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Statistical Analysis of Sockeye Salmon Returns For the Fraser River and Hectors Burned From Forest Fires in British Columbia
Executive Summary
When I sought out for this project I wanted to try and answer five questions using statistical analysis for sockeye salmon (sockeye salmon are sometimes just called salmon in this report or just sockeye) returns for the Fraser River and hectors burned in British Columbia (B.C.) due to forest fires. The first question was why are sockeye stocks declining, the second was why are sockeye spawning sooner, the third was why are sockeye doing worse than other salmon species, the fourth what is the best way to sample the Sockeye data I have, and lastly what is the best way to sample the hectors burned data I have. 
The last question was answered when I completed two simulations (a 1,000, and 10,000 sampling simulation) and found simple random sampling (SRS) was the best sampling design for sampling hectors burned (better ybar estimates, more normally distributed, and less variance compared to cluster sampling). The fourth question was answered when I simulated (a 1,000 and 10,000 sampling simulation)  and found stratified sampling (along brood years) was the best sampling design for sockeye stocks (a worse ybar estimate but better variance and more normally distributed when compared to SRS). The third question was answered by from research I did for this project in combination with common sense that sockeye don’t spawn near the coast and have to go through a lot more turbidity from fires than other salmon. The second question was answered by analyzing a turbidity graph in a report that fire seasons, do to fire suppression measures, are now occurring in late summer instead of early spring and so salmon are migrating sooner to avoid the late season fires. The first question was answered by Using data analysis on the graphs and scatter plots (without data filtering) by doing this I found evidence that sockeye do decline due to forest fires (specifically the sharp turbidity from forest fires) more than any other variable that effect salmon.

Introduction
For this report I first plotted and then visually analyzed the correlation of Sockeye Salmon return to hectors burned in B.C. four years earlier (the forest fire season that affected that year’s return).  I found some interesting indications of correlation so I than proceeded to do scatter plots of Millions of Salmon vs. Hectors Burned. These plots indicated a possible slight negative correlation between salmon numbers and hectors burned (this is without any data filtering). I than provided a list of major events and information about other variables I looked at visually.
I then did two simulations, one on the salmon data set and one on the hectors burned data set. I was looking to understand these data sets better by doing these simulations and to see which design would be best if each year was not able to be sampled. 
I stratified the salmon data set by brood year, and then sampled and simulated to obtain an ybar which I than compared to the known mean (the mean of the entire population to date) and the SRS simulation.
I separated Hectors burned into 10 clusters, and then I sampled and simulated to obtain a mean which I than compared with the known mean and the SRS simulation. 

Visual Analysis of Graph (Please see appendix 1 page 1 and page 2)
The following chart is to help analyze the first (1893 to 2014) and second graph (1950 to 2010) in appendix one. Please note that forest fires effect adult salmon as they migrate to spawn, so the effects of the fire are seen four years later by their returning young. If the event affects the smolts, the return of salmon is affected 3 years later. 

	Date	
	Relevance To Salmon

	1913-1914
	Railroad construction near Hells Gate causes rock slides to occur for many years. The slides released hard sharp turbidity which is harmful to salmon and persistent in the water.

	1942
	Map of fire location indicates the largest fire of this season wasn’t near streams.

	1958
	The worst recorded Forest Fire season in B.C. History 

	1961
	The Grove fire on Tabor mountain, which is near Tabor Lake causes a salmon decline. 

	1982
	Turbidity at hope water quality station suggests forest fires occurred before salmon were present. 

	1985
	Turbidity at hope water quality station suggests forest fires occurred before salmon were present.

	1998
	10,000 people evacuated in a Salmon Arm forest fire. But it occurs in November after the spawning of salmon.

	2003
	Largest interface fire in B.C. recorded history 50,000 people evacuated in south central B.C.

	2004
	A very harmful turbidity level of 390NTU is recorded during the migration of the Sockeye Salmon.

	2006
	Large storms caused the First boil water advisory in Vancouver’s history and effect smolts traveling to the ocean.



Visual Analysis of Salmon Population vs. Fire Seasons (Please see Appendix 1 page 3 and 4)
I split the analysis in terms of all brood years (page 3) and each brood year separately (page 4). The all brood year scatter plot seems to show slight to no correlation.  I did no data filtering to the data so the results probably don’t represent what is happening in reality perfectly. 
Brood 1916 to 2008 seems to show a weak to slight negative correlation (please notice that each brood year has different scales to show off their distributions better) with a R2 of 0.2386. 
Brood 1917 2010 has a slight negative correlation with a R2 of 0.0652.
Brood 1918 to 2010 has a slight negative correlation with a R2 of 0.0902
Brood 1919 to 2007 has a slight negative correlation with a. R2 of 0.057

The graphs for all brood years shows a slight negative correlation for both a log-log version and without being logged, with the log-log version having a better R2 value of 0.0692 and the non-log-log version having a R2 of 0.0117.

Carry Over Effect
Also one might find that due to the previous year’s decline that the population remains low even with a low fire season. This is because the breeding population was so small and fires had nothing to do with the salmon population being low (it had more to do with the previous fire season). This recovery time isn’t taken into account and takes between 30 – 45 years (1962 to 1982 and 1913 to 1958).  So it is hard to fully pick apart and interpret scatterplots visually or statistically.  When the breeding population is small other variables can start to have greater effects also (harvesting, disease, parasites, Ocean conditions, etc.), than if it was a large population like it was before a depressing event due to sharp turbidity. The 2010 recovery was a different kind of recovery because the 2007 smolts lake had been artificially enhanced by a lake fertilization program that started in 2005.

Also with a small population it’s harder for fires to affect salmon as the timing of the fires matter more. Only at specific times when the small population is migrating really matter; were as a large population is more likely to in-counter sharp turbidity from forest fires as they migrate at more spread out time intervals.
With more hectors burned and more salmon the chance of salmon being affected by forest fire increases.  Also there are more available places for refuge from turbidity clouds when there is a small population of sockeye.
Simulations (Please see appendix 1 pages 5-6)
Stratified vs. SRS for Sockeye Salmon Data (page 5)
Treating my data set of Total Sockeye salmon return as the entire population I decided to sample it to see which technique from sampling would be best. This would give me information about my population I could use later and also could help me decide how to sample the population in the future if we weren’t able to sample each year as we have been doing due to something like cost cutting measures. 
I stratified the population by brood year and then sampled 15 times in each stratum 1000 times. I than compared sample estimates (like ybar) to sample estimates obtained by doing SRS of 60 values in the population 1000 times. Comparison of the histograms of ybar (for the SRS graph) and ybar S (for the stratified graph) shows they are both normal but bar S is slightly more normal.
 
I than compared the numerical values obtained by both methods (for the 1000 simulations version):

For the Stratified sampling method (ybarS graph):
	ybar
	var
	sd
	Min.
	1st Qu.
	Median
	3rd Qu.
	Max.

	7.258
	0.4125509
	0.6423013
	5.008
	6.827
	7.272
	7.704
	9.393



For the SRS method (ybar graph):
	ybar
	var
	sd
	Min.
	1st Qu.
	Median
	3rd Qu.
	Max.

	7.311
	0.4843908
	0.6959819
	5.209
	6.858
	7.323
	7.782
	9.503



Actual Population statistics:
	Mean
	var
	sd
	Min.
	1st Qu.
	Median
	3rd Qu.
	Max.

	7.313
	60.26478
	7.76304
	0.925
	2.717
	4.742
	7.680
	40.200



Some information seems to be lost with sampling like the maximum, minimum, median, 1st and3rd quadrants, but they do a very good job of finding the mean, both getting close. The Stratified sampling method has lower variance but a worse estimate for the mean. SRS does a better job estimating the mean but has worse variance. 
I then did 10,000 samples in another simulation and the stratified design did better again with a worse ybar (7.254) but a better variance (0.4022739). The SRS design gave an ybar of 7.315 and a variance of 0.4825312. Both remained normally distributed (Appendix 1 page 8) and I would choose the Stratified sampling design again. The 10,000 simulations didn’t seem to bring the estimates closer but further away in both cases which are the opposite I would expect with increased simulations both had better variance though.

Cluster vs. SRS for Hectors Burned data (page 6)
Treating my data set of Hectors Burned as my entire population I sampled the data set to see which technique would be best. This would help me understand my population better and prepare me to sample the population in the future if needed. 
I clustered the population into decades and then did cluster sampling on those 10 clusters by selecting 4 of them 1000 times. I clustered the data into decades because I thought there might be a pattern of low years leading to high years and splitting the data into 10 year segments might capture a diverse set of data points. I than compared the statistics obtained from the simulation to the population statistics and statistics from a SRS of 40 of the population values 1000 times. The histograms are both normal with the histogram for ybar A (the SRS method) a bit skewed to the left and the histogram for ybarC having a much larger skew to the left.
I than compared the numerical values obtained by both methods:

For the Cluster sampling method (ybarC graph):
	ybar
	var
	sd
	Min.
	1st Qu.
	Median
	3rd Qu.
	Max.

	120700
	481844762
	21950.96
	70980
	104700
	121600  
	134500
	173800



For the SRS method (ybarA graph):	
	ybar
	var
	sd
	Min.
	1st Qu.
	Median
	3rd Qu.
	Max.

	122100
	322600039
	17961.07
	71950
	109100  
	122100
	133600
	173300



Actual Population statistics:
	Mean
	var
	sd
	Min.
	1st Qu.
	Median
	3rd Qu.
	Max.

	121900
	2026376198
	142350.8
	   2960   
	25130
	64080
	170400
	835800



Some information seems to be lost with sampling like the maximum, minimum, median, 1st and 3rd quadrants, but they do a very good job of finding the mean both getting pretty close. In this simulation both variance and estimations of ybar are better for the SRS method compared to the Cluster sampling method and therefore SRS would probably be the better method to use.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]I then did a 10,000 sampling simulation and got, for cluster sampling, a better estimate (121600) and variance (485630552) but it’s graph (in appendix 1 page 9) is much uglier (following the outline of a normal distribution but more poorly). The SRS version done 10,000 times gave the actual mean value of 121900 and had reduced variance of 17165.42 and still has a good normal distribution and still is the design I would use when sampling this data.  

Other Variables
I visually inspected a few graphs of variables of interest vs. salmon. Most visual inspections gave little indication like El Niño events (in 1941, 1942, 1958, 1964, 1966, 1973, 1983, 1987, 1988, 1992, and 1995), Round Weight Harvest (tons) of fish farm salmon, and many other variables. Other variables that seem to show some relationship visually were Turbidity and La Niña (in 1943, 1951, 1956, 1965, 1974, 1976 and 1989).

For harvest effects I looked at proportion of total catch (%) from 1892 to 1937 as I wasn’t able to obtain any recent data for this parameter from the government in time for this report. It seems that below 50% harvested doesn’t have a large effect but over 50% it either stunts the Sockeye return or reduces the returning population quite a lot for example above 60% harvest seems to reduce the returning salmon a significant amount. 

Please see appendix 1 page 7. This graph is not mine but shows the changes in turbidity (and chromium but ignore the chromium plot) over the years better than I have been able to. It shows that a shift has occurred in when the peak turbidity within a year happens (in summer instead of the traditional spring) and the turbidity levels are becoming much larger in time. 
I attribute this to fire prevention which causes forest fires to occur only under the most ideal conditions for fire and the buildup of fuel (branches and organic debris) from suppression of fire from other year’s leads to these huge infernos late in the summer when it’s dry, time consuming, dangerous, and expensive to fight fires. This leads to large turbidity levels being released into the streams (made worse by the water used to fight the fires carrying the turbidity straight to the stream). Turbidity from fires isn’t hard but it’s sharp and can be hazardous to salmon migrating to their spawning grounds. 
[bookmark: _GoBack]
How Would I Do This Analysis and Simulations If I Could Do It Again
I would filter the data and take out time periods effected by the Hells gate disaster as forest fires were overshadowed by its effects (probably take out the years 1917 to 1927). I would also take out 2009 because it was caused by turbidity from a storm in 2006; take out 2010 because it was artificially enhanced in the lake ecosystem (for 2007 smolts) by a lake fertilization program (started in 2005) that nearly doubled the smolts leaving the lake. 

The years 1986 and 1989 seem to have forest fires when salmon were not migrating and also should be removed (many years seem to have this issue based on people’s account of timing of fires and turbidity data). A lot of the data could be trimmed based on other information such as knowing subsequent years after a large forest fire season might erode more than other years causing a suppression of salmon stocks beyond the year it occurred. It really depends on the timing of the fires (which is not presented very well when analyzing by year), the intensity of the fires, the timing of rain or if the fire is fought by fire fighters (as this makes the effects of the fires worse for salmon), and the location of the fires (near streams or not). If I were to do the analysis again I would try my best to filter the data accurately to the known conditions present. I would also try and include the turbidity data set as it is showing more promise but also has its own problem of having false positives do to dull turbidity (which is measured the same way as sharp turbidity). I didn’t do a lot of turbidity analysis in this report due to the fact the data is quite complicated, with irregular sampling periods, the absents of data in some years, and was over a shorter period of time. 
 
For the simulations I would probably try more methods (SRS with replacement for example) for each data set and try a higher number of simulations. I might also cluster differently as it is very variable per decayed but maybe I could capture more variability for each cluster by splitting the population in a different way. I think for the stratified I chose the correct way of stratifying the population by brood year as this would create strata that had data within each stratum that were most similar. 

Conclusion
Three mysteries are present for sockeye salmon. The first being why are they declining, two why are they spawning later, and three why are some salmon species doing better than the sockeye. From doing my report I can say with some certainty that other species of salmon (i.e. pinks, chum and coho) are doing better than sockeye because they spawn closer to the coast than sockeye and therefore have to travel through less turbidity than sockeye Salmon. I can also say with some certainty that sockeye are spawning sooner in response to turbidity changes due to forest fires occurring in late summer (and burn into infernos and don’t smolder) instead of the traditional early spring (when they smolder more than burn). Using data analysis on the graphs and scatter plots (without data filtering) I have found evidence that sockeye decline due to forest fires (specifically the sharp turbidity from forest fires) more than any other variable that effect salmon. 

For the simulations I found out that the best way to sample sockeye salmon populations on a yearly basis is stratified sampling. I also found that the best way to sample hectors burned in B.C. is SRS.
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