Abstract
The purpose of this experiment was to examine intraspecific competition of spinach (Spinacia vulgaris) plants and to examine interspecific competition between Paramecium caudatum and Paramecium aurelia. Intraspecific competition was investigated by collecting three pots of spinach grown under the same controlled conditions at different densities and examining the pot’s dimensions, and plant features such as plant density per pot, mean height, total weight and mean weight. Interspecific competition was investigated by inspecting the number of individuals of each species from a single-species or mixed culture prepared 4, 8, 16, and 22 days prior to the lab. Due to intraspecific competition, the spinach plants with lots of resources had visibly larger seedlings in height and weight than plants that got fewer resources. Due to interspecific competition, the population for P. aurelia mixed decreased continuously over the 22 days while the population for P. caudatum mixed only decreased on day 22. Intraspecific competition is more intense because it involves two species fighting for the same thing.






Introduction
Competition is a natural mechanism used for survival or other reasons, and it can happen anywhere in the world, between different species or even within the same species. Competition that occurs within a species is called intraspecific competition, which is when individuals within a population fight for the same limited resources in an ecosystem between each other (Biology Department, 2011). Intraspecific competition is commonly seen in plant populations, because neighbouring plants all compete for resources such as nutrients, sunlight, and water (Linhart et a., 1988).  Plant populations in the wild are not dispersed uniformly naturally, which will results with plants in different shapes and sizes, and mortality for nutrient-deprived plants that were too close to a more competitive plant. And because plants are rooted to their grounds, they cannot just unroot itself when a neighbouring plant is blocking their sunlight so they can get the resource that they need (Antonovics et al., 1980). 
When two or more species are fighting to get the same limited resources in an ecosystem, the competition that occurs between the populations is called interspecific competition (Biology Department, 2011). The intensity of interspecific competition occurs depending on the competitiveness of the two species. As populations increase, the more competitive species will be more successful in gaining the resources needed in order to survive, thus the weaker species will die off from the lack of resource (Antonovics et al., 1980). The purpose of this lab is to examine intraspecific competition between Spinacia vulgaris and interspecific competition between P. caudatum and P. aurelia. 

Methods
Intraspecific competition was investigated for spinach (Spinacia vulgaris) plants. Three pots of spinach with different densities and self-thinning were collected. The side lengths of each pot were measured. The densities of plants in each pot were recorded. Features such as the colour, size, and shape of leaves; and the stem width were recorded. Then each plant within each pot was harvested by using a razor to cut the stem as close to the soil as possible, and the mean height was calculated. The total weight of plants for each pot were then weighed a scale named Denver instrument MXX-212. Harvesting differences were minimized by having the same person taking the same type of measurements between the pots. Data analysis was made for the Thursday AM class data from Excel 2007 for a t-test and correlation. 
	Interspecific competition was investigated for P. caudatum and P. aureli from lone and mixed cultures. The samples of Paramecium were made 4, 8, 16, and 22 days ago for each of the three of cultures. A replicate of well-stirred culture solution was placed on a slide. Two drops of Protoslo was placed on top the culture to slow the organism down. A cover slip was placed, and the slide was examined under the microscope called LEICA DME. The method used to examine the slides was to start from the top left corner, then move all the way to the right, and then move in a continuous “S” motion down the slide until the whole slide has been examined, and all organisms were counted. This procedure was then repeated for all four types of organisms for the four different time frames. 


Results

Figure 1 – Mean plant height with standard error along with low densities less and equal to 34 and high densities greater than 34 of Spinacia vulgaris.

Figure 2 – Mean plant weight with standard error along with low densities less and equal to 34 and high densities greater than 34 of Spinacia vulgaris.

Figure 3 – Correlation of the total biomass and plant density of Spinacia vulgaris and the trend line and R2 value.

Figure 4 – Correlation of the log density of Spinacia vulgaris and the log of individual biomass and the trend line and the R2 value. 


Figure 5 – The total number of organisms and the period of growth for P. caudatum, alone and P. aurelia, alone.

Figure 6 – The total number of organisms and the period of growth for P. caudatum, mixed and P. aurelia, mixed. 

Table 1 – Characteristics of Spinacia vulgaris plants
	Plant features
	Spinach (Spinacia vulgaris) pots

	
	Pot 1
	Pot 2
	Pot 3

	Density
	0.80/cm2
	0.60/cm2
	1.48/cm2

	Colour of leaves
	Dark green
	Lighter dark green
	Very dark green

	Size of leaves
	1.5cm x 1cm
	1.5cm x 1cm
	3.5cm x 1.5cm

	Stem width
	Thin
	Thin
	Thick

	Shape of leaves
	Oval
	Oval
	Circular



Table 2 – Quantitative results of Spinacia vulgaris plants for the BIOL 1104 Thursday AM class.
	Density
	Average mean height (cm)
	Average total weight (g)
	Average mean weight (g)

	≤ 34
	6.50
	5.07
	0.23

	> 34
	5.30
	4.80
	0.10



Table 3 – Thursday AM class results for average number of Paramecium
	Days
	4
	8
	16
	22

	P. caudatum, lone
	0.86
	0.57
	1.43
	2.14

	P. aurelia, lone
	0.29
	3.43
	7.28
	5.43

	P. caudatum, mixed
	0.86
	0.86
	1.71
	0.86

	P. aurelia, mixed
	0.57
	1.14
	2.29
	2.00


There was a significant difference between high and low densities and mean plant height (T-test, df=37, p=0.03). There was a significant difference between high and low densities and mean plant weight (T-test, df=37, p=0.000043). There was not a significant difference between plant density and total biomass (Pearson’s R, df=37, R2=0.126) and the null hypothesis cannot be rejected. There was a significant difference between log density of plants and log of individual biomass (Pearson’s R, df=37, R2=0.8064). The minimum area possible necessary for growth without inhibition is the number of plants divided by the area of the pot; thus 47/(5.3cm)2=0.60/cm2. 










Discussion
The difference in higher density and lower density Spinacia vulgaris plants shows that intraspecific competition exists (Figure 1, Figure 2). The law of constant yield is seen even though the slope of plant density and total biomass that it is not completely 0, but -0.0135; however it is so close to 0 that it could be disregarded (Figure 3). Yoda’s law states that the slope needs to be -3/2 for the graph to be significant, however the slope for the log density of plants and log of individual biomass was -0.60 which is still liable according to some biologists, who has said that a slope of -3/4 can also be used (Figure 4) (Brown et al., 2000). Lone cultures of Paramecium caudatum and Paramecium aurelia shows independent growth, and shows signs of intraspecific competition (Figure 5), but mixed cultures of the Parameciums shows interspecific competition (Figure 6, Table 3). At days 4, 8, and 16, both species grew independently; however on day 22, there is a huge dip in population for P. aurelia. The different characteristics between spinach plant pots shows that plants with a higher density per pot had greater intraspecific competition than pots with lower density (table 1). The quantitative results of spinach plants also shows intraspecific competition; where average mean height, average total weight and the average mean weight was a lot larger in pots with a lower density. A pot with lower densities of spinach plants do not have to fight that much for the resources that they need, or against very close neighbouring plants, so intraspecific competition is not all that much present (Antonovics et al., 1980). 
	Similar results were found in rye, where seedlings next to a very competitive neighbouring plant will die due to the lack of competition they have (Ayres et al., 2006). The Paramecium indicated competitive exclusion because P. Caudatum in the mixed culture was dying off. Competitive exclusion indicates that if one of the two organisms that were competing was even a bit more competitive than the other, interspecific competition, and competitive exclusion will take effect (Brown et al., 2000). Competition affects the niche an organism can occupy because both of the Parameciums were competing for the same resources provided. The more competitive species will take advantage and get more than the other species that is less competitive. Thus, if the species that is less competitive comes in place with a species that is more competitive, the niche will change because the resources available to them is now limited. Intraspecific competition is more intense because it involves two species fighting for the same thing. 
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