Abstract 
	Competition is one of the driving forces of evolution. There are two different types of competition: interspecific an intrarspecific. Intraspecific competition is when two individuals of the same species compete over the same resource. The intraspecific competition and its consequences- Yoda’s law and law of constant yield were observed in spinach plants, Spinacia vulgaris. Three different pots of different spinach densities had their, mean height, mean weight, total weight and their characteristics measured.  Three research questions were stated; does the density affect mean height and mean weight of the spinach plant, do they follow Yoda’s law and do they follow law of constant yield.  The results suggested that density affects mean height and weight. Also, the spinach plants follow Yoda’s law and law of constant yield. Therefore, the spinach plants undergo intraspecific competition. Moreover, interspecific competition is when two different species compete over same resource. Paramecium bursaria and Paramecium caudatumi species was test for interspecific competition by culturing in mixed and lone cultures. Then, the total number of organisms was found in both cultures. The question was, do the species undergo intraspecific competition? It was found that they did not undergo interspecific competition since each species has its own realized niche. 







Introduction
	Organisms affect one another through five types of interactions; predation, parasitism, commensalism, mutualism and competition (Russell et al, 2010).  Competition is when both organisms get affected and there are two types of competition:  interspecific and intraspecific. Intraspecific competition is when two populations of the same species compete over the same recourse such as food or space (Russell et al, 2010)..  There two laws that apply as a consequence of such a competition, Yoda’s law and law of constant yield (Biology Department, 2011).. The law of constant yield states that the total biomass stays constant throughout different densities of the species. Yoda’s law states that one organism outcompetes the other in a crowded population such that the graph generated will have a -3/2 slope (Biology Department, 2011).. Plants usually compete over space and nutrients while having unlimited access to water, carbon dioxide and sunlight. This doesn’t enable the plants to coexist. 
Moreover, interspecific competition is when two populations of different species compete over the same resource (Russell et al, 2010).. There are two mechanisms for interspecific to occur: exploitive and interference competition (Russell et al, 2010)..  In interference competition the species compete directly over limited resource, which is usually asymmetric (Russell et al, 2010).. In exploitive competition, the species compete in directly by reducing or using the recourses more efficiently (Russell et al, 2010).. 
Paramecium bursaria and Paramecium caudatum have different realized niche which enable them to co-exist (Russell et al, 2010).. Also, they compete on the same food resource ( bacteria) but in different ways (Russell et al, 2010).. Having a different realized niche, implies that each specie use different recourses or the same recourse in a different way. On the other hand, the Gauss competitive exclusion principle states that the species compete in the same time and space over the same resource (Russell et al, 2010)..
The purpose of this experiment was to observe the intraspecific competition in spinach plant (Spinacia vulgaris) and interspecific competition between the Paramecium bursaria and Paramecium caudatum. 






















Method

The experiment consists of two parts:  measuring the spinach (Spinacia vulgaris) plants characteristics grown at different densities and collecting data for Paramecium species from single-species and mixed cultures. In the first part, three random spinach pots with different densities were chosen. The dimensions of the pots were measured to ensure that they were identical, and each had a dimension of 50.41 cm2.  Each pot was labelled from 1 to 3. The plants were then harvested in the same manner, by cutting the stem at 2 millimetres above the root using a razor. The number of plants in each was determined after harvesting the plants. By observation, the difference between the stem length, shape of leaves, color and stem width of the plants were summarized in a table.  After harvesting, the total weight of each plant was measured using Denver instrument MXX-212. Then, the mean weight was obtained by dividing the total weight with the number of plants present. The mean height was measured by using a meter rule, from the bottom of the stem to the top of the leaf, for each leaf and then divided by the number of plants present. The three measurements, mean height and weight, and total weight were summarized in a table. The correlation test and two tailed test –using Excel 2010- were used to reject or not reject the null hypothesis. 
For the second part, two different species were used; Paramecium bursaria and Paramecium caudatum. The species had four different growth period; 0, 5, 10 and 20 days for growth. The species were divided into four different specimens; P.caudatum (lone), P. Bursaria (lone), P.caudatum (mixed) , and P. bursaria (mixed) . The mixed solution for both species initially had equal numbers of both species. Four slides were prepared for each specimen solution, in order to count the number of species in each growth period. To prepare a slide, two drops of the specimen’s solution was placed on both ends of the slide, using a pipette. One to two drops of Protoslo solution was added on the drops of the specimen, to slow down the species; and this eased counting of the species.  A coverslip was added on the drops and the specie was examined under the light microscope Nikon 100517 microscope, using 10X lens. The same procedure was repeated each growth period and specimen, resulting in a total of 16 prepared slides. The counts were taken sequentially from one edge of the coverslip to the other edge. Afterwards, the counts were then summarized in a table. Lone cultures were counted first to get familiar to the shape of P.caudatum and P. Bursaria. The class data was then obtained and by observation the results were concluded. 










Results
	For the first part of the experiment, the characteristics of each plant density was described and summarized in table 1. Pot 1 had short and thin stems, light green leaves and straight shaped leaves. Also, the mean density for pot 1 was 25 plants. As for pot 2 which had highest mean density (28), plants had medium sized stems, normal green and round leaves. Finally, the lowest density (24) pot was pot 3, containing dark green and round leaves with long and thick stems. The density of the pots ranged from the 5 to 88 plants (from the class data). The standard errors for the mean density of the pots were high; ranging from 4.83 to 5.46. 
Table 1 The Characteristics for Spinach (Spinacia vulgaris) pots
	Plant feature
	                                        Spinach (Spinacia vulgaris) pots

	
	Pot1
	Pot 2
	Pot3

	Mean Density 
	25
	28
	24

	Standard error
	5.46
	5.94
	4.83

	Stem length
	Short
	Medium 
	Long

	Shape of leaves
	Straight
	Round
	Round 

	Color
	Light green
	Medium green
	Dark green

	Stem width
	Thin
	Medium
	Thick



	The mean height, total weight and mean weight for each pot was calculated and summarized in table 2. Pot 1 and 2 had the same mean height of 5.2cm, however, the standard error (SE) shows that the mean of pot 2 has a higher error (0.662cm) than pot 1 (0.187cm).  Pot 1 and Pot 3 had similar mean weight (0.24g and 0.26g) and total weight (3.20g and 3.34g). Note that the standard error for both measurements was similar. Also, pot 3 had the highest mean height, 5.6 cm. In addition, the highest weight of 3.51 g and lowest mean weight of 0.17g. 
Table 2 The mean height, weight and total weight for the spinach (Spinacia vulgaris) pots with standard error
	Pot No.
	Mean Height (cm)
	Mean weight(g)
	     Total Weight(g)

	pot1
	5.2
	0.24
	3.20

	SE
	0.662
	0.0618
	0.301

	pot2
	5.2
	0.17
	3.51

	SE
	0.187
	0.0213
	0.215

	pot3
	5.6
	0.26
	3.34

	SE
	0.498
	0.0572
	0.314



The class data was separated into two groups according to the median; high and low density groups; each had sample size equal to 18 pots. The median was found to be equivalent to 19.4 plants. 
The first research question was, does the density of the spinach plant, Spinacia vulgaris, affect both mean height and mean weight? The two tailed t-test using Excel 2010 was used to answer this research question. The mean height and mean weight were plotted against the density – as shown in figure 1 and 2, respectively. Data in table 3 were used to plot figures 1, 2, 3 and 4.
For figure 1, the mean height of the least dense spinach (6.2 cm) was greater than of the densest spinach (4.5 cm). From the two tailed t-test it was found that the density of the spinach plant does affect the density ( t-test, p<0.05 , df=34 ). Therefore, the null hypothesis assuming no effect on the density was rejected. 

Figure 1 Mean height for Higher and lower dense spinach (S.vulgaris)
	For figure 2, the mean weight for least dense spinach was greater than densest spinach plants, 0.35g and 0.09g, respectively.  It was concluded – using t-test – that the mean weight of the spinach plants were affected by its density (t-test, p<0.05, df=34). Therefore, the null hypothesis assuming that the density doesn’t affect the weight was rejected. 

Figure 2 The mean weight of the lower and higher density spinach plants (S.vulgaris)
The minimum density for plant to grow without competition is shown in the following equation, 
Minimum Density =  
		     
		     = 11.25 cm2 / plant 

The second research question was whether the plants follow the law of constant yield. In order to answer the research question a correlation test was done on figure 3.  The total biomass of the plant was plotted against their density, in figure 8. A trend line is passed through the points to estimate there relationship. The calculated R was greater than the critical value of R. This shows that the spinach plant S. vulgaris does follow law of constant yield (Correlation, p<0.05, df=34).  

Figure 3 The Total Biomass of the spinach plants (S.vulgaris)
	Do the spinach plants follow Yoda’s law? That was the third research question, which was tested using correlation test on figure 4. In figure 4, the biomass mean of the plant was plotted against their density in logarithmic scale. Then a trend line was added to verify the variables relationship. The slope of the graph was found to be equal to -1.181; which differ by 32% from Yoda’s law slope (-1.5) . From the correlation test, it was found that the R calculated was larger than critical value. Therefore, the spinach plants does follow Yoda’s law (Correlation, p<0.05, df=34).

Figure 4 The mean Biomass of the spinach plant (S.vulgaris)
	For the second part of the experiment both species Paramecium bursaria and Paramecium caudatum were observed under a light microscope; and scientific drawing was represented in figures 5 and 6 , respectively. Both of the species had cell membrane, nucleus and cytoplasm. The P.caudatum , in figure 6 , had an oval shape with narrow edges ; while Paramecium bursaria, in figure 5, had an oval shape with round arrows. The figures 5 and 6 are in appendix A. 
	The main research question for the second part was, is there any interspecific competition between Paramecium bursaria and Paramecium caudatum. The mean number of species for each growth period for the class was calculated and summarized in table 3. The P.caudatum had the highest number of organism throughout the period of growth in the lone cultures except after 10 days of growth period. However, the P.bursaria had higher number of organisms except after 10 days of growth period. The standarded error ranged from 0.633 to 5.82.  
	                                          Period of growth 
	Standard Error with corresponding growth period

	Species and culture
	0
	5
	10
	20
	0
	5
	10
	20

	P. bursaria, lone
	1.89
	4.78
	6.78
	10.6
	0.633
	1.22
	1.44
	3.09

	P. caudatum, lone
	4.67
	6.22
	6.33
	15
	1.48
	0.813
	1.07
	3.72

	P. bursaria, mixed
	2.19
	5.22
	6.67
	14.1
	0.806
	1.07
	1.46
	5.76

	P. caudatum, mixed
	3.44
	6
	5.22
	13.5
	0.929
	2.33
	3.13
	5.82


Table 3 Mean number of P.bursaria and P.caudatum in lone and mixed cultures including standard error

To obtain the number total number of organisms for each species, the following equation was used (including a sample calculation) , 
Total number organisms =   (Equation 2)
			     = 
 The total number of organisms for each species and culture were found using equation 2, and the data obtained were plotted in figure 7 and 8.  In figure 7, the total number of organisms in lone culture was plotted against their growth period in days. The P.burasria (in blue) shows almost a constant increase in the number of organisms throughout the 20 days. On the other hand, the P.caudatum (in brown) increases constantly from days 0 to 5 and 10 to 20, while, from day 5 to 10 there has been a drop in the number of organism. The P.caudatum  had a higher number of organisms at the 20th day (  15000) than the P.burasria ( 10555). 

Figure 7  The total number of organisms over 20 days for P.burasria and P.caudatum in lone culture
In figure 8, the total number of organisms in mixed culture was plotted against their growth period in days. The P.bursaria showed a constant increase in the number of organisms. The P.caudatum had a similar trend to that of figure 5, except that the starting number of organisms was lower. Also, the P.caudatum and P.bursaria had almost the same number of organisms at the end of the 20th day. By observation from figure 6, there is no interspecific competition between Paramecium bursaria and Paramecium caudatum since the number of both species increases in the mixed culture.

Figure 8 The total number of organisms over 20 days for P.burasria and P.caudatum in mixed culture






Discussion
	Competition is when two or more organisms compete over a certain resource. Competition is one of the interactions; predation, parasitism, commensalism, mutualism. This competition which has one benefiter and other harmed, leads to adaptation and eventually evolution of the organisms. This driving force could be seen in interspecific and intraspecific competitions (Russell et al, 2010).  
In intraspecific competition, the individuals of same species compete over the same resource in the same time and space (Russell et al, 2010). An example of intraspecific competition was found in spinach plants, Spinacia vulgaris. The competition that occurred was mainly on nutrients and space since they are found in limited amounts, while, water, carbon dioxide and sunlight were abundant for the plants. The competition occurred in the same niche, since both individuals have the same realized niche.  S.vulgaris was planted in different densities ( 3 pots) and their characteristics were recorded in table1. The control was the plant grown in the minimum density (11.25 cm2 / plant) since it had the least competition The research questions proposed were; does the density affect the mean height and mean weight, does the spinach S.vulgaris follow Yoda’s law and does the spinach S.vulgaris follow law of constant yield?  The results in table 1, by observation showed that as the density changed, the stem length and width, and leaves changed from pot to another. Also, the mean height, mean weight and total weight in table 2, changed from pot to another. In order, to have a more accurate answer for the research question the two tailed test was done on figure 1 and 2; that shows mean height and mean weight of low and height density, respectively. Thus, the test showed that the density affects both mean height and mean weight (t-test, p<0.05, df=34). In an experiment by A.Kothari , it was found that the grass (Dichanthium annulatum) also undergo intraspecific competition however, they had different effects than spinach. A.Kothari had 4 different pots of grass at different densities (Kothari et al , 1974).
There are two consequences of intraspecific competition: Yoda’s law and law of constant yield. Yoda’s law shows relationship between density and total biomass of the plant, which is caused by the process of self thinning among plants (Russell et al, 2010).  The S.vulgaris does follow Yoda’s law (correlation test, p<0.05, df=34) as shown in figure 4. Also, the slope of the graph (figure 4) was 32% below the actual Yoda’s slope (-1.5). In addition, the characteristics from table 1 showed that at higher density there the stems of the plants get thinner; which proves presence of self thinning process. Moreover, Law of constant yield states that the biomass becomes constant due to the limited amount of resource caused by competition. From figure 3, it was found that the S.vulgaris followed the law of constant yield (correlation test, p<0.05, df=34). 
In interspecific competition, two populations of different species compete over the same resource. This competition results in an increase of the most fit species density over the least fit one (Russell et al, 2010). The competition could be either of two mechanisms: exploitive or interference. Exploitive competition is an indirect competition in which one species reduces or used the resource in a more efficient way than the other species. On the other hand, interference competition – mainly asymmetric- is a direct competition between species such as fighting. These competition results in four different kinds of consequences: competitive exclusion, niche differentiation, local extinction and impacts on communities(Russell et al, 2010). The Gauss competitive exclusion states that species cannot coexist if they use same resource in the same time and way. The niche differentiation process in when two species use the same resource in different part of the fundamental niche, thus minimizing the competition(Russell et al, 2010). 
The two species, Paramecium bursaria and Paramecium caudatum, were tested whether they had interspecific competition or not. Both of them compete over same food ( bacteria) but not water, oxygen or space since they are available in abundant .The mean number of the species in lone and mixture culture was recorded in table 3 and helped in the calculation of the total number of organisms. The species in lone culture were the control experiment. By observation, from figure 7 and figure 8, both species were found to coexist, at reduced number, and did not face any interspecific competition. In figure 8, when the species were mixed together, both of them increased to almost the same number. This observation proves the presence of the niche differentiation process. Each species has a different realized niche but same fundamental niche although they feed on the same resource; therefore the competition was minimized, resulting in an increase in number and efficient reproduction. P. caudatum feeds on the upper side of the slide while P. bursaria feeds on the bottom side of the slide. The realized niche is usually smaller than the fundamental niche (Russell et al, 2010). The Furthermore, the exploitive competition and Gauss competition principle of exclusion were not present since both of the species increased in number (figure 8).  Furthermore, it was found that lone cultures of both Paramecium had a logistic growth while in mixed cultures on species out competed the other, in an experiment done by G.F. Gause. (Russell et al, 2010). Gause results were different from the results obtained in figures 7 and 8, since there was no logistic growth and both species co-existed.
The scientific drawings in figures 5 and 6, P.bursaria and P.caudatum respectively, showed that P.caudatum was larger than P.bursaria despite their similar appearance.  In addition, this shows that the size of species does not have an effect on the competition.
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