Outputs from Statistical Software for data from Excel: The number of species identified in each site

	Table1
	Table2
	Table3
	Table4
	Table5

	38
	26
	30
	22
	29
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( Consists of a relative frequency plot or histogram with a red Density Curve. 

Value 29 is the estimated Mean (average) - if we average species count of all sites (each 1 ha). Obviously the estimate would be different each time another sample size of 5 is chosen, the 99% confidence interval for Mu says the Actual Mean lies between 16.8187 and 41.1813 with 99% confidence (there is 1% chance this range does not catch the Actual Mean).

Note that 

Mu is pronunciation of μ - symbol represents ‘Mean’
Sigma is pronunciation of σ - symbol represents ‘Standard Deviation’
The calculation of confidant interval is base on the assumption that number of species found in each site (of size1 ha) follows Normally Distribution N~(μ, σ) and uses the estimated μ = 29, σ = 5.92

It’s good ideal to check how well those assumptions are met, the Normal Distribution has a bell-shape, the Density Curve seems ok, another way is using Normality test. The points in probability plot should follow closely along a straight line, not bad as far as the plot below shows.
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Average: 29 Anderson-Darling Normality Test
StDev 591608 A-Squated: 0.227
N5 P-Value: 0640




The P-value of Anderson-Darling Normality Test is 0.640 this shows the deviation from normal is reasonable. If P-value is small (often <=5% is chosen) then it suggests the deviation is too large to occur by chance alone hence the normality assumption is invalid. In truth P-value most often won’t reject Normality Assumption with sample this small (=5), so I’m relying more on the look of graphs and plot.

I think the bigger problem would be the estimated standard deviation of 5.92 with small sample size of 5, 99% confident interval (for Sigma from first output) shows upper margin of error can be as big as 26. If 5.92 gives confidence interval for Mu from 16.8187 to 41.1813, 26 would be result much wider range. Formula of confidence interval for sigma includes ‘estimated standard deviation’ and ‘sample size’ (it’s nice to know also the formula does not require Normality Assumption) so I think the best way is increase number of samples. 

In any event the book ‘Moore & MacCabe Introduction to the Practice of Statistics’ suggest if the sample size is >=15 assumption required for the distribution of data lessens.

Next part

Lets include data ‘number of unique species found in each site’ and try to some analysis.

	
	Table1
	Table2
	Table3
	Table4
	Table5

	Species in site
	38
	26
	30
	22
	29

	Count of unique species
	12
	6
	9
	4
	3


As shown from the plot, include all the data points. [image: image3.png]Species in site
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It’s reasonable to say that higher ‘number of species’ does associates with higher number of ‘count of unique species’. The pattern is almost linear-except the point related to site 5 (3,29). 3:29 is relative much smaller ratio compare to the other pair of numbers. Let apply some Regression Analysis.

Here is out put from the Statistical Software

Regression Analysis: NoSpecies versus NoUnique

The regression equation is

NoSpecies = 20.2 + 1.30 NoUnique

Predictor        Coef     SE Coef          T        P

Constant       20.190       4.087       4.94    0.016

NoUnique       1.2956      0.5404       2.40    0.096

S = 4.000       R-Sq = 65.7%     R-Sq(adj) = 54.3%

Analysis of Variance

Source            DF          SS          MS         F        P

Regression         1       91.99       91.99      5.75    0.096

Residual Error     3       48.01       16.00

Total              4      140.00

No replicates. Cannot do pure error test.

Possible lack of fit at outer X-values       (P-Value = 0.008)

Overall lack of fit test is significant at P = 0.008

The equation probably has little meaning with the data in this case. The P-value of Regression is 0.096 although not very high it’s larger than the 5% the (critical value we often chose) this says there is not enough evidence to reject the hypothesis: ‘there is not association between 2 variables’ (i.e. the pattern could just form by chance)’.  R-Sq = 65.7% show strength of association, says 65.7% of variation of ‘number of Species in site’ is attribute to factor: ‘Count of unique species’, the remaining 34.3% are variation when keep ‘Count of unique species’ constant. Possible lake of fit point P-value=0.008 spots to that ‘abnormal point’ of site 5.
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The ‘line of best fit’ on the left fit a straight line which sum of deviation of each point to the line is minimised. Notices the distance of each point to the line are not small.  

Let drop this extreme value and repeat the process

Regression Analysis: excluding data point from table5

The regression equation is

NoSpecies = 14.0 + 1.93 NoUnique

Predictor        Coef     SE Coef          T        P

Constant       14.027       1.633       8.59    0.013

table5         1.9320      0.1962       9.85    0.010

S = 1.190       R-Sq = 98.0%     R-Sq(adj) = 97.0%

Analysis of Variance

Source            DF          SS          MS         F        P

Regression         1      137.17      137.17     96.94    0.010

Residual Error     2        2.83        1.41

Total              3      140.00

No replicates. Cannot do pure error test.

* Not enough data for lack of fit test

Now the P-value of Regression is 0.010 less than the 5% critical value, this says there is enough evidence to reject the hypothesis: ‘there is not association between 2 variables’, i.e. only 1% chance of mistakenly conclude: ‘there is association” when in fact there are none. R-Sq = 98.0% this time, which imply a strong relation (likely Linear) between 2 variables
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This time the points are much close to the line as compare to when all points were included.

The point removed effect the ‘line of best fit’ greatly. There could due to something really special in site 5 or simply happened due to small sample. Only thing left might be uneven numbers of points on two sides of line (as sum of deviation of all point from the line is 0, the point below the line actually contribute all the negative portion) for a larger sample this cannot be ignored.

The numbers of specie that would deem as unique is most likely to be decreased if many more sites were being surveyed, So it might be appropriate to replace ‘count of unique species’ with ‘count of species occurred in < 20% of all site surveyed’. Hypothetically a special site with more than usual number of un-common species might stand out from others (as a ‘abnormal point’ from rest of data points), e.g. if (14, 35) is a point it has quit large ratio compare to above data.

Next part
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Refer to Column G from Excel file ‘WoodLandSurvey’ >Sheet ‘CountSitesSpecies’- number of sites each species appeared. Let see the distribution, here is the Statistical Software output.

(
5 Number Summery

The distribution of frequency of ‘count of sites each species appeared in’ is Right-Skewed not symmetric. Thus Normality Assumption is not satisfied (also confirm from very small P-value of Anderson-Darling Normality Test). So use of Confident Interval for Mu is not practical in this case. 

Alternative measure to ‘Mean and Standard Deviation’ is ‘5 Number Summary’ using Median as measure of centre (also as part of output from Statistical Software). For Normal distribution the Mean & Median should be identical and peak (the most frequent value) indicate where Mean is, that was the case for the output for the very first analysis. With Right-Skewed distribution the Mean is on the right of Median i.e. > Median, as is the case here. The peak here is 1, in fact about half of species were identified in one site only (see Cell B80, B81 in Sheet ‘CountSitesSpecies’). The most likely reason must be the fact that sample of only 5 were surveyed. With more sites surveyed, number of sites each species appears in would increase, so less number of species would appear in one site only. The peak should shift right, to a value great then 1, depend on number of sites surveyed 1, however I think the distribution might still remain Right-Skewed.

An example where distribution is Right-Skewed (from ‘Moore & MacCabe Introduction to the Practice of Statistics’) is price of houses: many with moderate prices and cluster about the medium while a few very expense mansions pull the Mean (average) price up. Apply similar reason here says most species are expect to be found in about M sites clustering around Medium out of all possible N sites, however a few widely spread species are to be found on most of sites. So using over all Mean does not accurately reflet the scale of spread of most species, its too high.

1. If large number of sites were surveyed, use NSO/TS in place of ‘number of sites each species appeared’, where NSO is ‘Number of Sites each Species Occur’ and TS is ‘Total number of Sites surveyed’, so use NSO/TS <5% to classify rareness instead using actual count such as if the specie is unique in only one site (a species appear then in 1 site only, when 100 (1 ha) sites were surveyed is indeed very rare 1%). 

Final note

This analysis is base on a very small number of samples including some uncertainty on the accuracy of some of data. Some guessing are also involve with little knowledge of standard of Flora classification. Frequency code such as Ip/c, O, Op/c are not used in the analysis completed. Any uses of Frequency so far are not related to those codes.
The analysis result are certainly not absolute, I won’t be surprised if real scientific fact are quit different to the conclusion here. However I hope it is at least interesting to look at and provide some meaning.

Dr Gianni W D'Addario

I appreciate any Feedback, I hope it’s not too far from what you expected. In a way some decisions of doing the analysis do change, which are not what I expect when I first thought about what I can do.

There are some additional notes in Excel file ‘WoodLandSurvey’ >Sheet ‘FreqAnal’ like what’s missing in the Tables from web site (as the DATA Sheet are exactly replicate of Data in given table).
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