Compromise of reproduction with respect to defense in Ricinus communis fruit and number of visiting ants and EFN glands
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Abstract


Castor plants (R. communi) distribute their energy according to the principle allocation through fabrication of fruits for reproduction and extrafloral nectarines (EFN) glands attracting Argentine ants for defense.  Our experiment explores castor bean compromise fruit size and the number of ants and EFN gland size in accordance to the principle of allocation.  We chose 15 different plants, counted EFN glands and ants from the first four leaf positions from the top, and measured the volume of mature fruit.  We found that there was a positive correlation with fruit volume and the number of ants.  Out results did not show a correlation with fruit volume and EFN glands.  We see that the three factors in the principle of allocation are not always the ones altered, but perhaps the subcategories within each of them are.
Introduction



The principle of allocation states that organisms have a restricted amount of energy available to allocate resources.  Allocating resources is in the relationship between investment in one essential life function and compromise in others (Silvertown & Dodd, 1999).  The three essential life functions are defense, reproduction, growth.  Most higher plant species vary in their use of resources to perform the three fundamental processes (Bazzazz et al. 1987).  Cody (1966) indicated that organisms with limited resources invested in reproduction required a decrease of investment in the other functions.

               The historic view is that plants have secondary compounds that are waste products, but literature has shown that secondary compounds effectively serve as deterrents to herbivores (Fraenkel 1959).  Research has found that the level of herbivory has a negative correlation with investment of specific secondary chemicals (Coley 1983, McKey et al. 1978).  In wild plants, allocating energy for defense correlates negatively with the plant growth rate (Coley 1986).  The castor bean plants produce extrafloral necartarines (EFNs), which are nectar-producing glands not involved with pollination. EFNs attract ants to protect plants against herbivory (Rico-Gray & Oliveira 2007). R. communis investment in EFNs is an investment in biotic defense. 

            There has been little done to examine the principle of allocation at work in R. communis.  The objective of our study is to look at the reproductive allocation in castor bean plants with respect to the biotic defense allotment.   Our aim is to specifically determine if R. communis compromise fruit volume and the number of ants and EFN number.  We hypothesized that more investment in reproduction would lead to a decrease in biotic defense investment.
Materials and Methods

Data was collected at Ballona Wetlands adjacent to Jefferson Blvd. in Marina Del Rey between 1500-1600 hrs on November 25, 2009.  We sampled 15 plants and counted the number of ants and EFN glands from the four leaf positions (Figure. 1).  A single mature fruit was picked from the plant and volume was calculated by measuring the volume of water displaced in a graduated cylinder.  
Spearman Rank Correlation

The total number of EFN glands across all positions, total number of ants visiting in an all positions, and ants visiting leaf positions 1-4 were examined with SYSTAT 12 program.
Results
The total number of EFN glands across all leaf position did not show correlation with fruit volume (P>0.08) (Figure 2).  Total number of Ants visiting across all leaf position and fruit volume showed a positive correlation (P<0.08) (Figure 3).  A comparison of the graphs shows a distribution of the ants in an upward direction while the EFN did not.  The ants analyzed in each leaf position showed only correlation on leaf position #1 (P<0.08) (Fig. 4A).  All other leaf positions that ants visited had no correlation resulting in an un even distribution of the graphs.  
Discussion

Our hypothesis stated that a negative correlation would be found with fruit volume and ants and EFN glands.  It was found that there was no correlation found with fruit volume and EFN glands, but a positive correlation with number of ants visiting.  The most prominent positive correlation was discovered in leaf position #1.  The reason for this was because most ants found in the plant traveled to the top, the location of the fruits.  As we went down leaf positions, the number of ants started to decrease.  The positive correlation was not the exact expected result because we believed that if energy was allocated towards fruit volume, the number of ants would decrease according to the principle of allocation. 
Our results differ from research where the presence of ants on plants with EFN glands reduced herbivory by showing a positive correlation with the number of mature fruit. A contrast from our study was seen with Stephenson (1982) where the investment in fruit was measured by the number of mature fruit instead of fruit volume.  The contrasting results may be partially due to the different units we used to represent defensive investment.  


 Our experiment also found similar results where ants had a positive effect on fruit number and a positive correlation with the number of mature fruit from Schemske and Horvitz (1988).  Plants that invested more in defense did not appear to have compromised investment in reproduction.  Our results suggest that there was no investment taken away from defense or reproduction.  Habitat may be a factor in these results as seen though Harper (1967) that habitat has a significant effect on reproductive allocation. 


An intriguing future study can be one that examines the habitat’s role and influence on reproductive allocation.  This study would be particularly interesting and useful in helping us gain a clearer picture of how the many factors that influence R. communi in the Ballona Wetlands.  An additional possible future study would be to compare the sugar concentrations from different EFNS and find the correlation with the number of ants visiting. 
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Figure 1: Leaf Positions where ants and EFN glands collected
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Figure 2: All EFN Glands counted from leaf positions 1-4, No Correlation
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Figure 3: All Ants visiting counted from leaf positions 1-4, Correlation (P<0.08)
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Figure 4: Number of Ants visiting and Fruit Volume (mL) with results of Pearson Product moment coefficient and P-Value (a) Leaf Position #1-Correlation (P<0.08) (b) Leaf Position #2-No correlation (c) Leaf Position #3-No Correlation (d) Leaf Position #4-No Correlation
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