) at the four corners of each sampling unit, combined, and stored in plastic bags, and measured water depth (cm) at the center of each unit.

Laboratory Procedures

We transferred all samples (biomass and soil) into brown paper bags and placed them in a drying oven at 105ºC until completely dry (Petersen 2004) [Best to cite genuine literature that others have access to]. We determined whether samples were dry by measuring weight periodically until there was no net change. After cooling to room temperature, we then measured biomass as kg/m2 (Keddy 2000) [not clear what you are attributing to this author.  Units???]. For soil, we recorded initial oven-dried weights as g/sample. We crushed the oven-dried samples [explain why?  To homogenize?] with a hammer and placed them in ceramic crucibles, and incinerated them in a muffle furnace at 400ºC for 24 hrs. We then measured final ashed weights, and calculated the change in initial and final weights.  We calculated the ash-free dry weight, an estimate of the weight of SOM, by subtracting the weight of the ashed soil from the weight of the oven-dried soil.  (Bartlets 1996).
% SOM = [(ash-free dry weight)/(oven-dried weight)]*100%.

Analysis Procedures

In our biomass and SOM analyses, we determined the average weights among subsamples and percent SOM for rows 7 (shallow) and 5 (deep) in each cell. We calculated standard deviation (SD) and standard error (SE) among replicate planting treatments and among shallow and deep cells.  We performed an analysis of variance (single factor) to determine the statistical significance between factors.
Results

Plant Biomass: We found that depth had a significant effect on plant biomass in the planted cells  (P=0.01) and in the combination of all treatments (P=.04), but not in the cells subject to natural recruitment. We did not find significant overall differences in biomass between planted and natural recruitment treatments (Table 1 and Figure 3).
Soil Organic Matter: Although SOM was greater overall in deep areas, the differences among depths are not statistically significant. We found no statistically significant effects of either depth or planting strategy on SOM (Table 1 and Figure 4).

Plant Biomass vs. Soil Organic Matter:  There is no relationship between plant biomass and soil organic matter (Figure 5).
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Table 1.. Summary of results from ANOVA. Only biomass vs. depth (P=.04) and biomass vs. depth in selectively planted cells (P=.01) were found to be statistically significant.
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Figure 3.  The graph above depicts the average biomass weights of shallow samples (blue) vs. the average biomass weights of deep samples (purple) among selective planting, natural recruitment, and combined treatment types. Biomass = oven-dried weight in kg/m2. Y-error bars represent standard error of the mean.
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Figure 4.  The graph above depicts the average % SOM of shallow samples (blue) vs. the average % SOM of deep samples (purple) among selective planting, natural recruitment, and combined treatment types. % SOM = [(ash-free dry weight)/(oven-dried weight)]*100%. Y-error bars represent standard error of the mean among replicates.
Aboveground Biomass vs. SOM:
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Figure 5. This graph depicts biomass as a function of SOM.  R-values are not included because the relationship is not significant.  Biomass in planted cells is represented by blue diamonds.  Biomass in naturally recruited cells is represented by purple squares. Each point represents of the average of the three subsamples from each row in each cell.

Conclusions 
Biomass and Depth
Even just one year after these wetlands were created, we found that plant biomass is already a function of depth in the planted cells and the cells overall. This means that even early on in wetland creation, different hydrological conditions could lead to different amounts of biomass [OK, so why is this important?].  Biomass was not a function of depth in the naturally recruited cells. This could be the result of a statistical problem of not having enough samples (n=2) from naturally recruited cells. It could also be because the naturally recruited cells have only a few species that dominate both the shallow and the deep rows, whereas the planted cells have a clearer difference in species composition between deep and shallow. 

SOM, Depth, and Time
SOM is not affected by any combination of differences in water depth or planting strategy. We probably cannot expect to find real differences so early in the development of the wetlands considering that the soil was field soil and not wetland soil less than a year ago. In the future we would expect to see a significant difference between shallow and deep areas, with deeper areas having higher SOM, because they are permanently inundated and therefore have low rates of decomposition. Although we did not sample at the same sites as the two previous wetland studies, it would be intriguing to compare all SOM data for trends while continuing to monitor SOM.
Planting Strategy, Biomass, and SOM

Because the wetlands are so young, we were not especially surprised to find that biomass and SOM are not yet a function of planting strategy. Once again it may be too early after the start of the EDIC planting strategy experiment to expect to see differences. In the future we would expect for the cells with more diversity to eventually have more biomass [why?  Mechanisms belong in intro and here]. As well as serving as a baseline for future studies at the EDIC site, other restoration ecologists can consider these results (biomass is greater when only seasonally inundated) while designing the hydrological conditions of future constructed wetlands. In the future, we would expect that the planted cells will have higher biomass and SOM than the naturally recruited. Each species of plant chosen for the planted wetland cells was selected for the purpose of diversity and stability [Hmm, not sure this is the case].  Naeem et al. reviews a variety of literature that indicate that plant production often increases with diversity (1999) [the way you are stating this is much to definitive!], which leads us to believe that as the planted wetlands develop, biomass will become a function of planting strategy. High species diversity strengthens an ecosystem’s resistance to environmental disturbances which help keep biomass levels stable.   
Limitations of Methods 
There were some technical problems that could have affected our results. Because we took four SOM subsamples from each sample unit, the combined samples were quite large and all the organic matter may not have burned off during incineration. Also, because it was more difficult to extract an entire 8-inch soil core in the deep areas, our results may have been skewed because SOM is very particular to different parts of the soil horizon. Because there were only two naturally recruited cells and we took samples only once, we had relatively low statistical power for the data within the natural recruitment cells.  Algae were also not taken into account in biomass weights because floating and mobile algae were difficult to collect. [Good, this is useful information for interpreting results.  This could potentially go in methods or results section, but it works here.]
Problems Including Potential Biases
We made assumptions and generalizations of other variables in this experiment because of time and labor constraints. Our collection and harvesting methods, for example, attempted to create repetition within each row and cell to capture heterogeneity for a better statistical analysis, however, chance is an important aspect.  Much of the wetlands had patches of plants and it was by chance that our designated sampling area fell onto one of those patches.  Analysis of biomass that had obvious differences but did not have a significant p-value could in fact be a function [function of what?] but could not be proved with this experiment.  Plant species play significant roles in productivity and biomass, but were ignored even though vascular structures of individual plant species can skew the amount of biomass.  Biomass can serve as a good measure of productivity but since we only harvested biomass once, our measurements only represented production at that given time, not the rate of productivity. Also, our biomass measurements were not necessarily representative of average annual biomass levels because they were taken in November when much of the biomass may have already senesced. Variation in water depth was difficult to assess, especially in the shallow area, because we were not able to obtain measurements of belowground saturation. [All good points.  Statistics is designed to take care of variability.  If your samples were genuinely random, ANOVA should give you significant results when results are genuinely different]
Future Research
Using this experiment as a baseline for comparison, future research might build upon our data in order to better understand the changes in biomass, SOM, water depth, planting strategy, and all the relationships between them. Future relationships can be studied by replicating the same experiment with the addition of another row to increase statistical power [This would only increase statistical power by decreasing internal variability]. We also suggest research be conducted on biomass and SOM within each cell to build on assessing its effects of development over time, and that more attention be focused on water depth. Our last suggestion for future research might include identifying each species and comparing biomass within species to see which contributes most to biomass accumulation. 
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Figure 2. Sampling protocol in wetland cells. Row 1 is the deep end, row 8 the shallow end. The six locations where samples (and subsamples) were taken are located as indicated in the diagram.
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Data Tables

		Sampling Data Tables: Biomass, SOM, and Water Depth

		Data collected by: Rachel Cohn, Gavin Platt, Siv Tang

		Sampling location: EDIC experimental wetlands, Jones Farm

		Date collected and measured: From 11-06-04 to 12-01-04

		Notes:

		1		Biomass table contains (kilogram) above-ground biomass dry weights per square-meter sampling unit.

		2		Soil organic matter table contains percent change in (gram) dry weights of incinerated samples.

		3		Water depth table contains (centimeter) depth of water at center of square-meter sampling unit.

		4		SOM data for 1B7 and 3D5 were miscalculated/lost. In both cases, averages per row were calculated using only two values.

		Biomass		Cell 1				Cell 2				Cell 3				Cell 4				Cell 5				Cell 6

				Row 7		Row 5		Row 7		Row 5		Row 7		Row 5		Row 7		Row 5		Row 7		Row 5		Row 7		Row 5

		Column B		0.61		0.19		0.46		0.38		0.65		0.04		0.45		0.38		0.35		0.14		0.61		0.27

		Column D		0.2		0.14		0.54		0.31		0.56		0.21		0.51		1.16		0.2		0.23		0.74		0.07

		Column F		0.49		0.14		0.68		0.02		0.55		0.61		0.08		0.24		0.29		0.03		0.65		0.3

		Avg. (kg)		0.43		0.16		0.56		0.24		0.59		0.29		0.35		0.59		0.28		0.13		0.67		0.21

		SOM		Cell 1												Cell 2												Cell 3												Cell 4												Cell 5												Cell 6

				Row 7 initial		final		%SOM		Row 5 initial		Final		%SOM		Row 7 initial		Final		%SOM		Row 5 initial		Final		%SOM		Row 7 initial		Final		%SOM		Row 5 initial		Final		%SOM		Row 7 initial		Final		%SOM		Row 5 Initial		Final		%SOM		Row 7 initial		Final		%SOM		Row 5 Initial		Final		%SOM		Row 7 Initial		Final		%SOM		Row 5Initial		Final		%SOM

		Column B								97.68		91.52		6.31		312.95		294.98		5.74		99.16		93.47		5.74		297.33		280.34		5.71		160.43		151.85		5.35		159.11		148.60		6.61		203.61		191.13		6.13		267.98		255.78		4.55		157.95		150.19		4.91		211.57		202.53		4.27		108.84		103.78		4.65

		Column D		326.03		311.70		4.40		166.25		158.10		4.90		292.91		275.57		5.92		129.34		121.85		5.79		324.66		309.12		4.79								335.74		319.05		4.97		179.90		167.87		6.69		315.79		302.42		4.23		207.45		198.49		4.32		267.44		261.59		2.19		238.01		226.91		4.66

		Column F		236.24		224.32		5.05		145.40		138.56		4.70		308.85		292.21		5.39		184.25		174.39		5.35		279.51		261.53		6.43		115.48		107.89		6.57		316.72		305.11		3.67		133.52		124.81		6.52		309.92		297.57		3.98		128.31		122.09		4.85		304.60		290.57		4.61		211.60		203.46		3.85

		Avg. (%∆)						4.72						5.30						5.68						5.63						5.64						5.96						5.08						6.45						4.26						4.69						3.69						4.39

		Depth		Cell 1				Cell 2				Cell 3				Cell 4				Cell 5				Cell 6

				Row 7		Row 5		Row 7		Row 5		Row 7		Row 5		Row 7		Row 5		Row 7		Row 5		Row 7		Row 5

		Column B		11		14		0		2		0		50		5		26		0		18		0		32

		Column D		0		15		0		9		1		20		0		7		0		10		0		26

		Column F		1		12		0		19		0		11		0		17		0		30		0		22

		Avg. (cm)		4		14		0		10		0		27		2		17		0		19		0		27





Biomass Analysis

		Biomass Analysis: Average Weight, SD, and SE

		Data collected by: Rachel Cohn, Gavin Platt, Siv Tang

		Date analyzed: 12-01-04

		Notes:

		1		Biomass data copied from 'Sampling Data Tables' in order to determine average weights, standard deviation, and standard error

				at different depths in each cell and among treatment types.

		Cell Average Weights																		Shallow/Deep SD/SE

		Location		Biomass (kg) of Shallow						Avg. of Shallow		Biomass (kg) of Deep						Avg. of Deep		Shallow SD		Deep SD		Shallow SE/2		Deep SE/2

		Cell 1		0.61		0.20		0.49		0.43		0.19		0.14		0.14		0.16		0.21		0.03		0.06		0.01

		Cell 2		0.46		0.54		0.68		0.56		0.38		0.31		0.02		0.24		0.11		0.19		0.03		0.06

		Cell 3		0.65		0.56		0.55		0.59		0.04		0.21		0.61		0.29		0.06		0.29		0.02		0.08

		Cell 4		0.45		0.51		0.08		0.35		0.38		1.16		0.24		0.59		0.23		0.50		0.07		0.14

		Cell 5		0.35		0.20		0.29		0.28		0.14		0.23		0.03		0.13		0.08		0.10		0.02		0.03

		Cell 6		0.61		0.74		0.65		0.67		0.27		0.07		0.30		0.21		0.07		0.13		0.02		0.04

		Treatment Types

		Natural Recruitment

		Cell 1		0.61		0.20		0.49		0.43		0.19		0.14		0.14		0.16		0.21		0.03		0.06		0.01

		Cell 4		0.45		0.51		0.08		0.35		0.38		1.16		0.24		0.59		0.23		0.50		0.07		0.14

		Averages of 1 and 4:								0.39								0.38						0.06		0.08

		Planted

		Cell 2		0.46		0.54		0.68		0.56		0.38		0.31		0.02		0.24		0.11		0.19		0.03		0.06

		Cell 3		0.65		0.56		0.55		0.59		0.04		0.21		0.61		0.29		0.06		0.29		0.02		0.08

		Cell 5		0.35		0.20		0.29		0.28		0.14		0.23		0.03		0.13		0.08		0.10		0.02		0.03

		Cell 6		0.61		0.74		0.65		0.67		0.27		0.07		0.30		0.21		0.07		0.13		0.02		0.04

		Averages of 2, 3, 5, and 6:								0.52								0.22						0.02		0.05

		Averages of Combined:								0.46								0.30						0.04		0.06

		Biomass vs. Treatment graph

				Selective Planting		Natural Recruitment		Combined		SE/2 Planted		SE/2 Natural		SE/2 Combined

		Shallow		0.52		0.39		0.46		0.02		0.06		0.04

		Deep		0.22		0.38		0.30		0.05		0.08		0.06





Biomass Analysis
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Biomass ANOVA

		ANOVA Worksheet: Biomass

		Data collected by: Rachel Cohn, Gavin Platt, Siv Tang

		Date analyzed: 12-01-04

		Notes:

		1		ANOVA: Single Factor is used exclusively.

		Is biomass a function of depth?

		ANOVA comparing whether row 7 (shallow) and row 5 (deep) are significantly different:

				Average Biomass (kg)

		Depth		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Cell 6

		Row 7 (shallow)		0.43		0.56		0.59		0.35		0.28		0.67

		Row 5 (deep)		0.16		0.24		0.29		0.59		0.13		0.21

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Row 7		6		2.88		0.48		0.0228

		Row 5		6		1.62		0.27		0.0278

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.1323		1		0.1323		5.2292490119		0.0452628038		4.9646027011

		Within Groups		0.253		10		0.0253

		Total		0.3853		11

		Conclusion: We found that biomass is a function of depth, and that biomass of shallow and deep locations among cells

		is significantly different with a P-value of .0453.

		Is biomass a function of depth in the cells that were naturally recruited?

		ANOVA comparing whether cell 1 and cell 4 are significantly different:

				Average Biomass (kg)

		Location		Cell1		Cell4

		Row 7 (shallow)		0.43		0.35

		Row 5 (deep)		0.16		0.59

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Row 7 (shallow)		2		0.78		0.39		0.0032

		Row 5 (deep)		2		0.75		0.375		0.09245

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.000225		1		0.000225		0.0047046524		0.9515561589		18.5128205111

		Within Groups		0.09565		2		0.047825

		Total		0.095875		3

		Conclusion: This is statistically showing that there is no significant difference (p=.95) between shallow and deep biomass

		in naturally recruited cells. This means that in the naturally recruited cells, biomass is not a function of depth.

		Is biomass a function of depth in the cells that were planted?

		ANOVA comparing whether cells 2, 3, 5, and 6 are significantly different:

		Location		Cell 2		Cell 3		Cell 5		Cell 6

		Row 7 (shallow)		0.56		0.59		0.28		0.67

		Row 5 (deep)		0.24		0.29		0.13		0.21

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Row 7 (shallow)		4		2.1		0.525		0.0288333333

		Row 5 (deep)		4		0.87		0.2175		0.0044916667

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.1891125		1		0.1891125		11.3495873968		0.0150626388		5.9873775842

		Within Groups		0.099975		6		0.0166625

		Total		0.2890875		7

		Conclusion: There is a significant difference (p=.0151) between shallow and deep biomass in planted cells.

		This means that in the planted cells biomass is a function of depth.

		Is biomass a function of planting strategy in the shallow area?

		Shallow Planted vs Shallow natural

		Are the shallow samples in naturally recruited cells defferent than the shallow samples in planted cells.																																0.27		0.2		0.23		0.74		0.07		0.29		0.03		0.65		0.3

		shallow planted		0.56		0.59		0.28		0.67

		shallow natural		0.43		0.35

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		shallow planted		4		2.1		0.525		0.0288333333

		shallow natural		2		0.78		0.39		0.0032

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.0243		1		0.0243		1.0836120401		0.3566710742		7.7086497186

		Within Groups		0.0897		4		0.022425

		Total		0.114		5

		Conclusion: Shallow planted is NOT different than shallow natural.

		Is biomass a function of planting strategy in the deep area?

		Deep Planted vs Deep Natural

		Deep Planted		0.24		0.29		0.13		0.21

		Deep natural		0.16		0.59

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Deep Planted		4		0.87		0.2175		0.0044916667

		Deep natural		2		0.75		0.375		0.09245

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.033075		1		0.033075		1.2489969318		0.3263347845		7.7086497186

		Within Groups		0.105925		4		0.02648125

		Total		0.139		5

		Conclusion: Deep planted is NOT different than deep natural.

		Is biomass a function of treatment type?

		Combined Planted		0.52		0.22

		Combined Natural Recruitment		0.39		0.38

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Combined Planted		2		0.74		0.37		0.045

		Combined Natural Recruitment		2		0.77		0.385		0.00005

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.000225		1		0.000225		0.0099889012		0.929504397		18.5127646546

		Within Groups		0.04505		2		0.022525

		Total		0.045275		3

		Conclusion: Biomass is not a function of treatment type.





SOM Analysis

		SOM Analysis: Average Weight, SD, and SE

		Data collected by: Rachel Cohn, Gavin Platt, Siv Tang

		Date analyzed: 12-01-04

		Notes:

		1		SOM data copied from 'Sampling Data Tables' in order to determine average weights, standard deviation, and standard error

				at different depths in each cell and among treatment types.

		SOM		Cell 1												Cell 2												Cell 3												Cell 4												Cell 5												Cell 6

				Row 7 initial		final		%SOM		Row 5 initial		Final		%SOM		Row 7 initial		Final		%SOM		Row 5 initial		Final		%SOM		Row 7 initial		Final		%SOM		Row 5 initial		Final		%SOM		Row 7 initial		Final		%SOM		Row 5 Initial		Final		%SOM		Row 7 initial		Final		%SOM		Row 5 Initial		Final		%SOM		Row 7 Initial		Final		%SOM		Row 5Initial		Final		%SOM

		Column B								97.68		91.52		6.31		312.95		294.98		5.74		99.16		93.47		5.74		297.33		280.34		5.71		160.43		151.85		5.35		159.11		148.60		6.61		203.61		191.13		6.13		267.98		255.78		4.55		157.95		150.19		4.91		211.57		202.53		4.27		108.84		103.78		4.65

		Column D		326.03		311.70		4.40		166.25		158.10		4.90		292.91		275.57		5.92		129.34		121.85		5.79		324.66		309.12		4.79								335.74		319.05		4.97		179.90		167.87		6.69		315.79		302.42		4.23		207.45		198.49		4.32		267.44		261.59		2.19		238.01		226.91		4.66

		Column F		236.24		224.32		5.05		145.40		138.56		4.70		308.85		292.21		5.39		184.25		174.39		5.35		279.51		261.53		6.43		115.48		107.89		6.57		316.72		305.11		3.67		133.52		124.81		6.52		309.92		297.57		3.98		128.31		122.09		4.85		304.60		290.57		4.61		211.60		203.46		3.85

		Avg. (%∆)						4.72						5.30						5.68						5.63						5.64						5.96						5.08						6.45						4.26						4.69						3.69						4.39

		Cell Average Weights																		Shallow/Deep SD/SE

		Location		%SOM Shallow						Avg. of Shallow		%SOM Deep						Avg. of Deep		Shallow SD		Deep SD		Shallow SE/2		Deep SE/2

		Cell 1		4.40		5.05				4.73		6.31		4.90		4.70		5.30		0.46		0.88		0.16		0.25

		Cell 2		5.74		5.92		5.39		5.68		5.74		5.79		5.35		5.63		0.27		0.24		0.08		0.07

		Cell 3		5.71		4.79		6.43		5.64		5.35		6.57				5.96		0.82		0.86		0.24		0.30

		Cell 4		6.61		4.97		3.67		5.08		6.13		6.69		6.52		6.45		1.47		0.29		0.43		0.08

		Cell 5		4.55		4.23		3.98		4.25		4.91		4.32		4.85		4.69		0.29		0.32		0.08		0.09

		Cell 6		4.27		2.19		4.61		3.69		4.65		4.65		3.85		4.38		1.31		0.46		0.38		0.13

		Treatment Types

		Natural Recruitment

		Location		%SOM Shallow						Avg. of Shallow		%SOM Deep						Avg. of Deep		Shallow SD		Deep SD		Shallow SE/2		Deep SE/2

		Cell 1		4.40		5.05				4.73		6.31		4.90		4.70		5.30		0.46		0.88		0.16		0.25

		Cell 4		6.61		4.97		3.67		5.08		6.13		6.69		6.52		6.45		1.47		0.29		0.43		0.08

		Averages of 1 and 4:								4.90								5.88						0.29		0.17

		Planted

		Location		%SOM Shallow						Avg. of Shallow		%SOM Deep						Avg. of Deep		Shallow SD		Deep SD		Shallow SE/2		Deep SE/2

		Cell 2		5.74		5.92		5.39		5.68		5.74		5.79		5.35		5.63		0.27		0.24		0.08		0.07

		Cell 3		5.71		4.79		6.43		5.64		5.35		6.57				5.96		0.82		0.86		0.24		0.30

		Cell 5		4.55		4.23		3.98		4.25		4.91		4.32		4.85		4.69		0.29		0.32		0.08		0.09

		Cell 6		4.27		2.19		4.61		3.69		4.65		4.65		3.85		4.38		1.31		0.46		0.38		0.13

		Averages of 2, 3, 5, and 6:								4.82								5.17						0.19		0.15

		Averages of Combined:								4.86								5.52						0.24		0.16

		SOM vs. Treatment graph

				Selective Planting		Natural Recruitment		Combined		SE/2 Planted		SE/2 Natural		SE/2 Combined

		Shallow		4.82		4.90		4.82		0.19		0.29		0.24

		Deep		5.17		5.88		5.52		0.15		0.17		0.16

		Conclusion: Deep is greater than shallow but differences are not significant.
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SOM ANOVA

		ANOVA Worksheet: SOM

		Data collected by: Rachel Cohn, Gavin Platt, Siv Tang

		Date analyzed: 12-08-04

		Notes:

		1		ANOVA: Single Factor is used exclusively.

		Is SOM a function of depth?

		ANOVA comparing whether row 7 (shallow) and row 5 (deep) are significantly different:

				Average %SOM

		Depth		Cell 1		Cell 2		Cell 3		Cell 4		Cell 5		Cell 6

		Row 7 (shallow)		4.73		5.68		5.64		5.08		4.25		3.69

		Row 5 (deep)		5.3		5.63		5.96		6.45		4.69		4.38

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Row 7 (shallow)		6		29.07		4.845		0.61715

		Row 5 (deep)		6		32.41		5.4016666667		0.6046966667

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.9296333333		1		0.9296333333		1.5216857544		0.2455721192		4.9645905165

		Within Groups		6.1092333333		10		0.6109233333

		Total		7.0388666667		11

		Conclusion: We found that SOM is not a function of depth.

		Is SOM a function of depth in the cells that were naturally recruited?

		ANOVA comparing whether cell 1 and cell 4 are significantly different:

				Average %SOM

		Location		Cell1		Cell4

		Row 7 (shallow)		4.73		5.08

		Row 5 (deep)		5.3		6.45

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Row 7 (shallow)		2		9.81		4.905		0.06125

		Row 5 (deep)		2		11.75		5.875		0.66125

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.9409		1		0.9409		2.604567474		0.2479038141		18.5127646546

		Within Groups		0.7225		2		0.36125

		Total		1.6634		3

		Conclusion: This is statistically showing that there is no significant difference (p=.24) between shallow and deep %SOM

		in naturally recruited cells. This means that in the naturally recruited cells, %SOM is not a function of depth.

		Is SOM a function of depth in the cells that were planted?

		ANOVA comparing whether cells 2, 3, 5, and 6 are significantly different:

				Average %SOM

		Location		Cell 2		Cell 3		Cell 5		Cell 6

		Row 7 (shallow)		5.68		5.64		4.25		3.69

		Row 5 (deep)		5.63		5.96		4.69		4.38

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Row 7 (shallow)		4		19.26		4.815		1.0045666667

		Row 5 (deep)		4		20.66		5.165		0.5633666667

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.245		1		0.245		0.3125132871		0.5963742623		5.987374152

		Within Groups		4.7038		6		0.7839666667

		Total		4.9488		7

		Conclusion: There is not a significant difference (p=.596) between shallow and deep SOM in planted cells.

		This means that in the planted cells SOM is not a function of depth.

		Are the shallow samples in naturally recruited cells defferent than the shallow samples in planted cells.

		Shallow Planted vs Shallow natural

		shallow planted		5.68		5.64		4.25		3.69

		shallow natural		4.73		5.08

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		shallow planted		4		19.26		4.815		1.0045666667

		shallow natural		2		9.81		4.905		0.06125

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.0108		1		0.0108		0.0140490089		0.9113628464		7.7086497186

		Within Groups		3.07495		4		0.7687375

		Total		3.08575		5

		Conclusion: SOM shallow planted is NOT different than SOM shallow natural.

		Are deep samples in naturally recruited cells different than the deep samples in the planted cells?

		Deep Planted vs Deep Natural

		Deep Planted		5.63		5.96		4.69		4.38

		Deep natural		5.3		6.45

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Deep Planted		4		20.66		5.165		0.5633666667

		Deep natural		2		11.75		5.875		0.66125

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.6721333333		1		0.6721333333		1.1433998908		0.3451699528		7.7086497186

		Within Groups		2.35135		4		0.5878375

		Total		3.0234833333		5

		Conclusion: Deep unplanted are not different than deep planted.

		Is SOM a function of planting strategy?

		Combined Planted		4.82		5.17

		Combined Natural Recruitment		4.90		5.88

		Anova: Single Factor

		SUMMARY

		Groups		Count		Sum		Average		Variance

		Combined Planted		2		9.99		4.995		0.06125

		Combined Natural Recruitment		2		10.78		5.39		0.4802

		ANOVA

		Source of Variation		SS		df		MS		F		P-value		F crit

		Between Groups		0.156025		1		0.156025		0.5763228368		0.5270308951		18.5127646546

		Within Groups		0.54145		2		0.270725

		Total		0.697475		3

		Conclusion: SOM is not a function of planting strategy.





Scatterplot

		Biomass vs SOM scatterplot

		Data collected by: Rachel Cohn, Gavin Platt, Siv Tang

		Date analyzed: 12-14-04

		Notes:

						SOM		Biomass Planted		Biomass natural

		Cell 1		deep		5.30				0.16

				shallow		4.72				0.43

		Cell 2		deep		5.63		0.24

				shallow		5.68		0.56

		Cell 3		deep		5.96		0.29

				shallow		5.64		0.59

		Cell 4		deep		6.45				0.59

				shallow		5.08				0.35

		Cell 5		deep		4.69		0.13

				shallow		4.26		0.28

		Cell 6		deep		4.39		0.21

				shallow		3.69		0.67

				SOM Deep		Biomass Natural (deep)		Biomass Planted (deep)

		Cell 1		5.30		0.16

		Cell 2		5.63				0.24

		Cell 3		5.96				0.29

		Cell 4		6.45		0.59

		Cell 5		4.69				0.13

		Cell 6		4.39				0.21

				SOM shallow		Biomass Planted (shallow)		Biomass Natural (shallow)

		Cell 1		4.72				0.43

		Cell 2		5.68		0.56

		Cell 3		5.64		0.59

		Cell 4		5.08				0.35

		Cell 5		4.26		0.28

		Cell 6		3.69		0.67
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		Selective Planting		Selective Planting		0.19		0.19		0.15		0.15

		Natural Recruitment		Natural Recruitment		0.29		0.29		0.17		0.17

		Combined		Combined		0.24		0.24		0.16		0.16
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		Selective Planting		Selective Planting		0.05		0.05		0.02		0.02

		Natural Recruitment		Natural Recruitment		0.08		0.08		0.06		0.06

		Combined		Combined		0.06		0.06		0.04		0.04
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				Is biomass a function of:						Finding:		P-value:

				Depth?						Yes		0.04

				Depth in naturally recruited cells?						No		0.95

				Depth in selectively planted cells?						Yes		0.01

				Planting strategy?						No		0.92

				Planting strategy in shallow areas?						No		0.35

				Planting strategy in deep areas?						No		0.32

				Is SOM a function of:						Finding:		P-value:

				Depth?						No		0.24

				Depth in naturally recruited cells?						No		0.24

				Depth in selectively planted cells?						No		0.59

				Planting strategy?						No		0.52

				Planting strategy in shallow areas?						No		0.91

				Planting strategy in deep areas?						No		0.34






