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Figure 4. Incidence of cavities in C. fornicata, caused by the excavation of shell material by C. 

celata.  

  



 

 

22 

CHAPTER 3 

RESULTS 

Population Surveys 
 

Density varied significantly across populations (Kruskal-Wallis: c2(.05)(4)=77.7262, 

p<0.0001). The Heady Creek site exhibited the highest density of C. fornicata, while SGV 78 

exhibited the lowest density of our five survey sites (Table 1). Prevalence of C. celata also varied 

across the five sites (c2(.05)(4)=64.994, p<0.0001), ranging from 0.82% (1 individual, Ponquogue 

Bridge) to 35.8% (Old Fort Pond, Table 1). Although there was variation within and among 

populations, the mean size of C. fornicata fell between 32 and 36mm, and the mean stack size 

varied from 2.7 to 5.3 individuals per stack (Table 1). 

The majority of individuals across all populations were females (54-61%, Table 2). 

However, the size at sex-change (L50) varied among the populations. L50 within the SGV90 

population (35.122 mm, CI: 33.097-36.674 mm) differed significantly from that of the Old Fort 

Pond population (29.857 mm, CI: 27.468-31.526 mm) and the Ponquogue Bridge population 

(30.895 mm, CI: 28.947-32.512 mm, Table 2).  No other populations were different from each 

other. 

The effect of sponge presence on C. fornicata health (relationship between shell length 

and tissue mass) was variable across my study sites. Within two of the four populations faced 

with C. celata  infestation, shell length affected dry tissue weight but the presence of C. celata 

itself did not: Heady Creek (One-Way ANCOVA; SL: F(1,180)=301.0643, p<0.0001, Sponge: 

F(1,180)=2.3973, p>0.1) and SGV 78 (SL: F(1, 119)=900.8097, p<0.0001, Sponge: F(1,119)=2.6572, 

p=.1057). SVG 90 was complicated by a significant interaction between shell length and C. 

celata presence on dry tissue weight (GLM; F(1,124)=8.0083, p=0.0054), resulting in a deviation 
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in tissue mass between those with and without infestation, particularly at larger sizes (Figure 

5A). Only within the Old Fort Pond population did the presence of C. celata have a significant 

effect on dry tissue weight (F(1,162)=9.4814, p=0.0024) while controlling for the effect of shell 

length (F(1, 162)=165.3338, p<0.0001). Individuals with sponge had lower tissue weights in 

relation to their shell length than those without incidence of C. celata (Figure 5B). Comparisons 

could not be made within the Ponquogue Bridge population due to the low incidence of C. celata 

(only 1 individual). In all surveyed populations (excluding Ponquogue Bridge), females had a 

higher probability of being infested than males (Heady Creek: (c2(.05)(1)= 13.419, p=0.0002),  Old 

Fort Pond: (c2 (.05)(1)=8.446, p=0.0037), SGV 78: (c2 (.05)(1)=7.507, p=0.0061), SGV 90: 

(c2(.05)(1)=5.091, p=0.0240).  

Comparing shell lengths between sponge-infested and non-infested individuals across 

sites was difficult due to sample size. At Ponquogue Bridge, only one individual had sponges, 

and only two individuals had sponge at SVG 78. For both Old Fort Pond and SVG 90 

populations, there were no significant differences in the shell length of the largest males, smallest 

females or transitioning individuals between those with and without infestation (Table 3). At 

Heady Creek, however, the largest male in stacks with C. celata were ~6mm larger than those 

without (t(.05)(37)=2.146, p=.0385), whereas smallest females were on average 2.5mm larger when 

sponge was present (t(.05)(44)=1.867, p=.0686).  

Comparisons between high and low sponge prevalence populations 

 To compare additional parameters regarding the effect of C. celata between populations, 

we compared the two sites with the highest (Old Fort Pond) and lowest (Ponquogue Bridge) 

prevalence of C. celata. Density (individuals/m2) was greater at Old Fort Pond than Ponquogue 

Bridge (Welch’s t(.05)(1)=2.4763, p=0.0226), although the mean size of individuals did not differ 
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between these populations (Welch’s t(.05)(1)=1.2236, p>0.1; Table 1). When controlling for the 

effect of shell length, individuals from the Old Fort Pond population had significantly less tissue 

mass for a given body size than the Ponquogue Bridge population (F(1, 283)=6.3591, p=0.0122), 

especially at larger sizes (Figure 6). L50 among these two populations was not significantly 

different (Table 2). The size of the smallest female in each stack was not different between these 

populations (t(.05)(79)=-.60872, p=0.5445). Additionally, the size of transitioning individuals did 

not differ between these populations (t(.05)(7)=-0.59245, p=0.5722). The largest males of each 

stack were, on average, ~4mm larger in the Old Fort Pond population than those from 

Ponquogue Bridge, though this relationship was not significant (t(.05)(75)=1.857579, p=0.0672, 

Figure 7).  

In Situ Experiment 

Overall mortality during the experiment was low (5.56%), although more individuals 

without C. celata died. Growth rate was ~20% higher in the group without C. celata (Mann-

Whitney U= 26188.5, ncontrol=162 ncliona=169, p=0.0321, Figure 8). For all individuals collected, 

presence of C. celata had a significant effect on DTW (F(.05)(2, 367)=14.6037, p=0.0002) while 

controlling for the effect of shell length (F(.05)(2,367)=639.9363, p<0.0001), such that individuals 

infested with C. celata had lower tissue masses for their body size (Figure 9). Condition (dry 

tissue weight/shell length) differed between individuals with and without C. celata at the initial 

(Welsh’s t(.05)(29.28)=-2.481, p=0.0191) and ten-week (Welsh’s t(.05)(79.9)=-2.628, p=0.0103) 

sampling points (Figure 10).   

 The probability of target males in the male-male social treatment initiating (transitioning 

or female) or completing (females only) sex change at the time of sampling did not vary between 

those with and without C. celata at any sampling point (Table 4). Transitioning by males in the 
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male-female social treatment stacks did occur, although the probability of initiating or 

completing sex-change did not differ between those with and without C. celata (Table 5). The 

number of recruits found on individuals was not different between sponge treatment groups 

(Mann-Whitney U= 37111, ncontrol=191 ncliona=196, p=0.4013). At the initial timepoint, the 

number of females (from deployment) brooding embryos was higher in individuals without C. 

celata infestation (p = 0.072) whereas significantly more females in the sponge treatment groups 

were brooding at the final sample point (p = 0.026; Table 6). 
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Figure 5. The relationship between dry tissue weight (g) and shell length (mm) among individuals 

with and without incidence of C. celata infestation within a native C. fornicata population in 

Shinnecock Bay, NY (A: SGV 90, B: Old Fort Pond).   

A 
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Figure 6. The relationship between dry tissue mass (g) and shell length (mm) among C. fornicata 

individuals from populations exhibiting either low- or high-prevalence of C. celata (Low: 

Ponquogue Bridge, High: Old Fort Pond). 
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Figure 7. Mean shell length (± SD) of the (1) largest male, (2) smallest female and (3) 

transitioning individuals of each stack from populations of C. fornicata exhibiting either low- or 

high-prevalence of C. celata (Low: Ponquogue Bridge, High: Old Fort Pond). 
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