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INTRODUCTION 

 

Interactions between gametes, including recognition and fusion, are crucial to 

successful fertilization. These interactions are common to all organisms that 

reproduce sexually, including humans, and are mediated by proteins that cover the 

surface of the egg, and the head of the spermatozoid (Palumbi 2009) An interesting 

characteristic of these proteins is that they can evolve rapidly (Levitan and Ferrell 

2006), even within a population, resulting in a change in gene frequencies coding for 

those proteins (Levitan 2012). When this happens, incompatibilities among sperm 

and egg protein variants within a species can spark speciation events (Palumbi 

2009). An important aspect of reproductive biology is looking for mechanisms that 

can explain variance in these recognition proteins and its effect. Is it advantageous 

to have this variance? Why are some gametes compatible and some not? If genes 

that code for these gamete recognition proteins are linked to other characteristics 

that are genetically determined, we can use those phenotypes to easily identify 

compatible parents for successful fertilization. In that way, we could make 

predictions and hypotheses as to how and why these variances within populations 

lead to speciation events, even in sympatry. 

 

In organisms where fertilization occurs internally, physical reproductive 

barriers, like compatible reproductive organs, can prevent hybridization; whereas 

external fertilization depends immediately on spatial, temporal or compatibility 



barriers between the gametes (Solomon et al 2002). Many marine invertebrates 

reproduce by means of broadcast spawning, where eggs and sperm are released into 

the water column (Levitan 1998), often in the same time and place (Harrison et al. 

1984). In these events eggs can be exposed to sperm of different organisms that are 

not limited to males of their own species (Monteiro 2012). Recognition proteins are 

the ones that allow gametes of one species to recognize each other in the water 

column (Patiño et al. 2009). However, variation in these proteins occurs not only 

among species, but also within species that can result in a semipermeable barrier 

that will decrease the probability of a spermatozoid of successfully fertilizing an egg 

that doesn’t share its exact recognition proteins (Palumbi 1999). Variation in 

gamete recognition proteins was found to be advantageous in Strongylocentrotus 

franciscanus where two different genotypes for the allele that codes for sperm-

bindin performed best at different population densities (Levitan 2012). However, 

understanding how within species protein variation arises and is maintained 

remains a largely unexplored phenomenon (Tomaiuolo and Levitan 2010). 

 

Lytechinus variegatus, a widely known species of sea urchins in the scientific 

community, exists in different color morphs commonly found all over the Atlantic 

Ocean and the Gulf Coast (Wise 2011). It is commonly found on shallow water areas 

that host vast amounts of sea grass beds. (Simon and Levitan 2011) 

It is common to see specimens of Lytechinus variegatus of many color 

expressions in St. Joseph Bay, Florida; an area known for large numbers of seagrass 



beds of different sizes that can be seen as patches on a sandy bottom. (Simon and 

Levitan 2011) L. variegatus eat, primarily, turtle seagrass (Thalassia testudinum) 

and can be commonly seen in large quantities attached to the short shoots and 

blades of it. In addition, you can also find individuals of L. variegatus attached to 

mussel shell beds and, on occasion, on sandy areas between seagrass patches. 

(Valentine et al. 2000) This project took place throughout their spawning season for 

the year 2014 that ranges from March to early November (Reuter and Levitan 

2010). 

Large numbers of eggs or sperm can be obtained from one individual, which 

makes gamete interaction research in sea urchins very convenient. Previous studies 

have shown that differences in fertilization success within a species was related to 

color expression in Echinoderms. For example, in Paracentrotus gaimardi there is a 

significant decrease in fertilization success in heteromorphic crosses than in crosses 

between same morphs of color expressions (Lopes and Ventura 2012). In addition, 

differences in gamete recognition proteins have been found in different color 

expressions of P. gaimardi as well. (Calderon et al. 2010)   

 

Wise (2011) studied different frequencies of color morphs for different regions 

throughout the range where L. variegatus occurs. She found 14 color morphologies, 

out of which only 9 were found at St. Joseph Bay. She also determined that spine 

color was determined independently from other traits like test color, and that green 

and purple were co-expressed when present. (Wise 2011) However, conclusions 



about the mode of inheritance of the white phenotype are unclear. Based on 

personal observations, the white phenotype seems to be incompletely dominant over 

green and purple, as individuals that are partially white and green or purple can be 

seen. 

Preliminary work by doing crosses within and between color morphs of L. 

variegatus assessed the possible existence of variation of gamete recognition 

proteins associated with different color morphs. Differences in fertilization success 

were discovered between color morphs; results that can be linked to differences in 

gamete recognition proteins found around eggs and sperm and indicate the 

possibility of assortative mating. 

 

In this study, I examined three aspects of the reproductive ecology of 

Lytechinus variegatus. First, I explored their behavior in terms of their spatial 

distribution to find patterns of association of color and whether or not these 

patterns change over time through their spawning season. Then, I performed 

fertilization experiments across and within color morphs to determine differences in 

fertilization success within a population of L. variegatus. Finally, I analyzed  the 

distribution of color morphs in a population of these sea urchins to find evidence of 

assortative mating leading to deviations from Hardy-Weinberg equilibrium.  

 

If gamete recognition proteins are more similar within a color morph, we 

would expect for similar morphs to aggregate as a mechanism to increase 



fertilization success when spawning gametes into the water column. This possible 

color aggregation can be a mechanism in which assortative mating can be 

maintained in a population. If colors do aggregate, they can evolve mechanisms to 

facilitate fertilization with neighbors that are closest to an urchin.  

Crosses between and within color morphs, assuming their gamete recognition 

proteins are different, can allow us to make observations as to whether or not we 

can predict success of fertilization based on similarities of spine coloration. Higher 

fertilization success within the same color morph, compared to crosses between 

color morphs represent direct evidence for assortative fertilization within a 

population of sea urchins.  

A genetic analysis of the variation in the alleles that code for color of spines 

can provide evidence for the effects of assortative mating in this species of sea 

urchin.  A deviation of the distribution of spine color in a population from expected 

distributions of a population in Hardy Weinberg equilibrium can be supported by 

the hypothesis of assortative mating between color morphs of L. variegatus. 

 

 

 

 

 

 

 



MATERIALS AND METHODS 

 

Patterns of distribution based on color 

I used surveys to plot patterns of spatial distribution of L. variegatus 

according to color morph to assess the possibility of a trend for aggregation in 

urchins of the same colors during spawning season and possible shifts in 

distributions with the lunar cycle, which is associated with spawning peaks in sea 

urchins of L. variegatus (Reuter and Levitan 2010). Haphazard quadrats of 1m2 

were used to map location and color of each urchin in a grid. Urchins were 

categorized using a standardized key-palette (fig. 1) used for the entirety of the 

project.  Urchin categorization consisted on a two-color system that describes the 

coloration of primary spines from test to tip, as seen on figure 1b. Nearest Neighbor 

Distances (NND) and Morisita’s Indexes of Dispersion (Id) for each color, each 

sampling date, were calculated from these maps. NND were obtained by measuring 

the distance of each urchin in the grid to the nearest urchin to it. Morisita’s indexes 

of dispersion were calculated using the formula:  

 



where n is the number of quadrats, X the number of urchins of one color per 

quadrat, and N the total number of urchins of that color in all quadrats. An index of 

1 represents random distribution, whereas an index greater than 1 represents 

clumping or aggregation. 

 

 

Nearest Neighbor Indexes were calculated from a ratio of observed NND to 

expected random NND, which is the distance expected between urchins if the 

observed number of urchins were randomly distributed in 1m2.  A ratio of 1 

represents an equal ratio of observed NND and expected mean NND, which means 

that the urchins in the plot were randomly distributed; however, a ratio smaller 

a 

b c 
Figure 1. (a) Key-palette used for the entirety of the project was used to maintain a standard 

comparison for photography with different lighting as well as for categorization. (b)  Sea 

urchin categorized as Green-Purple due to its coloration from test to tip. (c) Different color 

morphs of Lytechinus variegatus: green (top), white (left) and purple (bottom). 



than 1 would indicate that the urchins are aggregated and closer together than 

expected if distributed at random, whereas a ratio larger than 1 would represent a 

regular distribution of urchins in 1m2. An ANOVA was used to determine 

differences in the distribution of NNI between sampling dates throughout the 

spawning season of L. variegatus to assess a possible shift in how clumped urchins 

are with the lunar cycle. A Chi-square Goodness of fit test was used to determine 

whether an index of dispersion was significantly different from 1, which would 

represent a random dispersion. 

 

Patterns of assortative fertilization 

Crosses between and within color morphs were be done to quantify the 

percent of successful fertilization occurrences in each possible combination of 

gametes for the different color morphs. Gametes were obtained by injecting each 

urchin with 0.4 mL of 0.55 M KCl. Concentrations of dry sperm samples were 

calculated using a hemacytometer. All crosses were performed using concentrations 

of sperm standardized to 106 cells•ml-1. To avoid a bias from a specific male or 

female, the sperm and egg samples used for each cross were gametes from different 

individuals. Additionally, for each cross, egg density was quantified from each 

sample and diluted to a standardized concentration of 2000 cells•ml-1. Fertilization 

success was done by scoring what percentage of eggs were fertilized out of 100 eggs, 

after each fertilization trial. For each trial sperm was added for 15 seconds and then 

washed out using a 30um nitex mesh. An ANOVA determined differences in 



average fertilization success across different types of crosses. Crosses were 

categorized according to the colors of the parents. An ANOVA determined possible 

differences between average fertilization success for each type of cross, and a 

Tukey’s Post Hoc test determined possible individual differences or similarities in 

fertilization success between crosses. 

 

 

Test of color frequency deviations from Hardy-Weinberg equilibrium 

From maps used on the aggregation analysis, number of sea urchins of each 

color category was quantified and used to calculate frequencies of each category. A 

chi square goodness of fit test was used to determine if observed frequencies of each 

color category deviate from expected distributions of a population in Hardy 

Weinberg equilibrium.  

 

 

 

 

 

 

 

 

 



RESULTS 
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Additionally, Morisita’s Indexes of Dispersion indicate a shift in aggregation 

with different days of the lunar cycle. As indicated on figure 3, urchins of the same 

color tend to aggregate towards the beginning and end of the lunar cycle, which 

correspond to the new moon. 

 

 

 
 

Figure 3. Mean of the deviations of Morisita’s index of dispersion of each color from the index 

of dispersion of all urchins independent of color sampling day according to lunar day. A general 

linear model analysis revealed a significant polynomial behavior of the mean deviation of colors 

from clumping independent of color and lunar days. (p-value<0.05) 

 

 
 

 

 

 

 

Patterns of assortative fertilization 
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DISCUSSION 

Urchins aggregate by color around the new moon, which is an interesting effect 

because both the full and new moon are peak spawning times for L. variegatus. An 

interesting pattern that was observed is that all white urchins seem to only perform 

well if crossed with another white urchin. Because crosses between colors seem to 

be equally successful, they were all grouped as non-white morphs. Crosses between 

non-white sea urchins (e.g. green, purple or a combination of) seem to have 

performed equally to those of all-white parents (fig. 6). Furthermore, crosses 

between half white and non-white urchins (WX-XX) seem to be an intermediate 

between all white crosses and white-non-white crosses. These results together   

indicate that assortative fertilization occurs in this species based on the presence of 

the white allele. Assuming incomplete dominance of white and colors, and 

codominance of green and purple, fertilization experiments predict the deviation 

from H-W equilibrium of color distribution. In that way, the deficiency of semiwhite 

morphs and surplus of white or colored urchins can be seen as evidence of 

assortative mating in this population of Lytechinus variegatus. 

 The directionality of the effects of assortative mating and color remain 

unknown, but there is vast evidence of it in this population of Lytechinus 

variegatus. Understanding the mechanisms that allow and maintain assortative 

mating is crucial for any efforts in the conservation of any species. The ecological 

advantages or disadvantages of differences in coloration of these urchins have not 



been profoundly explored, but assortative mating can explain how and why these 

differences in phenotypes emerged and are maintained in this species.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FUTURE WORK 

To complement the findings of this project I would like to sequence the gene 

of the gamete recognition protein bindin for several individuals of different color 

morphs.  For sequencing of bindin, DNA extracted from tube feet from each 

individual will be amplified using primers used by Zigler and Lessios (2004), 

LYTIN-F (forward) and LYTIN-R (reverse) for loci between 552 and 1089 base pairs 

of the gene. I also designed primers from sequences of individuals of L. variegatus 

sequenced by Zigler and Lessios 2004, GenBank: AY183342.1, AY183344.1, 

AY183345.1, AY183346.1, AY183350.1 and AY183351.1.  I was able to get two 

forward primers and one reverse primer to sequence loci between 1 and 552 base 

pairs of the gene. The sperm bindin protein has been shown in other studies to 

directly influence gamete compatibility (Zigler et al 2005).  

After sequencing sperm bindin for different individuals, I will compare them 

to look for polymorphisms. If the sequences are polymorphic enough, crosses with 

multiple males that vary in color can be done to measure who wins in sperm 

competition trials. The winner of these trials will be determined by rearing 

offspring from these experiments and conducting a test using the bindin sequences 

as indicators of paternity. However, if these sequences between parents are not 

polymorphic enough, microsatellite markers will be used as indicators of paternity. 

For these trials where eggs are offered a choice of sperm I will also perform no 

choice trials with each of the sperm samples, to quantify fertilization success that 

will work as predictions to see who the winner of these trials should be. Genetic 



sequencing of different color morphs for their sperm bindin protein genotype will 

determine if there is a genetic linkage between this gamete recognition protein and 

a color morphology of primary spines, as well as providing data as to how variable 

the population is on this specific protein coding gene.  
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