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Introduction 

Tropical forests are a haven for biodiversity. Determining the driving forces behind this pattern 

of high diversity in tropical forests has been a question that researchers have been investigating 

for quite some time. It is thought that violations of the competitive exclusion principle allow for 

greater diversity (Wright 2002, Connell 1971, Janzen 1970). Tropical tree species violate this 

principle in different ways and persist in competition against one another through a variety of 

mechanisms, ultimately, to obtain reproductive success. Reproductive success is when an 

individual is more successful at surviving and reproducing respective to other individuals of the 

species (Bergstrom and Dugatkin, 2012). Many different mechanisms can affect reproductive 

success and many different characteristics can drive these mechanisms.  

 

Reproductive success in plants results from a number of processes. Fruit production (the number 

of seeds that the tree produces initially) is the starting point for measuring reproductive potential. 

Fruit production in individuals can be affected by factors such as the amount of available 

resources (e.g., light, water, and nutrients) and competition by the surrounding neighborhood of 

plants for those resources (Lee and Bazzaz, 1982, Graham and Wright et. al. 2003). Another 

specific limiting resource to consider is the availability of pollen. In dioecious, self-incompatible 

tree species, pollen limitation occurs when the frequency of male individuals in the surrounding 

neighborhood is too low to allow for the fertilization of ovules in a female individual (Burd 

1994). While past studies have argued for either resource limitation or pollen limitation driving 

fruit production in plants (Campbell and Halama 1993), these processes are not necessarily 

mutually exclusive and can both simultaneously play a role in determining fruit production. 
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Once fertilization has occurred, fruit and seeds start to mature. However, not all will mature. 

Ovules and fruit may be absorbed or aborted by the plant. Further, the potential for loss of these 

seeds must be considered. Insect predation is a process that causes a loss of many viable seeds 

from the total seed crop produced (Mezquida and Olano 2013). Moreover, there is strong 

evidence that predators play a role in reducing seed crops and determining the diversity of 

tropical forests (Carson and Schnitzer 2008, Janzen 1970, Connell 1971). When more fruit is 

produced in one area (either due to an individual crop or a conspecific neighborhood), it is more 

likely that more insects will be attracted to that area to predate upon the seeds. The mechanism of 

predation lowers the reproductive success of the individual crop/the conspecific neighborhood as 

a whole by removing a large portion of seeds and decreasing the probability that a conspecific 

individual will replace the adult individual. This allows for other species to enter the area and 

thus increases local and community diversity (Carson and Schnitzer 2008). Pre-dispersal insect 

predation is a method of predation that affects seeds when they are still on the tree. The evidence 

of this type of predation is easy to measure, by the observation of an exit hole from the insect 

larvae when looking at seeds underneath the canopy of a tree. It has been shown that 58% of 

insects are host-specific at the family level of plants, and 99% of granivores are family-specific 

predators, with larval host plants being more specific to predators than adult host plants 

(Novotny and Basset 2005). Therefore when considering the effect of density dependence on the 

rate of pre-dispersal insect predation, both the seed crop of the individual and of the conspecific 

neighborhood of trees should be considered (Jones and Comita 2010, Mezquida and Olano 

2013). An increase in the number of seeds produced per individual and per neighborhood may 

attract more insect predators to the area, which would likely lead to a higher percentage of seeds 

being predated upon. However, it is possible that predator satiation occurs at the highest levels of 
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seed production (Augspurger 1981, Jones and Comita 2010), when a tree produces more seeds 

than the insect population can consume, allowing some seeds to escape and survive to seedlings.   

 

Finally, after considering the number of seeds produced and accounting for the loss of some of 

the seed crop from predation, reproductive success is also influenced by germination rate. The 

variation in germination of seeds can be affected by several factors and trade-offs. For example, 

Leishmans (2001) shows a trade-off between seed number and seed size. All else being equal, 

the size of a seed can then affect the burgeoning plant’s ability to survive and establish, as larger 

seeds contain more resources that are necessary to the growth and development of the new plant. 

However, each parent individual only has a certain amount of energy to invest in reproduction 

and cannot produce both numerous and the largest seeds. Another principle that could affect 

germination rates is inbreeding depression. Inbreeding depression is the result of having two 

parent individuals that are closely genetically related. The offspring of these two closely-related 

individuals have lower vigor and less chance of surviving than the offspring of two unrelated and 

genetically different individuals. Pollen limitation may increase the chance of inbreeding 

depression in the offspring if there are few male trees in the area and these male trees are all 

highly genetically related to the female tree (Gonzalez-Varo & Traveset, 2010).   

 

Fruit production, insect seed predation, and germination are therefore important factors that 

affect the fitness of individual plants. To explore how factors may affect fitness of tropical trees, 

I took measurements of fruit production, pre-dispersal insect predation, and germination rates for 

10 individuals of Virola surinamensis, a common dioecious tree in the semi-deciduous tropical 

forest of Panama. To determine what drives variation in these different processes, I measured the 

size of each focal tree (quantified as canopy area) and estimated the amount of competition for 
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abiotic resources that each tree experienced (quantified as level of liana infestation and basal area 

of neighboring trees) to determine how tree size and resource competition affected fruit 

production. I estimated the amount of competition for pollen (quantified as basal area of 

neighboring non-fruiting conspecific neighboring trees) to determine whether there was a pattern 

of pollen limitation that affected fruit production or a pattern of inbreeding depression that 

affected the germination rates of seeds. I also estimated the fruit crop at the individual scale 

(quantified as total number of seeds produced and mean seed weight) and the fruit availability at 

the neighborhood scale (quantified as fruiting conspecific basal area of neighboring trees) to see 

if these characteristics affected variation in post-seed-production reproductive success 

mechanisms (insect predation and germination).  

 

Hypotheses: 

1. Fruit production will primarily be affected by the parent tree’s access to resources and 

pollen, with larger female trees that are closer to male trees producing more fruit. The 

level of competition in the surrounding neighborhood for these resources will also affect 

fruit production, with trees in high areas of competition producing fewer fruit.  

2. Insect predation will increase with seed availability at both the individual and 

neighborhood scale.  

3. Germination rate will be affected by seed weight/seed number trade-offs and by pollen 

availability and inbreeding depression.  
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Methods 

Study Site  

I conducted my research in a tropical lowland forest on Barro Colorado Island (BCI) in the 

Panama Canal Zone (9º09’N, 79 º 51’W). Annual rainfall ranges from 193 to 363 cm, with the 

wet season starting in May and lasting through mid-December (Croat 1979). The average annual 

temperature is 27º C (Leigh, E.G. 1999). Tree diversity varies widely on the island (Hubbell, et. 

al. 1999). Large to medium trees are at peak flowering activity in March and April, while fruiting 

activity has its largest peak in April and then a second, smaller peak in August (Croat 1979). 

 

Species Description 

Figure 1: Virola surinamensis seed 

Virola surinamensis (Rol.) Warb. (Myristicaceae) is a canopy 

tree that occurs from Costa Rica and Panama to Brazil. It is 

listed as one of the more common trees on Barro Colorado 

Island, mainly being found in the old forest areas (Croat 

1979). The fruiting period of Virola trees is between April and 

September, with a peak in July or August (Howe 1983). The 

seeds of V. surinamensis are covered by a red aril and each 

seed is held inside a yellow, bivalved capsule [Fig.1]. There is 

one seed per fruit. When the fruits ripen they dehisce, the seeds are eaten by bird or monkeys or 

drop to the ground, and afterward the woody capsule then also drops to the ground, where it can 

persist for up to a year (Croat 1979, Howe and Vande Kerckhove 1981).  

 

Fruit Counts, Canopy Area, and Insect Predation 
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To estimate fruit production, 10% of the projected canopy area of the tree was randomly 

sampled. Canopy area of each tree was measured by staking transects in 8 directions (N, NE, E, 

SE, S, SW, W, NW) to form wedges out from the trunk of the tree to the edge of the canopy. The 

area of each wedge was calculated, and the eight wedge areas were added together to get the total 

canopy area. Canopy area was divided by ten to determine how many sample quadrats were 

needed. Quadrats were 1 m
2
 and were randomly placed along the transects beneath the measured 

canopy area of the tree. Fruit counts recorded number of mature fruit (i.e. capsule with mature 

seed still attached), immature fruit, whole capsules without seeds, half capsules without seeds, 

intact seeds, seeds with fungal damage, and seeds with insect predation damage (as indicated by 

the presence of an exit hole in the seed). Total estimated fruit production was calculated with the 

formula (Howe 1981):  

Total = (fruit + seed + whole capsules + (half capsules/2)) ∙ 10.  (1) 

Fruit counts were completed twice, once during the fruiting season in August and once after the 

fruiting season was over in November for the ten focal trees. Total fruit counts at time one and 

time two were highly correlated (r = 0.973,  P < 0.001), so data from the August counts were 

used in all statistical analyses. Percent insect predation was not correlated at time one and time 

two (r = 0.41, P = 0.24), so insect seed predation for each time period was analyzed separately. 

Average insect predation was calculated within categories of low, medium, and high fruit 

production to determine whether there was a significant difference in the level of insect predation 

between categories.  

 

 

Neighborhood measurements 
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Competition was quantified in terms of liana infestation and size and basal area of neighboring 

trees in order to determine if competition with the neighboring plants had an effect on fruit 

production. To quantify liana infestation, each tree was scored on a four-point scale (by 

categories of 025%, 25–50%, 50–75%, and 75–100%) that measured how much of the canopy of 

the tree, on sight, showed signs of liana infestation (van de Heijden et. al., 2010). To quantify the 

neighborhood of surrounding trees, transects were measured in 8 directions (N, NE, E, SE, S, 

SW, W, NW) to form wedges from the trunk out to 30 meters. Within each wedge, the diameter 

at breast height (DBH) of trees were measured 1.3 meters from the ground. Conspecific (same 

species) trees with a DBH of 10cm or greater were thought to be of large enough size to be 

flowering and fruiting adults and thus were measured and recorded. Heterospecific (different 

species) trees with a DBH of 30cm or greater were thought to be of large enough size to make an 

impact on resource competition and thus were recorded and measured. In order to estimate 

neighborhood fruit and pollen availability, we recorded whether the neighboring conspecific 

trees were fruiting or non-fruiting, with the assumption that non-fruiting trees were male. From 

the DBH of each tree, the conspecific and heterospecific basal area was calculated with the 

formula BA=(DBH/2)
2
xpi.  

 

Seed Mass 

Seed mass was measured in eight out of ten focal tree species. To measure fresh mean seed mass, 

50 seeds were collected and weighed together for each tree. The weight was divided by the 

number of seeds to obtain the mean seed mass for the tree 

 

Germination Rates 
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Germination rates were measured in eight out of ten focal tree species. To determine germination 

rates of seeds, at least 50 (and up to 350) seeds were collected from underneath the canopy of 

each focal tree. These seeds were then surface sterilized by first removing the arils and then 

being soaked in a 70% ethanol solution for two minutes, being rinsed with water, being soaked in 

a 10% bleach solution for two minutes, and being rinsed with water again. The seeds were then 

germinated in trays of soil sterilized by autoclaving. Seed were monitored for eleven weeks to 

determine germination rates of each focal tree. 

 

Statistical Analysis 

A linear regression model was used to determine the effects of different variables on fruit 

production. Generalized linear models with binomial errors were used to determine the effects of 

different variables on the proportion of seeds that were predated by insects and the proportion of 

seeds that germinated. All statistical analyses were done in the R statistics package version 3.0.2 

(R Core Team 2013). 

 

Results 

Fruit Production 

Estimated fruit production was variable between trees, (mean = 5,957.5 ± 4,632.3 (SD), range = 

735–17,265). A linear multiple regression model was used to determine if plant competition for 

abiotic resources (defined as liana infestation and basal area of heterospecific neighboring trees), 

plant competition for pollen (defined as basal area of fruiting conspecific neighboring trees), 

seed weight, pollen limitation (defined as non-fruiting conspecific basal area) or tree size 

(defined as canopy area) had any effect on seed production. There was no significant effect of 

plant competition or seed weight on fruit production, but tree size was found to be significantly 
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positively correlated with fruit production (r
2
 = 0.79, P = 0.014) [Table 1, Fig. 2a]. No 

significant correlation was found, indicating that there is no seed weight/seed number trade-off 

taking place in the focal trees studied [Table 2, Fig 2f]. 

 

Variable Estimate Standard 

Error 

T value Pr (>|t|) 

Intercept 1868.8 2491.25 0.750 0.4949 

Canopy area 30.04 7.22 4.160 0.0141* 

Liana 655.09 1095.86 0.598 0.5822 

Heterospecific Basal 

Area 

-0.017 0.014 -1.185 0.3015 

Non-fruiting 

Conspecific Basal 

Area 

-0.14 0.16 -0.918 0.4107 

Fruiting Conspecific 

Basal Area 

0.49 0.48 1.027 0.3626 

 

Table 1: Results of fruit production linear model - Canopy area is the only 

independent variable that had a significant effect on the number of fruit produced by an 

individual 
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Figure 2. Fruit production in Virola surinamensis. A) Fruit production as a function of tree size – 

There is a positive correlation between tree size (measured as canopy area) and fruit production. 

2B) Fruit production as a function of liana infestation; C) Fruit production as a function of 

heterospecific basal area; D) Fruit production as a function of non-fruiting conspecific 

basal area; E) Fruit production as a function of fruiting conspecific basal area; F) Fruit 

production as a function of mean seed weight – There is no correlation between liana 

infestation, heterospecific basal area, non-fruiting conspecific basal area, fruiting conspecific 

basal area, or mean seed weight and fruit production 

 

 

2A) 2B) 2C) 

2D) 2E) 2F) 
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Variable Estimate Standard Error T value Pr (>|t|) 

Intercept 16520.00 17753.71 0.931 0.388 

Mean Seed 

Weight 

-80.14 136.31 -0.588 0.578 

Table 2: Results of fruit production vs. mean seed weight model – The model indicates that 

there is no seed number/seed weight tradeoff happening in fruit production. 

 

Insect Predation  

Insect predation rates were highly variable among focal trees (mean= 24.4% ± 23.0% (SD), 

range = 6.9–76.3%)  in the August counts. A generalized linear model with binomial error was 

used to determine whether the surrounding conspecific neighborhood (defined as basal area of 

neighboring trees) or total fruit produced affect insect predation rates. Insect predation rates were 

found to be significantly negatively correlated with fruiting conspecific basal area (P = 0.0242) 

and total fruit (P < 0.001) [Table 3a]. However, when using the model with binomial errors the 

data was found to be overdispersed. When using a generalized linear model with quasibinomial 

errors to account for the overdispersion, predation rates were not found to be significantly 

correlated with any of the independent variables [Table 3b]. Results for percent insect predation 

at time two (November) showed a significantly positive correlation between insect predation and 

both total fruit (P < 0.001) and fruiting conspecific basal area (P < 0.001) when tested with a 

generalized linear model with binomial error [Table 3c]. However, data was overdispersed in this 

model and a generalized linear model with quasibinomial errors was used to account for this.. 

Neither total fruit nor conspecific basal area were significantly correlated with insect predation in 
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the generalized linear model with quasibinomial errors [Table 3d]. The highest predation rates 

were present at intermediate levels of fruit production, while trees with low and high seed 

production both showed lower levels of insect predation rates. The high variability in the 

intermediate category of fruit production meant that insect predation rate differences between the 

low, medium, and high categories of insect predation were not significant [Fig. 3a, 3b].   

 

Variable Estimate Standard Error T value Pr (>|t|) 

Intercept -6.69e-01 1.29e-01 -5.18 2.2e-07*** 

Total Fruit -1.08e-04 1.18e-05 -9.13 <2e-16*** 

Fruiting Conspecific 

Basal Area 

-1.02e-04 4.52e-05 -2.25 0.0242* 

Table 3a: Results of predation rate generalized linear model with binomial errors (August) 

– Total fruit and fruiting conspecific basal area were found to be significantly negatively 

correlated with predation rate.  

 

Variable Estimate Standard Error T value Pr (>|t|) 

Intercept -6.69e-01 7.72e-01 -0.867 0.414 

Total Fruit -1.08e-04 7.058e-05 -1.53 0.170 

Fruiting Conspecific 

Basal Area 

-1.02e-04 2.70e-4 -0.377 0.717 
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Table 3b: Results of predation rate generalized linear model with quasibinomial errors 

(August) – None of the independent variables were found to be significantly correlated with 

predation rate. 

 

Variable Estimate Standard Error T value Pr (>|t|) 

Intercept -4.17e-01 1.88e-01 -2.213 0.0269* 

Total Fruit 1.92e-04 4.65e-05 4.134 3.57e-05*** 

Fruiting Conspecific 

Basal Area 

3.383e-04 6.816e-05 4.964 6.92e-07*** 

Table 3c: Results of predation rate generalized linear model with binomial errors 

(November ) – Total fruit and fruiting conspecific basal area were found to be significantly 

positively correlated with predation rate. 

 

Variable Estimate Standard Error T value Pr (>|t|) 

Intercept 4.17e-01 5.02e-01 -0.830 0.434 

Total Fruit 1.92e-04 1.24e-04 1.550 0.165 

Fruiting Conspecific 

Basal Area 

3.38e-04 1.82e-04 1.861 0.105 

Table 3d: Results of predation rate generalized linear model with quasibinomial errors 

(November) – None of the independent variables were found to be significantly correlated with 

predation rate. 
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Figure 3A) Insect predation rates – The data shows insect predation rates increasing towards 

medium levels of seed production and then decreasing at the highest levels of seed production. 

This pattern could indicate density dependence at low to medium levels of seed production and 

insect predator satiation at high levels of seed production.  

Figure 3B) Level of insect predation – Insect predation rates were highest in medium levels of 

seed production and lowest at the lowest and highest levels of seed production. Insect predation 

rates were also most variable in the intermediate level of seed production. 

 

Germination  

Germination rates were highly variable (mean = 25.9% ±18.2% (SD), range = 7.6–57.0%) 

amongst eight focal trees. Generalized linear models with binomial error were used to determine 

whether the pollen availability (quantified as non-fruiting conspecific basal area), seed weight, or 

total seeds produced affected germination. Total fruit production was found to be significantly 

negatively correlated with germination rates (P < 0.01) and non-fruiting conspecific basal area (P 

= 0.0984), while mean seed weight did not show a correlation with germination rate [Table 4a]. 

3B) 3A) 
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However, the data was found to be over-dispersed in the model with binomial errors. When 

using a generalized linear model with quasibinomial errors to account for the overdispersion, the 

model showed that none of the independent variables tested were significantly correlated with 

germination rates [Table 4b].  

 

Variable Estimate Standard Error T value Pr (>|t|) 

Intercept -9.49e-01 5.86e-01 -1.619 0.1054 

Total fruit -1.31e-04 1.83e-05 -7.169 7.55e-13*** 

Non-fruiting 

Conspecific 

Basal Area 

-2.20e-05 1.33e-05 -1.652 0.0984 . 

Mean Seed 

Weight 

6.21e-03 3.92e-03 1.585 0.1130 

Table 4a: Results of germination rate generalized linear model with binomial errors– Total 

fruit and non-fruiting conspecific basal area were both significantly correlated with germination 

rates, while mean seed weight did not have a correlation with germination rates.  
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Variable Estimate Standard Error T value Pr (>|t|) 

Intercept -9.49e-01 5.088 -0.187 0.861 

Total Fruit -1.308e-04 1.58e-04 -0.826 0.455 

Non-fruiting 

Conspecific 

Basal Area 

-2.20e-05 1.16e-04 -0.190 0.858 

Mean Seed 

Weight 

6.21e-03 3.40e-02 0.183 0.864 

Table 4b: Results of germination rate generalized linear model with quasibinomial errors– 

None of the independent variables were significantly correlated with germination rate. 

 

Figure 4A) Germination rate as a function of mean weight 

Figure 4B) Germination rate as a function of total number of seeds 

 

4A) 4B) 
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Discussion 

Out of the three factors studied, fruit production was the only one that showed a significant 

relationship (with tree size). Insect predation did not have a significant relationship with seed 

availability, but a pattern of density dependence and insect predator satiation may be indicated in 

the data. Germination did not show a relationship with a seed weight/seed number trade-off or 

show any relationship that was indicative of inbreeding depression.  

Fruit Production 

Given that the only variable found to be a significant driver of fruit production was tree size 

[Table 1, Fig. 2a], it is clear that being a larger individual is beneficial to the reproductive 

success of the plant. A larger parent tree is better able to compete for and obtain resources such 

as sunlight, water, and soil nutrients. This pattern matches ones that have been found in previous 

studies (MacFarlane and Kobe 2006, Thomas 1996, Eriksson and Jakobsson 2000; Weiner and 

Thomas 2001). Obtaining more physical resources allows for more energy to be allocated to 

reproduction and more seeds to be produced. A larger canopy area would be able to take up more 

sunlight for photosynthesis. Also, a larger canopy area could be indicative of a larger root 

system, because larger trees would need more support, and that could better allow the tree to take 

up more soil nutrients and water from the soil.  

 

Because there was no significant correlation between mean seed weight and total number of fruit 

counted [Table 2, Fig. 2f], there doesn’t seem to be a trade-off between seed weight and seed 

number, despite a trend in this direction. This trade-off principle was not a strong enough driver 

to be seen in the population studied. This could be because that tree size has such a strong 

relationship with seed number, and the effects of that relationship need to be removed for 
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evidence of a trade-off pattern to be seen (Michaels et. al. 1988). Other studies have found that 

while a seed weight/seed number trade-off can be seen among different tree species, within 

species variation in seed weight and seed number is more highly correlated with environmental 

conditions and that, in general, a species tends towards one strategy (either fewer, larger seeds or 

many, smaller seeds) when investing energy in reproduction (Primack 1978, Hardin 1984).   

 

Competition for abiotic resources or pollen did not seem to be a factor in affecting fruit 

production [Table 1, Fig. 2b, d, e]. In terms of pollen limitation, a higher number of neighboring 

fruiting conspecifics was hypothesized to have a negative effect on fruit production because 

there would be increased competition for pollen. However, a higher number of neighboring 

fruiting conspecifics could also attract more pollinators to the area, which would positively affect 

fruit production. Additionally, a higher number of e neighboring fruiting conspecifics could 

indicate that the area that the neighborhood is in is a particularly suitable habitat for Virola trees 

and therefore the trees have higher fruit production due to the positive effects of living in that 

habitat. Previous studies have shown that limiting sunlight can cause negative effects on tree 

species (Virolle et al. 2009). However, because the focal trees were canopy-emergent it is 

unlikely that heterospecific neighboring trees would have any effect on the tree’s ability to take 

up sunlight. Other factors, such as cloud cover could limit the amount of sunlight that the trees 

receive (Wright and Barret 2005), but determining this was outside of the limitations of this 

study. Liana infestation did not seem to limit the trees’ fruit production either. This could be due 

the different mechanisms by which lianas inhabit host trees. There is evidence that lianas inhibit 

fruit production by constricting the growing twigs in the canopy and by reducing leaf area in 

certain parts of the tree. Both of these can cause the breakage of twigs and branches in the 

canopy and decrease the fecundity of the host tree (Kainer et. al. 2006). Different species of 
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lianas have variable strategies on how to most efficiently obtain resources without damaging the 

host tree. Some lianas focus on taking advantage of unused light gaps below the canopy. This 

allows these species of lianas to avoid using the thinner, newer branches in the canopy for 

support and doesn’t block much of the host tree’s canopy from obtaining sunlight, which would 

be detrimental to the host tree and could cause it to die. Other lianas are more aggressive in their 

competition for light and support from the host trees, but lianas still obtain only 40–80% of the 

light that the host tree canopy does (Ichihashi and Tateno, 2001). The mechanisms and drivers of 

liana success are still not fully understood, but research is ongoing to more fully understand how 

lianas interact with the environment. 

  

Because non-fruiting conspecific neighbor basal area was not correlated with total fruit 

production [Table 1], the female focal trees don’t seem to be pollen-limited. If this were the case, 

there would be a significant positive correlation with non-fruiting conspecific basal area and the 

fruit production of the focal trees. Therefore I would assume that this is not a significant driver of 

fruit production in this Virola surinamensis. However, I would suggest that further studies be 

done to come up with more conclusive results Studies using different methods of quantifying 

pollination (e.g. distance of male trees from female tree) (House, 1992) and looking how 

pollinators can affect fruit set (e.g. long distance vs. short distance pollinators) (Koptor, 1984) 

have found that fruit set is affected by pollination when looking at these factors.  This 

experiment made assumptions about non-fruiting conspecific neighboring trees: first, that these 

trees were male individuals and second, that these trees flowered and produced male pollen. It 

would be more accurate to check to ensure that both of these are actually true. Another factor to 

consider is that more non-fruiting conspecific trees in the neighborhood could offer more pollen, 

but at the same time increase the competition for resources in the area. In this case, the positive 
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effects of increased pollen availability could be cancelled out by the negative effects of increased 

resource competition. Additionally, this data was limited to 10 trees from one fruiting season. It 

is a known phenomenon that trees vary in fruit production from year to year (Mezquida and 

Olano 2013, Herrera et al. 1998, Kelly and Sork 2002), and it would be more accurate to have a 

dataset that analyzes fruit production over the course of multiple fruiting seasons in order to 

ascertain if the variables analyzed have a significant effect on fruit production.  

 

Insect Predation 

Though none of the variables tested were found to significantly affect the proportion of seeds 

predated upon [Table 3b], qualitatively the data indicates a pattern of density dependence and 

insect predator satiation. Negative density dependence is indicated as the proportion of seeds 

predated upon increases with increasing fruit production, and then insect predator satiation is 

indicated when that proportion peaks near the intermediate level of fruit production and then 

drops as fruit production continues to increase (Janzen 1970, Connell 1971, Mezquida and Olano 

2013, Jones and Comita 2010).  

Given that the data collected is so variable, this specific part of the study would be worth 

repeating with a larger sample size and over a longer period of time to account for the spatial and 

temporal differences that are related to the variation in fruit production. Varying fruit production 

may be a strategy that allows trees to have higher reproductive success (Mezquida and Olano, 

2013). By producing fewer fruit, the trees would attract fewer insect predators and would likely 

have fewer seeds predated upon. Conversely, by producing more fruit, the trees would attract 

more insects. But when producing the most fruit, trees overwhelm the insect population and 

insect predator satiation occurs. When this happens, the insects cannot eat as large of a 

proportion of the seeds produced and this can compensate for the viable seeds that were lost; it 
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allows the tree to still be reproductively successful. Varying these strategies in different years 

means that the ecosystem interactions are constantly changing. This sort of behavior encourages 

negative density dependence interactions in the ecosystem and violates the competitive exclusion 

principle.  

 

Germination  

Mean seed weight was not correlated with germination rate [Table 4b], indicating that seed size 

is not indicative of seed quality in terms of germination. Seed weight has been found to be 

influenced largely by the pressure to attract dispersers and the pressure to have adequate 

resources to germinate and establish as a seedling. Dispersers generally prefer smaller seeds, 

while larger seeds have more resources to provide to the emergent seedling. (Howe and Richeter 

1982). Additionally, larger seeds may produce larger seedlings, giving them a competitive 

advantage against other seedlings. A study by Moles and Westoby (2004) also did not find a 

correlation between germination rate and seed weight, but did find a relationship between both 

seedling establishment and seed weight and sapling establishment and seed weight. The time 

limitations of my study did not allow me to monitor the seedlings past the emergent seedling 

stage, but it would be interesting for future studies to look into the relationship of  mean seed 

weight and seedling/sapling establishment.  

 

Germination rate was not related to non-fruiting conspecific basal area (Table 4b). In past 

studies, germination rate has been found to be higher in seeds that have been cross pollinated 

(having a lower degree of genetic relatedness between parents) than those that are self-pollinated 

(having the highest degree of parental relatedness) (Gonzalez-Varo and Travaset 2010). If non-

fruiting conspecific neighbors were of different degrees of genetic relatedness, a trend in 
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germination rates may exist. However, the results from my experiment don’t show inbreeding 

depression and this could be because all pollen donors (the non-fruiting conspecific trees present 

in the neighborhood) are equally closely related. If this is the case, then a varying number of 

pollen donors would not affect the quality of the seeds and therefore would not affect 

germination rate. Another factor to consider again is the assumptions about non-fruiting 

conspecific neighboring tree. In future studies it would be more accurate to ensure that these 

individuals are actually male and did flower during the pollination season. 

 

Overall 

My sample size was limited to eight to ten trees (depending on the data analyzed) and the time 

period that I had to collect the data was limited to ten weeks (during one fruiting season). Only 

having ten data points from one fruiting season could allow for sampling error to skew the data 

in ways that a larger sample size over multiple years would be more immune to. Additionally, 

species interactions are complex and vary over time and space. It is possible that the variables 

investigated here do impact reproductive success to some degree, however not any one variable 

was found to be a major driver in any of the three processes studied. 

 

I suggest that further studies with a larger sample size and over multiple years to include more 

fruiting seasons would be worthwhile, especially in the case of insect predation. A trend of 

density dependence and predator satiation is suggested by the data collected, but a significant 

relationship could not be found given the variation in insect predation rates of the ten trees that I 

studied.  
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