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Abstract 

Habitat refuges are important ecological spatial components that can alter the survivability of 

organisms by providing relief from ecological pressure, such as predation, disease prevalence, and 

environmental stressors. If a habitat is considered to be a disease refuge this means that something 

unique occurred that reduced disease prevalence and intensity. Two different types of oyster habitats 

(mangroves and reefs) and micro habitats (low and high prop roots and reefs) were studied to 

determine whether differences in the internal environmental of oysters varied between habitats. 

Analysis of internal oyster surface and body temperatures along with oyster body salinity showed that 

differences in microhabitats affected body temperature and salinity. Oysters in both mangrove habitats 

exhibited lower body salinity and lower temperature than those on oyster reefs. We also analyzed 

disease prevalence and intensity of Perkinsas marinas among the different habitats and micro habitats 

by collecting oysters that were >1 year old. Results indicated variability of disease prevalence and 

intensity among the different habitats, with lowered disease prevalence and intensity seen on mangrove 

prop roots. These results indicate that mangrove prop roots may provide a habitat refuge for oysters 

from the parasite Perkinsas marinas. 

Introduction 

Parasites and pathogens are important ecological factors influencing the survival and 

reproductive successes of many organisms. Understanding the relationship between macro- or 

micro-habitats and the success or failure of disease will further enhance our knowledge of 

these systems. Environmental conditions at different areas could be either classified as hot 

spots {favorable disease habitat) or refuge {unfavorable disease habitat) areas. A disease refuge 

has been defined as "areas where disease is absent or sufficiently low to have little impact on 

the survival or reproductive success of susceptible individuals" {WAVes et al. 2009). As a result 

habitats may act as refuges from disease through a number of mechanisms including reducing 

the conditions for the success of the disease {WAVes et al. 2009, Levinton et al. 2011). 

Understanding how a habitat may alter disease progression is vital to understanding host 

parasite interactions {Lafferty et al. 2004, Goodman and Johnson 2011). For instance, habitats 

can provide favorable conditions for the disease depending on environmental setting {WAVes 

et al. 2009). Khan {1990; 1991) demonstrated that the chronic exposure to petroleum 

hydrocarbons will increase protozoan ectoparasites substantially in fish. Similarly, Perez-del 

Olmo {2007) reported an increase in the parasite communities of Boops boops L. {Bogue fish) 

after the 2002 Prestige oil spill. On the contrary habitats can also be unfavorable to parasites. 

Areas with high selenium concentrations are more toxic to parasitic tapeworms than to the fish 
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host, because the fish can tolerate selenium at much higher levels {Riggs et al. 1987). Taken 

together these studies demonstrate the variability among macro and micro habitat and how it 

correlates host parasite prevalence and intensity. Understanding the relationship between the 

success and failure of disease progression in connection with macro- or micro habitats in will 

enhance the awareness of the species being studied. 

Slight changes in environmental conditions such as temperature, salinity, pH, and 

pollution may influence changes in habitats. Furthermore, such changes will then correlate or 

influence changes in the internal environment of an organism; consequently impacting 

parasites and other microorganisms that are found in the host. One example of this is the 

protozoan blood parasites in Australian birds. Lower temperatures found in higher elevations 

can reduce both the development and abundance of blood parasite in birds. In contrast, higher 

temperatures that occur in the lowland areas provide an excellent environment for the 

development and transmission of this parasite {Zamora, Williams, and Johnson. 2012). That 

study showed that rising temperatures are likely to lead to increased prevalence of parasites in 

birds, and may force shifts of bird distribution to higher elevations. They concluded that upland 

tropical areas are currently a low-disease habitat and their conservation should be given high 

priority in management plans under climate change 

High-elevation also provides a disease refuge for variety of species of Hawaiian 

honeycreepers birds on top of the Mauna Kea volcano in the island of Hawaii. Honeycreepers 

living or hatching at an elevation of 1800m or higher have a safe haven from disease 

transmission, because disease prevalence is very low due to lower temperatures {Atkinson et al. 

2009). 

In Florida, the Eastern oyster Crassostrea virginica {Gmelin, 1791) is the most dominant 

oyster species, typically forming sub-tidal and intertidal reefs. It can also be found on the prop 

roots of Rhizophora mangle L., the red mangrove, in many estuarine settings in South Florida. 

Aquino-Thomas and Proffitt {in review.) found evidence that a high percentage {>90%) of 

oysters reside on R. mangle prop roots in the Indian River Lagoon estuary in Florida. This oyster-
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mangroves matrix creates a unique mosaic internal tidal environment with different 

microhabitats. 

Environmental conditions in the intertidal zone vary because the mangrove canopy 

provides different micro-habitats compared to that of a typical oyster reefs. The canopy 

provided by the mangroves offers shading to sessile oysters on the prop root while reef oysters 

are exposed during low tide. Shade will lower summer temperature extremes, and change 

humidity. Also, the prop roots provide topographic relief for the development of oyster. This 

viable oyster habitat is largely understudied and may serve as possible refuge from disease and 

high temperature stress for C. virginica residing on prop roots. 

One notable parasite of C. virginica is the protozoan Perkinsus marinus (also known as 

Dermo) (Mackin, Owen and Collier Levine, 1978) was first described in the Gulf of Mexico 

(GOM) by Mackin in 1950. Oyster die-offs in the GOM were initially blamed on oil spills or 

releases; however Mackin et al (1950) credited Dermo as the major culprit of die offs in the 

GOM. Additional Dermo related die offs were supported and recorded in the early 1990's 

(Ewart 1993). P. marinus proliferates and spreads mostly rapidly at temperatures above 25•c 

(77.F) and requires salinities higher than 12 psu for full epizootic action. It can be suppressed, 

but not eliminated by salinities below 8 psu (Ewart 1993). In Florida P. marinus is found year

around, but has a higher prevalence in the summer and during the dry seasons and is less 

prevalent during the cold, wet, and winter seasons (Ewart 1993). 

The typical transmission of P. marin us occurs in the water column, where parasites are 

released from highly infected oysters that are either gaping or dying. It has been suggested that 

the transmission of P. marinus might be caused by scavengers feeding on dead oysters or by 

Boonea impressa (a parasitic gastropod) that feeds on the oyster hemolymph and acts as vector 

between other oysters (Ewart 1993). The prevalence of P. marinus can be furthered altered by 

changes in estuarine salinity and temperatures which can vary with discharge, tides, and 

seasonal weather patterns. Lower salinity areas tend to result in lower infection rates of P. 

marin us compared to the outer areas of the estuary with higher salinities (Albright eta!. 2007, 

WAVes eta!. 2009, Levinton eta!. 2011). Regional and seasonal changes will also influence the 
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prevalence of infection. Increased prevalence levels are promoted by warm winters and high 

summer waters temperatures (Crosby et al. 1990, Ford 1996, Albright et al. 2007). Recent 

research has suggested that variability among habitats can increase or decrease disease 

prevalence and intensity. Drexler (2011) found differences in Dermo prevalence and intensity 

when comparing oysters amongst reefs, mangroves and sea walls. He reported that mangrove 

prop roots had fewer infected oysters compared to natural reefs. However, Drexler's (2011) 

study had two major flaws that need to be resolved in future research. The first, as stated by 

Helmuth et al. (2006), is that most intertidal studies only measure water temperature and 

salinity and disregard the mosaic patterns of microhabitats. Helmuth et al. (2006) observed that 

numerous microhabitats exist in the intertidal environment that influences the physiology of 

sessile invertebrates. It seems likely that if there are differences in the physiology of sessile 

organisms that there would also be differences in disease prevalence and growth. Second, low 

replicate number. Drexler only studied 8 oysters per habitat, however it has been suggested 

that replicates of 20 or higher per site are needed to fully determine accurate disease 

prevalence and intensity (Marques and Cabral 2007, Bushek pers. comm.at CERF 2012). 

Hypothesis 

This study will build upon Drexler's findings and Helmuth's ideology of mosaic patterns 

of microhabitats among intertidal zones. The research will examine (1) whether differences in 

microhabitats (Reefs vs. Mangroves) affect the internal oyster environment and (2) whether 

these different microhabitats affect the proliferation of P. marinus in oysters? 

Materials and Methods 

A total of five sites with four microhabitats per site were examined in the Indian River 

Lagoon, Florida (Fig. 1). At each site air and water temperature and salinity was recorded. At 

each microhabitat, a 10m long transect was ran across the area (transect length was adjusted 

according to the size of the oyster reefs if necessary). Along this transect 2 points were 

randomly selected to collect C. virginica. At each point, I used a quadrat (100 em by 25 em), 

subdivided into 5 subsampling area (20cm by 25cm) placed parallel to the transect line to 

collect 5 oysters from randomly selected subsampling areas total of 10 oyster per quadrat. 
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Collected oysters were 6.3 em or larger in order to better investigate Derma infection. If a 

sampling area did not have 5 oysters that were 6.3 em or larger then the next largest oyster was 

selected. 

For each oyster I assessed their condition including internal body temperature, surface 

temperature and internal salinity. The surface temperature of each oyster was attained using a 

digital laser thermometer (degrees Fahrenheit) later converted to Celsius. All oysters were 

opened immediately to measure internal body temperature (degrees Celsius) using a fine point 

thermometer and then placed in individual zip lock bags. Salinity (psu) was measured later by 

using the internal fluid from each oyster using a refractometer. Oyster shell length (em), width 

(em), and height (em) were measured to calculate a pseudo volume (em). The total weight was 

measured for each oyster as well as wet meat weight (g) and shell cavity volume weight (g). 

which was used to calculate the condition index as devised by Lawrence and Scott (1982). 

Rectal tissue collected from each oyster was analyzed for P. marinus using Ray's fluid 

thiogylcolate medium (RFTM) a technique devised by Mackin and Ray (1966). The fluid enlarges 

the parasites in the tissues allowing easier microscopic detection. Samples were placed in the 

dark for at least 72 hours before examination, after which the tissues were stained using iodine. 

Samples were examined using a microscope and the numbers of protozoans in each rectal 

tissue sample were counted. The Mackin scale was used to rank the infection intensity on a 0-

5.0 scale, where 5 represents the heaviest infection (termed infection load). 
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Figure 1. Location of Study Sites in the Indian River Lagoon, Florida 

Data Analysis 

Data was analyzed using SYSTAT 12 statistical software. Variables were tested for 

normality using Shapiro-Wilkes test (1965). Disease prevalence was normalized by using a Log 

transformation (Shapiro-Wilkes p-value= 0.089}. I was unable to normalize all other variables. A 

Pearson Correlation was tested for all the variables to determine any possible correlations and 

several Analyses of variance (AN OVA) were tested. First (AN OVA) tested oyster body salinity as 

the dependent variable against site, habitat, micro habitat nested with habitat and surface 

temperature as independent variables. The second (ANOVA) tested oyster body temperature as 

the dependent variable against site, habitat, micro habitat nested with in habitat, surface 

temperatures and body salinity as independent variables. The third (ANOVA) tested disease 

prevalence as dependent variable against site, habitat, micro habitat nested with in habitat and 

body salinity as independent variables. Lastly, disease intensity was tested as a dependent 

variable using the same (ANOVA) model as disease prevalence. 

Results 
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There was 70% correlation between surface temp and oyster body temp. The results 

for oyster body salinity (Fig. 2 & 3) indicated that site (F4=13.260, P<O.OOl), habitat (F 1=58.595, 

P<O.OOl), micro habitat (F2=28.309, and surface temperature (F1=58.595, P<O.OOl) were 

significant. Among the habitats the reef habitat resulted in slightly lower body salinity than the 

reef habitat. Amongst the sites Oslo had the lowest mean body salinity, this likely do to the 

distance away from the inlet. The results for oyster body temperature (Fig. 3 & 4) indicated that 

site (F4=26.976, P<O.OOl), habitat (F1=45.997, P<O.OOl), micro habitat (F2=14.103, P<O.OOl) and 

oyster surface temperature (F1 356.187, P<O.OOl) were significant, while oyster body salinity 

(F1=0.764, P<0.382) was not significant. Due more likely to the canopy cover of the mangrove 

body temperatures varied significantly among the oyster reefs and mangrove prop roots. The 

prop root habitat had constant body temperatures while the crest of the reef had highest body 

temperatures among the micro habitats. 

Results for disease prevalence (Fig. 5 & 6) did not vary among site (F4=0.501, P>0.735), 

and was marginally significant with micro habitat (F2=3.325, P<0.056) and oyster body salinity 

(F1 =8.912, P<0.007). It seems once again that unique habitat of the mangroves is resulting in 

variances of disease prevalence among the two intertidal habitats. While infection intensity 

(Fig. 7 & 8) did vary in micro habitat (F2=5.154, P<0,006), oyster body salinity (F1=6.864, 

P<0.009) and habitat (F1=27.441, P<O.OOl) indicated significant results, however site (F4=1.437, 

P>0.220) did not vary significantly. 
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Figure 2: Oyster body temperature among the different habitats and micro habitats. Values 
presented are the mean ±_standard deviation of the mean. 

Figure 3: Oyster body temperature among the different micro habitats and sites. Values are the 
mean± standard deviation. 
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Figure 4: Oyster body temperature among habitats and microhabitats. Values are the mean+ 

standard deviation. 

1.0 
~tysii ofV:.~i~

5
Rl:0.6i-

ili:!ljrce - . 

O.Q 
~ . . . 
~ . 

Q) o.s i:lliDY_WJ'iU .. 
u :ilJ:ICROKAMliJ(HAIIITt TJ .. . 
c 
~07 
(I)" 

~) 
o:= 0 .6 

I Q) Sites 
~06 
Q) ~ Jl rn 
Q04 • OSLO 

03 II l_! r· • pp 

~ • TB 02- ' • we 
===:Ill 

PRII PRL Rll Rl 

lvllcro Habitats 

Figure 5: Disease prevalence among the different micro habitats and sites. Values are the mean 
+ standard deviation. 
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Figure 6: Disease prevalence among the different habitats and micro habitats. Va lues are the 
mean + standard deviation. 

Figure 7: Disease intensity among the different micro habitats and sites. Values are the mean+ 
standard deviation 
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Figure 8: Disease intensity among the different habitats and sites. Values are the mean + 
standard deviation 

Discussion 

This study indicates that there are differences in the internal environment of oysters 

among the micro habitats. The results of this experiment further support Helmuth's (2006) 

concept of intertidal habitats having a mosaic pattern of different micro habitats that 

experience different forms of environmental conditions and parameters. Results from this 

study demonstrated that exposure and increasing temperature can greatly influence the body 

temperatures of oysters creating different micro habitats. The prop root environment appears 

to offer oysters a refuge form harsh environmenta l conditions during low tidal cycles. Among 

the reef micro habitats, oysters located in the higher portion of the reef tended to have the 

highest surface and body temperatures which are likely due to the amount of time the oysters 

are exposed during low tide. In contrast, the prop root oysters have lower surface and body 

temperatures then the reef habitat. Mangrove habitats could offer an important evolutionary 

advantage to oysters in the future as temperatures increase due to global climate change. 

It would appear from the results that body salinity is influence by site, habitat and 

surface temperature. A possible explanation for the higher body sa linity associated with the 
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reef environment could be evaporation or water loss from increasing surface temperatures. 

Furthermore, data in this study indicates the oysters in the Indian River Lagoon seem to have 

higher salinity then that of the water environment. 

Hoffman (WAVes et al. 2009} and Levinton (2011) demonstrated that different areas 

with in an estuary can serve a disease refuge from P. marinus and Hap/osporidum nelsoni 

(MSX}. Areas in the estuary with lower salinity result in decreased disease prevalence. In 

contrast, as salinity increased so did the incidence of disease prevalence. An oyster that is 

infected by P. marinus can survive if the infection level is low (low numbers of protozoans), 

however depending on the environmental condition of the year following initial infection, 

parasite load can either increase or remain the same (Ford and Tripp 1996}. Studies have shown 

that oysters infected by P. marinus at 25•c all died within a four week period (Hewatt and 

Andrews 1956, Ford and Tripp 1996}. Research has shown that individuals with light infection 

deposited new shell at slower rate than uninfected oysters, while heavily infected oysters failed 

to add new shell (Menzel and Hopkins 1955, Andrews 1961, Burreson 1991}. 

In Florida, the mangrove prop roots, a unique habitat not typically found in other 

northern oyster reef systems, are suitable habitat for oysters. Our results demonstrate that 

disease prevalence of P. marin us will vary between mangrove habitats and reef habitats due to 

abiotic differences in those habitats and the micro habitats found within them. This research 

also suggests that mangrove prop roots could serve as a possible disease refuge for oysters 

from P. marinus. 
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