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Abstract 

First described by Plate (1906), Pyrodinium bahamense is a bioluminescent dinoflagellate 

species which forms a resting cyst as part of its life cycle.  P. bahamense forms large dense 

cyst beds in the flocculent layer of sediments and can remain dormant for decades before 

excysting and forming blooms.  The Atlantic strain has recently been discovered to produce a 

neurotoxin called saxitoxin.  Although saxitoxins are most commonly associated with 

paralytic shellfish poisoning, saxitoxin produced by P. bahamense has been implicated in a 

number of human illnesses following the consumption of contaminated puffer fish originating 

from the Indian River Lagoon, Florida.  The discovery of P. bahamense cysts on seagrass 

blades during an ongoing bloom raised the question of whether manatees, whose diet is 

composed mainly of seagrass, could be at risk of exposure to saxitoxins.  The aim of this 

study was to determine whether P. bahamense cysts can be digested in the manatee 

gastrointestinal tract or if they would pass through intact.  There are no known methods for 

purifying P. bahamense cysts from the contents of the manatee gastrointestinal tract, so it was 

necessary to develop an appropriate protocol using cysts purified from sediments in Tampa 

Bay, Florida.  These methods were then to be used to test whether P. bahamense cysts added 

to manatee digesta break down over time, and also to test archived digesta samples for 

presence of cysts.  A successful method for purifying cysts from manatee digesta could not be 

developed during the span of this study, and so no conclusions could be drawn about the 

likelihood of digestion.  However, archived samples were found to contain P. bahamense 

cysts, confirming that manatees are ingesting them while feeding. 

 

Introduction 

The dinoflagellate species Pyrodinium bahamense was first described by Plate (1906) based 

on specimens collected in the Bahamas.  P. bahamense is now known to be distributed 

throughout the Indo-Pacific and Atlantic oceans, primarily in tropical and subtropical waters 

(Wall and Dale 1969).  It is characterized as a bioluminescent species (Seliger et al. 1971) 

which forms a resting cyst as a part of its life cycle (Azanza 1997).  These cysts, which are 

very hardy and not easily broken (Leanne Flewelling, personal communication), are known to 

form large dense cyst beds in the flocculent layer of sediments and can remain dormant for 

decades before excysting and forming blooms (Dale 1983). 

There has been an ongoing debate regarding the Atlantic and Pacific strains of P. bahamense 

as to whether there are sufficient morphological and physiological differences to warrant 

separate species classification.  The discovery that P. bahamense in the Pacific produce 

neurotoxins sparked even greater interest in their taxonomy (Balech 1985).  Steidinger et al. 

(1980) argued that although there were not enough morphological differences to maintain two 

separate species, sufficient physiological differences existed to warrant varietal status.  

However, in a study conducted by Balech (1985) it was concluded that the only clear 

physiological difference that existed was the production or non-production of neurotoxins.  

He maintained that neurotoxin production alone was not sufficient for varietal status, as this 
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could simply be the result of external factors and not of any innate capabilities or lack thereof 

in P. bahamense.  In theory, regardless of strain or geographic location, all P. bahamense 

could be capable of producing neurotoxins under the right environmental conditions. 

The neurotoxin produced by P. bahamense is saxitoxin (STX), which is known for causing 

paralytic shellfish poisoning (PSP) which can be fatal to humans (Maclean 1989).  Incidents 

involving human mortalities generally occur after the consumption of contaminated shellfish 

(Shumway 1990).  Saxitoxin acts by binding to sites on the sodium channels of nerves, 

blocking the inflow of sodium ions.  This prevents the initiation and propagation of action 

potentials, causing paralysis and eventually death (Ritchie and Rogart 1977).  STX poisoning 

is very similar to tetrodotoxin (TTX) poisoning (Ahmed 1991), which generally occurs after 

consuming puffer fish.  Although TTX is the most common toxin in puffer fish, some of 

these fish have been known to contain STX as well (Ahmed et al. 2001). 

Puffer fish poisoning (PFP) in the United States is usually caused by imported puffer fish 

(CDC 1996), but there have been seven reported cases prior to 1974 of PFP caused by locally 

caught puffer fish in Florida (Ahmed 1991).  The toxins in these incidents were not 

characterized, but it was assumed to be TTX.  However, between January 2002 and May 

2004, 28 cases of PFP were reported caused by puffer fish originated from the Indian River 

Lagoon (IRL) on the east coast of Florida.  Toxin profiles of the puffer fish found STX rather 

than TTX (Bodager 2002), and a survey of IRL biota identified P. bahamense as the source 

of toxin (Landsberg et al. 2006).  This was the first time that saxitoxin production had been 

observed in Atlantic specimens of P. bahamense, and confirmed the argument by Balech 

(1985) that toxin production was likely not specific to the Indo-Pacific specimens. 

In addition to being a public health threat to humans, saxitoxin poses a threat to wildlife as 

well.  STX can be taken up into the food web by small crustaceans, mollusks, bivalves and 

fish, which can serve as vectors for saxitoxin accumulation in larger predators (Abbott et al. 

2009).  This was demonstrated when saxitoxin was implicated in the deaths of 14 humpback 

whales off the coast of Cape Cod, Massachusetts in the late 1980s (Geraci et al. 1989).  In 

this case, STX was thought to be transferred from a toxic planktonic algae to Atlantic 

mackerel, which were then consumed by the humpback whales.  Trainer and Baden (1999) 

postulated that since the voltage-sensitive sodium channel is a highly conserved protein, other 

evolutionarily related species might be similarly susceptible to the detrimental effects of 

saxitoxin.  They tested the binding affinity of saxitoxin in a number of marine mammals, 

including gray whale, humpback whale, sea lion and the Florida manatee.  Their results 

illustrated that saxitoxin binds with a high affinity to excitable brain tissue in all of these 

species, and they argue that neurotoxins such as saxitoxin could be an important factor in 

marine mammal population trends.  This may be particularly true for animals living in the 

IRL and other areas where recurring blooms of P. bahamense chronically expose organisms 

to saxitoxins (Abbot et al. 2009). 

Exposure to algal toxins can occur through a number of vectors.  Until recently, marine 

mammal mortality events in which toxic algae had been implicated had only been 

documented during ongoing blooms, and were often the result of inhalation of aerosolized 
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algal toxins.  However, a manatee die-off in 2002 following the dissipation of a Karenia 

brevis bloom led to the discovery that seagrass can accumulate and transfer brevetoxins to 

higher trophic levels.  This was the first time that a manatee mortality event had been linked 

to the consumption of algal toxins via seagrass, and demonstrated the threat that 

contaminated food webs pose to marine mammals (Flewelling et al. 2005). 

An interesting discovery came when resting P. bahamense cysts were found on seagrass 

blades during an ongoing bloom in Safety Harbor, Tampa Bay, Florida.  A manatee carcass 

was recovered in Safety Harbor during a P. bahamense bloom, and as seagrass is a major 

component of the manatee diet, it raised the question of whether saxitoxins produced by the 

cysts could have been responsible for the death via accidental ingestion.  STX poisoning had 

never been considered as a potential cause of death for manatees, and although in this case 

the necropsy ultimately revealed gastrointestinal complications as the cause of death, the 

question of whether exposure to excessive quantities of P. bahamense cysts could prove fatal 

to manatees remained (Matt Garrett, personal communication). 

The Florida manatee (Trichechus manatus latirostris) is an aquatic mammal found in fresh- 

and salt-water habitats in tropical and sub-tropical regions of the southeastern United States.  

The manatee is one of only four extent species of the order Sirenia, of which all are 

endangered.  They are large, slow-moving animals with thick gray-brown skin, small front 

flippers and a large flattened tail.  Adults are approximately 3.5 m in length and weigh 

1000kg.  Manatees are found in coastal waters, estuaries and freshwater rivers ranging from 

Texas to Rhode Island (Rathbun 1984).  However, they are susceptible to cold stress when 

water temperatures drop below 20°C, so they are rarely found outside of Florida during 

winter periods.  Within the state of Florida, manatees range from the Florida/Georgia border 

to the Biscayne Bay on the east coast, and from the Wakulla River to Cape Sable on the west 

coast (Hartman 1974).  They are considered an indicator species for the seagrass and 

mangrove habitats of South Florida, which are important for a myriad of threatened species 

(FWS 1996).  The manatee is listed as endangered on both the federal and state lists and it is 

the goal of the state’s marine mammal program to conduct a full necropsy on every recovered 

animal (Matt Garrett, personal communication). 

Sirenians are the only marine mammals which are exclusively herbivorous (Best 1981).  

Manatees consume 20% of their body weight each day (Zieman 1982), feeding 

opportunistically on submerged, emergent and floating vascular plants (Smith 1993).  They 

have low metabolic rates, which may be due to their large size and the low nutrient content of 

their food (Zieman 1982).  The combination of their euryhaline distribution and herbivorous 

diet has led to the evolution of a more specialized gastrointestinal tract.  Due to their 

continuous feeding habit, it is unlikely that manatees retain food in their stomachs for 

extended periods of time.  Instead, fragmented plant materials are compressed into a bolus 

and coated in a mucous that may prevent nutrient absorption.  Large volumes of digesta are 

then moved out of the stomach, facilitated by the enlarged duodenum.  The majority of 

digestion takes place in the large intestine, with 70% occurring in the cecum and proximal 

colon.  Although they are hindgut digesters, manatee digestion is only superficially 

comparable to other hindgut digesters.  Instead, they are most similar to that of other 
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Sirenians and the herbivorous green sea turtle (Chelonia mydas), particularly in the high 

volatile fatty acid (VFA) levels in their hindgut (Reynolds and Rommel 1996), where the 

majority of microbial cellulose fermentation occurs (Burn and Odell 1987).  Passage time of 

digesta in manatees is on average about 7 days, which is very slow compared to other hindgut 

digesters (Larkin et al. 2007).  However, this slow passage likely facilitates more efficient 

digestion of the fibrous plant materials on which they feed (Reynolds and Rommel 1996). 

Manatees are highly susceptible to toxins originating from other harmful algae (Trainer and 

Baden 1999).  This was most notably demonstrated when brevetoxins originating from the 

red tide cell K. brevis were implicated in the deaths of over 200 manatees on the west coast of 

Florida during the spring of 1996 (Landsberg and Steidinger 1998).  Trainer and Baden 

(1999) determined that manatees are equally as susceptible to saxitoxins as they are to 

brevetoxins, however, the method of exposure does make a difference in the effectiveness of 

the toxin on the nervous system.  In the case of K. brevis, cells are more easily broken.  This 

releases brevetoxins into the water column where they can be taken up into the food chain, 

and also aerosolized by wave action.  By this route, manatees were accumulating brevetoxin 

both by ingestion and inhalation (Bossart et al. 1998).  P. bahamense cysts, on the other 

hand, are not as easily broken and so the potential for intoxication would likely be limited to 

ingestion. 

It is highly likely that manatees are inadvertently ingesting P. bahamense cysts, particularly 

in areas of known blooms or high cyst concentrations.  Although cysts have only been 

observed on seagrass blades during a bloom, cysts can usually be found in the sediments 

(Dale 1983).  Manatees tend to stir up the sediments as they feed and would ingest anything 

on or under the seagrass (Karen Steidinger, personal communication).  In areas with high 

density cyst beds, this could mean ingestion of a large quantity of P. bahamense.  To date, 

there has never been any evidence to suggest that manatees have been exposed to saxitoxins, 

but there are occasional unexplained deaths and saxitoxin poisoning has never been 

considered as a possible cause of death during manatee necropsies (Matt Garrett, personal 

communication).  If manatees are ingesting P. bahamense cysts, as it can be expected they 

are, the question that arises is whether the cysts are being digested somewhere in the 

gastrointestinal tract or simply passing through intact.  Therefore, the aim of this study was to 

try to answer this question. 

Due to the hardy nature of the cysts and the difficulty with which they are broken, it was 

hypothesized that P. bahamense cysts would likely pass through the manatee gastrointestinal 

tract intact.  To test this hypothesis, it was necessary to first collect and purify cysts from 

Safety Harbor sediments for use in developing and testing methods for recovering cysts from 

manatee digesta.  The aim was to then add cysts to samples of manatee digesta, simulate 

digestion, and then utilize the developed methods to recover and quantify those cysts that 

remained.  However, a successful method for purifying P. bahamense cysts from manatee 

digesta was never developed and thus this portion of the project could not be completed.  

Finally, archived digesta samples taken from manatees recovered in areas of known blooms 

were used to determine whether manatees are in fact ingesting P. bahamense cysts. 
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Methods 

A. Sediment Sampling 

Surface sediments were collected from six locations in Safety Harbor, Tampa Bay, Florida 

(Figure 1).  Safety Harbor was chosen as the sampling location because it is known to have 

annual blooms of Pyrodinium bahamense and is a documented cyst bed.  It is also the 

location in which cysts were discovered on seagrass blades during a bloom.  Sample locations 

were chosen as a representative selection of Safety Harbor, and ranged in depth from 1.2-

3.0m.  Sediment samples were taken in triplicate at each site with a Petite Ponar grab.  The 

top layers of the sediments collected were removed from the sampler and placed into jars and 

stored in the dark at room temperature until further processing. 

 

Figure 1: Site map indicating sediment sampling locations in Safety Harbor, Tampa Bay, Florida.  Green 

patches signify observed and recorded seagrass beds. 

B. Cyst Purification and Quantification 

P. bahamense cysts were purified from sediment samples using a modified version of the 

methods described by Bolch (1997).  Between 40-60ml of the flocculent layer were drawn off 

the surface of the sediment and placed in a 150ml beaker.  Samples were sonicated for 7 

minutes at 10W to dislodge cysts from sediment particles.  The resulting slurry was then 

passed through a 250µm sieve, followed by a 90µm sieve, then collected on a 20µm sieve.  

The remaining 20-90µm size fraction was then backwashed with sterilized natural seawater 
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(NSW) at 25ppt into a 150ml beaker to a final volume of 40ml, and then separated equally 

into four 15ml polypropylene centrifuge tubes (Fisher Scientific). 

A solution of sodium polytungstate (SPT) was prepared in advance by dissolving 100g of 

sodium metatungstate into 199ml of deionized water and 7ml of Trizma buffer.  The resulting 

solution was verified prior to use to have the proper density as the procedure describes 

(1.37g/ml).  Four milliliters of the SPT solution was added to each of the centrifuge tubes, 

carefully layered beneath the filtered sediment particles.  The tubes were weighed to within 

0.03g of the standard and then centrifuged for 10 minutes at 2126 x g.  After centrifugation, 

the top layer (~10ml) was drawn off and added to 4 new 15ml centrifuge tubes.  The tubes 

were weighed to within 0.03g of the standard and centrifuged for 3 minutes at 1329 x g.  The 

top 8-9ml of each tube were removed and discarded, and the remaining water and pellet was 

removed and placed into a single well of a six-well tissue culture plate. 

The resulting purified sample was homogenized and 3- 300µl samples were drawn from the 

well and placed into a 96 well plate.  Cysts were then quantified at 10x under an Olympus 

CK30 inverted light microscope.  The three well counts were averaged and multiplied by the 

total volume divided by the sample volume in order to obtain the total cyst count in the 

sample.  The total volume was ~3.6ml, while the sample volume was 300µl, for a 

multiplication factor of 12. 

C. Gastrointestinal Tract Sampling 

The majority of the gastrointestinal (GI) tract samples used for the experimental portion of 

the project were from one individual (MEC10190) recovered from northeastern Florida near 

the St. John’s River in early July, 2010.  Samples of digesta from the stomach, duodenum, 

cecum and proximal colon were collected during a routine necropsy performed at the Fish 

and Wildlife Research Institute’s Marine Mammal Pathobiology Lab.  Samples were divided 

into small portions, bagged, and stored at -18°C until use.  The remaining stomach contents 

used in the experimental portion were archived samples from two carcasses recovered in 

2006 (MSW0688, MNW0638). 

D. Method Development 

To date, there are no known methods for recovering cysts from manatee stomach contents.  

The methods used were initially based on the protocol described above for purifying cysts 

from sediment samples.  To test the effectiveness and efficiency of the protocol on manatee 

GI samples, a known quantity of cysts was added to 10g of stomach sample and processed 

through the same process along with a control GI sample to which no cysts had been added.  

Initial recovery was extremely poor, so a variety of modifications to the original protocol 

were tested as followed. 

1) Natural seawater only 

To verify that P. bahamense cysts can be retained and recovered in sufficient numbers 

throughout the protocol, a known quantity of cysts was added to NSW only and run through 
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the original protocol.  The number of cysts recovered at the end was quantified as described 

above. 

2) Ratio of GI sample to NSW 

Variations on the ratio of GI sample to NSW were tested to see whether this affected the 

percentage of cysts recovered.  Both 10g sample to 40ml NSW and 5g sample to 60ml NSW 

were tested. 

3) Sieve size 

Due to the larger size of the particles in the GI samples as compared to those in sediment 

samples, a larger sieve was added to the sieving portion of the protocol to reduce the amount 

of digesta collected on the first sieve and ease the passing of smaller particles through each of 

the sieves.  The new sieve was 707µm in size and was used prior to the 250µm, 90µm and 

20µm in the described protocol. 

4) Sieve rinsing 

Allowing for the possibility that cysts may have been sticking to some of the larger material 

trapped on the largest sieve and remaining there, the use of NSW to rinse the smaller particles 

through the sieves was tested.  In some cases the digesta was too dense to fit the entire 

sample on the sieve at one time.  In these instances, a portion of the sample was placed in the 

sieve, rinsed with NSW, and then emptied off of the sieve.  This process was repeated until 

the entire sample had been sieved. 

5) Centrifuge tube material 

To test for potential effects of centrifuge tube material on cyst recovery, two different types 

of tubes were tested.  Polypropylene was used initially but, due to the tendency of water and 

cysts to stick to the sides of the tube, polystyrene centrifuge tubes were also utilized. 

6) Cyst quantity 

Varying quantities of cysts (n= 145-8023) were used to determine whether the amount used 

affected the final recovery.  This was to account for the possibility that, below a certain 

quantity, poor recovery could be accounted for by normal loss throughout the protocol. 

7) Cyst storage 

Initially, cysts purified from sediment samples were transferred from the six-well plates in 

which they were counted into 15ml polypropylene centrifuge tubes and sealed with parafilm 

to prevent evaporation and drying of the cysts before use in the experimental protocol.  In 

order to reduce the number of steps at which cysts could be lost, this step was removed and 

cysts were left in the six-well plate following quantification and transferred directly into the 

150ml beaker at the start of each trial. 
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8) Addition of detergent 

NSW was mixed with the polysorbate detergent Tween to mixtures of 0.01% and 0.1%.  The 

Tween/NSW mixture was used in place of regular NSW throughout the protocol to determine 

whether use of a detergent would prevent cysts from sticking to the digesta and increase 

recovery. 

9) Addition of HCl 

NSW was mixed with 12M HCl to a final concentration of 0.1M.  A 5g duodenum sample 

was added to this mixture along with a quantity of cysts and boiled for 10 minutes prior to 

sonication.  The protocol was then followed as normal with regular NSW.  Previous tests 

have demonstrated that P. bahamense cysts do not break when boiled in diluted HCl (Leanne 

Flewelling, personal communication), so the purpose of this trial was to break down the 

digesta and lower the potential for cysts to stick to the larger material. 

10) Observation of cysts during addition of GI sample 

A 3g stomach content sample was added to an excess of cysts (n >10,000) in a single well of 

a six-well plate.  Minimal water was added to the well to ensure that cysts were in direct 

content with the digesta.  The cysts were observed at 10x under an Olympus CK30 inverted 

light microscope in ten minute intervals over the course of an hour to observe any changes to 

the cysts over time when exposed to manatee digesta. 

11) Accounting for loss 

To account for potential steps in the protocol in which cysts might have been lost in large 

quantities, all waste material for steps throughout the procedure was collected and checked 

for presence of cysts.  Waste material tested included all material collected on the sieves, 

excess backwash left in the beaker after centrifuge tubes were filled, SPT waste layer after 

first centrifugation, and pellet material after first centrifugation.  The final centrifuge tubes 

were also rinsed to check for any cysts that may have stuck to the sides of the tube. 

12) pH levels 

Five stomach content samples from different carcasses were chosen at random to test the pH 

level of the digesta.  Excess liquid was squeezed out of the sample into 10ml beakers and 

tested to determine whether any differences in pH existed between samples. 

13) Calcofluor tagging 

A calcofluor stain was added to a quantity of cysts and observed under UV light to determine 

whether the cysts had been successfully tagged and could be used in the protocol.  

Fluorescing cysts would aid in detection both in quantifying cysts at the end of the protocol 

as well as identifying where cyst loss could be occurring when testing waste material 

throughout the process. 
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E. Purification and Quantification of Cysts from the Manatee GI Tract 

At the conclusion of the method modifications, P. bahamense cysts were purified from 

manatee GI tract samples using a modified version of the methods described above for 

purifying cysts from sediment samples.  Approximately 5g of GI tract sample were added to a 

150ml beaker along with a previously quantified volume of cysts.  The sample and cysts were 

left to sit for 3-5 minutes prior to adding 40ml NSW.  Samples were sonicated for 7 minutes 

at 10W setting to dislodge cysts from manatee digesta.  The resulting slurry was then poured 

onto a 707µm sieve and rinsed through with NSW, then passed through a 250µm sieve, a 

90µm sieve, then collected on a 20µm sieve.  The remaining 20-90µm particles were then 

backwashed with NSW into a 150ml beaker to a volume of 40ml, and then separated equally 

into four 15ml polystyrene centrifuge tubes (Fisher Scientific). 

Four milliliters of SPT solution was added to each of the four centrifuge tubes, carefully 

layered beneath the filtered particles.  The tubes were weighed to within 0.03g of the standard 

and then centrifuged for 10 minutes at 2126 x g.  After centrifugation, the top layer (~10ml) 

was drawn off and added to 4 new 15ml centrifuge tubes.  The tubes were again weighed to 

within 0.03g of the standard and centrifuged for 3 minutes at 1329 x g.  The top 8-9ml of 

each tube were removed and discarded, and the remainder of the samples were removed and 

placed into a single well of a six-well tissue culture plate.  Cysts were then quantified at 10x 

under an Olympus CK30 inverted light microscope. 

F. Cyst Ingestion by Manatees 

To determine whether manatees may indeed be ingesting P. bahamense cysts, 18 archived 

stomach samples from 2005 and 2006 were selected to be processed through the developed 

protocol described above without adding any additional cysts.  Any cysts found after 

purification in the stomach contents were then assumed to have been ingested by the animal.  

The samples were chosen by comparing manatee mortality data with the dates and locations 

of known P. bahamense blooms and selecting those individuals which were recovered in 

areas with ongoing blooms.  It is assumed that these animals would have had the most 

exposure compared with other carcasses recovered and thus the greatest chance of ingesting 

P. bahamense cysts.  Of the 18 samples, 14 were animals recovered from the east coast near 

the Indian River Lagoon (IRL) and four were west coast animals from the Tampa Bay area 

(Tables 1 & 2, Figure 2). 
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Table 1: Manatee IDs for east coast samples 

East Coast 

2005 2006 

MEC0502 MEC0602 MEC0620 

MEC0508 MEC0610 MEC0621 

MEC0566 MEC0611 MEC0625 

MEC0570 MEC0616 MEC0626 

MEC0577 MEC0617 
 

 

 

Table 2: Manatee IDs for west coast samples 

West Coast 

2005 2006 

MNW0503 MNW0604 

  MNW0633 

  MNW0637 
 

 

Figure 2: (A) Manatee recovery locations for west coast samples.  All west coast samples originated from 

Tampa Bay, Florida.  (B) Manatee recovery locations for east coast samples.  All east coast samples 

originated from the IRL, Florida. 
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Results 

A. Sediment Sampling and Cyst Quantification 

Cyst counts varied greatly between and within locations throughout Safety Harbor (Table 3).  

Site 1 returned the fewest number of cysts, with as little as 31 in a 40ml sample.  Site 2 

returned the most number of cysts, with as many as 26,215 cysts in a 40ml sample.  The sites 

with the highest density of cysts were located on the eastern side of the harbor, but none were 

located near documented seagrass beds (Figure 3). 

Table 3: P. bahamense cyst counts from Safety Harbor 

 Replicate 1 Replicate 2 Replicate 3 

Site 1 145 31 612 

Site 2 8023 16095 26215 

Site 3 685 1232 256 

Site 4 2077 4212 2871 

Site 5 1182 2871 6376 

Site 6 3012 3140 2472 
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Figure 3: Site map of Safety Harbor, Tampa Bay, Florida indicating relative cyst abundance at each of 

the six sampling locations.  Green patches signify observed and recorded seagrass beds. 

B. Method Development 

 1) Natural seawater only 

Initial tests of the protocol to purify cysts from manatee digesta returned extremely low 

numbers of cysts.  Several tests of the protocol using only cysts and natural seawater (NSW) 

were then conducted to rule out the possibility that P. bahamense cysts could not be retained 

in high enough numbers throughout the protocol to be feasible for continued experimentation.  

The first four runs of NSW only also returned low numbers (<37%), but it was later 

determined that too few cysts had been added [refer to B(6) for further discussion] and that 

the storage method for cysts had interfered with the quantity of cysts used in the protocol 

[refer to B(7) for further discussion].  Once these problem had been corrected, the following 

three NSW only runs consistently returned >80% of the cysts added. 

 2) Ratio of GI sample to NSW 

The initial test of the protocol used 10g of stomach content sample in 40ml of NSW.  

However, this ratio of digesta to water proved to be too thick and could not be thoroughly 

sonicated.  In all trials that followed, the digesta samples were reduced to 5g and the volume 

of NSW was increased to 60ml.  This ratio gave a much thinner mixture of digesta and NSW 
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which was more readily sonicated.  There was no improvement in the cyst return percentages, 

but the change was necessary to ensure the protocol was conducted properly. 

 3) Sieve size 

During the sieving portion of the protocol, the majority of the digesta clumped on the first 

sieve (250µm).  In order to break up the digesta a bit more and facilitate easier passage of the 

cysts through the sieve, a larger sieve was added (707µm) to catch the largest pieces of the 

digesta while allowing the smaller particles to pass through.  There was no clear difference on 

the percentage recovery of cysts, but the 707µm sieve was maintained in the protocol. 

 4) Sieve rinsing 

Despite adding an extra sieve to the protocol, digesta material still formed large clumps on 

the sieves that could have hindered the passage of cysts through the material.  To increase the 

chance that cysts caught in the digesta would pass through the sieve, the practice of rinsing 

the sieves with NSW was added to the protocol.  Although there was no improvement in the 

percentage of cysts recovered, sieve rinsing was maintained in the protocol. 

 5) Centrifuge tube material 

Initially, polypropylene centrifuge tubes were used in the protocol for their durability.  

However, water and cysts are more likely to stick to polypropylene which would potentially 

contribute to the low cyst recovery rates.  The polypropylene tubes were replaced with 

polystyrene to reduce the risk that cysts would stick to the sides of the tubes.  No difference 

was noted in the percentage of cysts recovered, but the polystyrene tubes continued to be 

used in the protocol. 

 6) Cyst quantity 

Some samples collected from Safety Harbor contained low numbers of cysts (<300).  When 

these samples were used in the first two NSW only trials, the percentage recovery was very 

low (<23%).  It would be reasonable to expect that whenever the protocol is conducted a 

certain number of cysts will be lost, and it is conceivable that if the sample size is too low 

then much of the loss that occurs could be attributed to what would normally be expected 

rather than to any additional factors.  To improve the accuracy of the results, all trials that 

followed used samples containing at least 1000 cysts.  Recovery rates did improve following 

this change, however it is difficult to separate the effects that increasing the quantity of cysts 

used had on recovery due to the fact that changes were made to cyst storage methods at the 

same time [refer to B(7) for further discussion]. 

 7) Cyst storage 

Initially, cysts purified from Safety Harbor sediments were transferred out of the polystyrene 

six-well plate in which they were quantified into a polypropylene centrifuge tube and covered 

with parafilm to prevent the sample from drying out.  However, it is possible that cysts could 

have been sticking to the sides of the polypropylene tube and that these cysts could have been 

left behind when the rest were transferred out for use in the protocol.  Thus, the number of 
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cysts actually used would have been less than that of the original sample, making the 

percentage recovery inaccurate.  To alleviate this problem, cysts were only quantified 

immediately prior to use in the protocol and left in the six-well plate.  This eliminated the 

extra step in which cysts could have been lost, and cysts would be far less likely to stick to 

the polystyrene well plate.  Following this change, the recovery rate in the NSW only trials 

increased to >80% (Table 4).  Recovery rates also increased in stomach digesta trials, though 

not as dramatically (Table 5). 

Table 4: NSW only trials demonstrating cyst recovery when purified cysts were stored in a centrifuge 

tube prior to use in the protocol (Trials 1, 2) and cyst recovery when purified cysts were left in six-well 

plates before use in the protocol (Trials 3-5). 

 Cysts added Cysts recovered % Recovery 

Trial 1 2077 590 28.41% 

Trial 2 1182 436 36.89% 

Trial 3 2440 2760 113.11% 

Trial 4 3140 2712 86.37% 

Trial 5 2472 1984 80.26% 

 

Table 5: Stomach digesta trials (MEC10190) demonstrating cyst recovery when purified cysts were stored 

in a centrifuge tube prior to use in the protocol (Trials 1, 2) and cyst recovery when purified cysts were 

left in six-well plates before use in the protocol (Trials 3-7). 

 Cysts added Cysts recovered % Recovery 

Trial 1 8023 294 3.66% 

Trial 2 3012 221 7.34% 

Trial 3 2871 328 11.43% 

Trial 4 6376 1708 26.79% 

Trial 5 4212 684 16.24% 

Trial 6 1567 394 25.14% 

Trial 7 2313 203 8.78% 
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 8) Addition of detergent 

Although the sonication portion of the protocol should dislodge the cysts from the particles of 

the digesta, it is possible that they may still have been getting caught in the material and not 

passing through the sieves.  It was theorized that the use of an NSW/detergent mixture might 

prevent the cysts from sticking to any digesta and increase the number of cysts passing 

through the sieves.  However, neither the 0.01% nor 0.1% NSW/Tween mixtures made any 

difference in percentage recovery, so they were not used in any further trials. 

 9) Addition of HCl 

As an alternative to the NSW/Tween mixture, the use of diluted HCl to reduce the potential 

for cysts to stick to digesta was also tested.  In this case, boiling the digesta and cysts in 0.1M 

HCl was intended to break down the digesta so that the cysts would be less likely to get 

caught in the material.  There was no improvement in the percentage of cysts recovered, so 

this technique was not used in any further trials. 

 10) Observation of cysts during addition of GI sample 

To determine whether exposure to digesta had any visible effects on the cysts that could 

account for the high levels of loss during the protocol, an excess of cysts (>10,000) were 

added to a six-well plate with a sample of stomach digesta and observed periodically over 

one hour.  During this time, no visible changes in the cysts occurred. 

 11) Accounting for loss 

With such high levels of loss during the protocol, it was necessary to identify the point at 

which this loss was occurring so that adequate changes could be made.  All material collected 

on the sieves were observed under an inverted light microscope, and although a few cysts 

were noted in the material from the 707µm and 250µm sieves, there were not enough to 

account for observed loss.  The excess backwash from the 20µm sieve was also tested, but 

cysts were only detected occasionally and in small numbers.  In some cases, cysts purified 

from stomach contents had been observed attached to larger particles.  This observation led to 

the testing of the pellet and SPT layer resulting from the first round of centrifugation to see 

whether cysts were attaching to larger particles that normally get pulled into those layers.  

Though cysts were consistently found in these layers, there were not enough to account for 

observed loss.  Finally, the tubes used for the second centrifugation were rinsed out to see 

whether anything was left behind when the cysts were removed for final quantification.  No 

cysts were found remaining in any of these tubes.  Overall, although some cysts were found 

in the waste materials of the protocol, they were only found in small quantities that did not 

explain the 75-100% loss observed in the trials. 

 12) pH levels 

Five randomly chosen stomach content samples were tested for pH to determine whether any 

had a low enough pH to potentially break apart the cysts and thus provide a possible 

explanation for loss.  Only one sample had a low pH (MEC10190), which interestingly was 
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the sample that had given the highest returns.  All other samples tested were neutral (Table 

6), although this may have been a result of long term storage as pH will rise as material 

decomposes. 

Table 6: Stomach content pH level for five randomly chosen samples 

Manatee 

ID 

pH 

MEC10190 1.4 

MSW0688 6.8 

MEC0577 7.2 

MEC0610 7 

MEC0617 6.1 

 

 13) Calcofluor tagging 

Due to the difficulty of identifying cysts in denser materials when checking for loss in 

protocol waste materials, it was thought that using a fluorescing dye to tag the cysts prior to 

use in the protocol would potentially aid in searching more thoroughly through waste 

materials and in quantifying cysts following purification.  However, the cysts did not retain 

the dye and so this technique could not be explored further. 

C. Purification and Quantification of Cysts from the Manatee GI Tract 

Recovery of cysts was low for all four segments of the GI tract tested.  Despite the 

adjustments made to the protocol, no sample returned more than 26% of the cysts added.  

Average recovery was highest in the stomach and progressively lower in each successive part 

of the GI tract (Table 7). 

Table 7: Average cyst recovery for each of the GI tract segments tested (MEC10190) 

GI segment Average recovery 

Stomach 17.7% (n=5) 

Duodenum 6.2% (n=4) 

Cecum 0.3% (n=2) 

Proximal Colon 0.2% (n=4) 

 

Additional trials were conducted with another archived stomach content sample (MSW0688) 

to determine whether cyst recovery rates would be comparable between stomach content 

samples obtained from different animals.  Recovery rates were much lower for MSW0688 

than MEC10190 (Table 8), suggesting that the recovery rates obtained for each of the GI tract 

segments in MEC10190 are not likely to be applicable to any other animal. 
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Table 8: Cyst recovery for stomach content trials in two different animals (MEC10190 and MSW0688) 

MEC10190 MSW0688 

Cysts 

added 

Cysts 

recovered 

% 

Recovery 
Cysts 

added 

Cysts 

recovered 

% 

Recovery 

2871 328 11.42% 2122 6 0.28% 

6376 1708 26.79% 2305 5 0.22% 

4212 684 16.24% 2185 1 0.05% 

1567 394 25.14% 2084 150 7.20% 

2313 203 8.78% 1134 5 0.44% 

 

D. Cyst Ingestion by Manatees 

Of the 18 archived stomach samples tested, most returned few or no cysts.  However, there 

were four samples which returned >10 cysts (Table 9).  All of the samples were from animals 

recovered in early 2006 from the northern IRL (Figure 4), where there were large and 

prolonged P. bahamense blooms later the same year. 

Table 9: Archived stomach samples which returned >10 cysts 

Manatee 

ID 

Cysts 

purified 

MEC0611 26 

MEC0616 14 

MEC0620 37 

MEC0621 49 



20 

 

 

 

Figure 4: (A) Manatee recovery locations for west coast animals illustrating relative cyst counts for each 

sample.  (B) Manatee recovery locations for east coast animals illustrating relative cyst counts for each 

sample. 

 

Discussion 

At the conclusion of the trials, no successful method for purifying Pyrodinium bahamense 

cysts from manatee digesta was developed.  The problem of low recovery was able to be 

corrected in the NSW only trials by keeping the cysts in the 6-well plate following 

quantification and by adding more cysts to the protocol, but these changes did not seem to 

have an effect on recovery in the digesta trials.  These results suggest that the low recovery 

observed has something to do with the processing of the digesta rather than a problem with 

the protocol itself.  However, attempting to isolate the cause of the low recovery and the point 

at which the cysts were being lost proved to be extremely difficult.  Despite numerous checks 

of the different waste materials produced throughout the protocol, cysts were never found in 

large enough quantities to explain the high percentage losses that were consistently observed 

in the digesta trials. 

It is important to note that although cysts were never observed in high enough quantities in 

the waste material to account for observed losses, the waste material cannot necessarily be 
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ruled out as potential points of loss.  The digesta material collected on the 707µm and 250µm 

sieves was often extremely dense and may have prevented the cysts from passing through.  

The use of the 707µm sieve was meant to counteract that problem, but it did not break up the 

digesta enough to prevent clumping on the sieves.  Attempts at breaking down the digesta 

with diluted HCl and using Tween to prevent the cysts from sticking altogether were also 

unsuccessful.  The dense material made it extremely difficult to search through the digesta 

under the microscope, which may have left many cysts undetected and unaccounted for.  

Without the ability to tag the cysts with a fluorescing dye prior to conducting the protocol, it 

was not possible to determine with any certainty whether the cysts were being collected on 

the sieves with the digesta and not progressing further through the protocol. 

The cause of the low recovery is less likely to have been a problem with later steps in the 

protocol.  Once the larger particles of the digesta were filtered out, the remaining portion of 

the protocol was essentially the same as purifying cysts from sediments or NSW.  However, 

in some trials there were digesta particles in the 20-90µm fraction on which cysts were 

observed to be sticking.  The larger clumps of this material were generally pulled into the 

pellet during centrifugation and it is reasonable to expect that some cysts may have been 

pulled through with it.  Checks of the pellet and SPT layer often revealed a few cysts caught 

in the material, but never enough to explain the observed loss of the trial.  Although it is 

conceivable that some cysts were overlooked during these checks, it is unlikely that enough 

went unnoticed to result in any significant underestimations. 

It was not possible to check every step of the protocol.  This was particularly the case with 

the sonicator.  Sonication of the digesta sample was the only other step in the protocol prior 

to sieving and it is possible that this was a point at which the cysts could have been damaged 

or destroyed.  Although cysts were clearly able to survive sonication in the NSW only trials, 

as was demonstrated by the high recovery, the presence of the larger particles in the digesta 

trials may have been an important factor.  Collisions with the large pieces of digesta during 

sonication may have damaged or even destroyed the cysts, reducing the number which would 

have progressed through the next steps of the protocol.  If this were the case, it would also 

explain why fewer cysts were found than would have been expected in the waste materials 

from subsequent steps.  However, it would be expected that if cysts were breaking during 

sonication that some evidence of damaged cysts would also be seen in later steps, either in 

the waste materials or in the final purified product.  Such evidence was never found, though 

they may have been difficult to detect during checks of the digesta collected on the sieves for 

the same reason that intact cysts may have gone unobserved.  Checking the material post-

sonication was not possible as the density of the material meant that even a small sub-sample 

was nearly impossible to look through under a microscope. 

In addition to recovery being low, it was also inconsistent between samples from different 

animals.  The most notable difference between the samples was the difference in the physical 

consistency of the material.  Some samples consisted of larger pieces of fibrous plant 

materials, whereas others were more fluid and homogenous.  This is not surprising as animals 

recovered from different areas would be expected to have been eating different types of 

plants.  It would also be conceivable that different types of material in the digesta would 
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interact differently with cysts in the protocol.  It may be the case that larger pieces of material 

are more destructive to the cysts, or that more dense material negatively affects how many 

cysts are able to pass through the sieves. 

An interesting point that was not discovered until later in the project was the origin of the 

animal from which the majority of the samples were taken.  Originally, the animal was 

believed to have come from the east coast near the Indian River Lagoon.  This would have 

been ideal, as there are frequent P. bahamense blooms in the IRL and any manatee found in 

this area would likely have been exposed to P. bahamense cysts.  However, further 

investigation into the precise location from which MEC10190 was recovered revealed that it 

had in fact been found in a freshwater river off the St. John’s River in north central Florida 

and not in the IRL as originally thought.  Thus, the animal would not have been eating 

seagrass and would have been unlikely to have come in contact with any P. bahamense cysts.  

Interestingly enough, however, cysts were consistently found in the control trials of the 

stomach content samples.  Although cross contamination is possible, the likelihood is low as 

all controls were conducted prior to the digesta trials and equipment was thoroughly washed 

in between.  If the cysts found in the controls are in fact not the result of cross contamination, 

the question that arises is why these cysts would have been found in the stomach contents of 

an animal feeding on freshwater vegetation. 

It is highly unlikely that cysts are being digested in the digesta samples during the trials.  The 

cysts are only in contact with the digesta for 15 minutes at the most prior to sieving and the 

sample is diluted with 60ml of water.  It is unlikely that whatever digestive acids are present 

in the samples would be capable of digesting the cysts under such conditions.  Further 

investigation into the effects of exposure to undiluted stomach digesta revealed that cysts 

remained unchanged after one hour, which further supports the theory that digestion of the 

cysts is not the reason for the low recovery.  It would have been interesting to run the cysts 

through an NSW only trial following their exposure to the undiluted digesta to see whether 

they were still capable of making it through the protocol intact.  However, extracting the 

cysts from the digesta in large enough numbers to conduct an NSW only trial proved not to 

be feasible. 

It is important to note that while it seems extremely unlikely that cysts are being digested 

during the short duration of the trials, there is also no clear evidence that they are not.  The 

trial conducted on the four different segments of the GI tract show a progressive decline in 

recovery, particularly in the cecum and proximal colon which are the primary sites of 

cellulose digestion.  Such a pattern is precisely what would be expected if the cysts were in 

fact being digested.  However, although the pattern of decline fits what would be expected, 

the numbers themselves do not.  The trial conducted with stomach content samples 

consistently recovered less than 27% of the cysts added, which is far lower than would be 

expected considering that very little, if any, digestion occurs in the manatee stomach.  What 

is more likely is that the differences in physical sample consistency between the four different 

GI segments are responsible for the differences in recovery, similar to the way that sample 

consistency may explain the variance in recovery between stomach samples from different 

animals. 
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Although the results from the trials were inconclusive, it still seems unlikely that manatees 

would in fact digest any of the P. bahamense cysts they ingest.  The hardiness of the cysts, 

coupled with the fact that saxitoxin has never been detected in manatee tissue, suggests that it 

is more likely that the cysts are passing through the manatee GI tract intact.  However, this 

does not necessarily preclude the possibility that manatees may be exposed to saxitoxin 

through other routes.  It is well documented that manatees inadvertently ingest invertebrates 

while feeding (Powel 1978), and there is anecdotal evidence that some manatees will 

opportunistically feed on crustaceans, bivalves, tunicates, gastropods, barnacles and fish 

(Powell 1978; Courbis and Worthy 2003).  In the past, Ascidians have been suspected as 

vectors of brevetoxins in mass manatee mortality events and as many as 4000 tunicates have 

been observed in the gut contents of recovered manatees (O’Shea et al. 1991).  Saxitoxins are 

most commonly transferred up the food web via filter-feeding bivalves, but STXs have also 

been documented in molluscan gastropods, crustaceans, annelids, echinoderms and fish 

(Abbot et al. 2003; Deeds et al. 2008).  Although STX levels in these organisms are not high 

enough to pose a risk to public health, they do still represent a significant introduction of 

saxitoxin into the food web (Abbot et al. 2003).  If manatees are ingesting organisms 

containing STXs, whether actively or inadvertently, they may be at a greater risk of exposure 

to saxitoxins than by simply ingesting P. bahamense cysts.  Although to date there has been 

no evidence that manatees are accumulating saxitoxin in their tissues, the possibility should 

not be ruled out.  Should STX levels in invertebrates increase in the future, consumption of 

contaminated organisms may pose a cause for concern if manatees begin accumulating 

saxitoxin in their tissues.  For this reason it may be necessary to devote some attention to the 

potential susceptibility of manatees to saxitoxin accumulation by means other than ingestion 

of the cysts themselves. 

The presence of P. bahamense cysts in the archived stomach content samples confirms that 

manatees are in fact inadvertently ingesting cysts.  Although only small numbers of cysts 

were purified from any given sample, these small numbers could be indicators of ingestion on 

a much larger scale when considering the low recovery observed in the method development 

trials and the large amount of food manatees can consume during a day.  Even if the cysts 

purified from the archived stomach content samples represented as much as 10% of the total 

number of cysts the sample actually contained, 10 cysts purified would indicate the presence 

of 100 cysts in a 5g sample.  A 1000kg manatee consuming 20% of its body weight per day 

could in theory be ingesting as many as 4 million cysts per day, and if it takes 7 days for a 

manatee to pass its food there could be as many as 28 million cysts in the entire 

gastrointestinal tract.  What is even more interesting is that the manatees from which these 

samples were taken were not recovered during an ongoing Pyrodinium bahamense bloom.  It 

is therefore unlikely that there would have been any cysts on seagrass blades, and the cysts 

present in the samples were ingested entirely from the sediments.  If manatees are in fact 

ingesting cysts on such a large scale from sediments alone, this would suggest that exposure 

to large quantities of P. bahamense cysts could occur at any time in any location with a high 

enough cyst concentration in the sediments and would not necessarily be dependent on the 

occurrence of a bloom. 
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The fact that manatees are ingesting Pyrodinium bahamense cysts, but are unlikely to be 

digesting them, raises an interesting question.  If the cysts are in fact being ingested in large 

quantities, but passing through the GI tract intact, the issue that remains is what happens to 

the cysts once they have been passed.  Manatees can migrate long distances and have been 

known to move as far as 40km per day during migratory seasons (Hartman 1974; Bengtson 

1981).  Considering that the average passage time for manatee digesta can be as long as 7 

days (Larkin et al. 2007), it is possible that by the time the cysts are passed the manatee will 

no longer be in the same location in which they were ingested.  P. bahamense can be found 

throughout much of Florida, and is most commonly found in Tampa Bay, Florida Bay and the 

Indian River Lagoon.  Distribution seems to largely rely on temperature, with vegetative P. 

bahamense cells entirely absent when water temperatures drop below 20°C.  However, P. 

bahamense is notably absent from the Florida panhandle despite the fact that water 

temperatures in this region regularly rise above 20°C.  It is unknown why P. bahamense has 

never been observed in this area, but it has been postulated that it may be due to a lack of cyst 

beds (Phlips et al. 2006).  If manatees were to ingest large quantities of cysts in an area of 

high cyst concentration before moving into an area with minimal cysts, they could in theory 

serve as vectors for introduction.  This would likely only be a concern if the area in question 

were conducive to the proliferation of P. bahamense, however this species is capable of 

flourishing under a variety of environmental conditions including highly variable salinity, 

sediment types and nutrient availability (Phlips et al. 2006).  At the very least, manatees 

could be contributing additional cysts to existing cyst beds.  It is difficult to say whether such 

redistribution could occur on a large enough scale to be of any relevance or concern, but the 

potential for manatees and other animals to serve as vectors of P. bahamense to other areas 

may warrant some attention. 
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Appendix 

Table 10: Cyst counts, site location and water quality information for sediment samples collected in Safety Harbor, Tampa Bay, Florida 

Sample Cyst count Location Time Depth Lat. Long. Temp Sal DO pH mg/L ms/cm 

HABS100622-001 145 By west power tower 10:42 1.2m 28.00140N 82.67443W 30.84C 24.14 547.80% 7.09 35.81 38.24 

HABS100622-002 31 By west power tower 10:42 1.2m 28.00140N 82.67443W 30.84C 24.14 547.80% 7.09 35.81 38.24 

HABS100622-003 612 By west power tower 10:42 1.2m 28.00140N 82.67443W 30.84C 24.14 547.80% 7.09 35.81 38.24 

HABS100622-004 8023 By east power tower 11:11 2.7m 28.00335N 82.66628W 31.15C 24.02 95.30% 7.47 6.2 38.05 

HABS100622-005 16095 By east power tower 11:11 2.7m 28.00335N 82.66628W 31.15C 24.02 95.30% 7.47 6.2 38.05 

HABS100622-006 26215 By east power tower 11:11 2.7m 28.00335N 82.66628W 31.15C 24.02 95.30% 7.47 6.2 38.05 

HABS100622-007 685 North of park boat ramp 11:26 2.0m 28.01935N 82.68169W 31.6C 23.7 102.80% 7.54 6.65 37.61 

HABS100622-008 1232 North of park boat ramp 11:26 2.0m 28.01935N 82.68169W 31.6C 23.7 102.80% 7.54 6.65 37.61 

HABS100622-009 256 North of park boat ramp 11:26 2.0m 28.01935N 82.68169W 31.6C 23.7 102.80% 7.54 6.65 37.61 

HABS100622-010 2077 Middle of Safety Harbor 11:38 3.0m 28.02215N 82.67513W 31.3C 23.77 104.40% 7.52 6.78 37.69 

HABS100622-011 4212 Middle of Safety Harbor 11:38 3.0m 28.02215N 82.67513W 31.3C 23.77 104.40% 7.52 6.78 37.69 

HABS100622-012 856 Middle of Safety Harbor 11:38 3.0m 28.02215N 82.67513W 31.3C 23.77 104.40% 7.52 6.78 37.69 

HABS100622-013 1182 Upper east of harbor 11:53 2.4m 28.02641N 82.66839W 31.52C 23.4 106% 7.53 6.92 37.16 

HABS100622-014 2871 Upper east of harbor 11:53 2.4m 28.02641N 82.66839W 31.52C 23.4 106% 7.53 6.92 37.16 

HABS100622-015 6376 Upper east of harbor 11:53 2.4m 28.02641N 82.66839W 31.52C 23.4 106% 7.53 6.92 37.16 

HABS100622-016 3012 Far north end 12:11 2.3m 28.02807N 82.68101W 31.62C 23.33 111.30% 7.33 7.2 37.11 

HABS100622-017 3140 Far north end 12:11 2.3m 28.02807N 82.68101W 31.62C 23.33 111.30% 7.33 7.2 37.11 

HABS100622-018 2472 Far north end 12:11 2.3m 28.02807N 82.68101W 31.62C 23.33 111.30% 7.33 7.2 37.11 
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Table 11: Trial data for all trials conducted with manatee digesta, including GI section from which the sample was taken, amount of sample, and cyst 

recovery data 

Date Manatee ID GI section Content (g) Sediment ID Cysts added Total recov % Recov Cysts recov Notes 

      (spike)  (control)  

6/24/2010 MNW0638 Stomach 9.79 HABS100622-004 8023 294 3.664% 8  

7/7/2010 MEC10190 Stomach 5.01 HABS100622-016 3012 221 7.337% 24 Begin rinsing with FSW on sieves 

7/9/2010 MEC10190 Stomach 5.03 HABS100622-014 2871 328 11.425% 11 Begin taking cysts directly from counting well 

7/9/2010 MEC10190 Stomach 5.03 HABS100622-015 6376 1708 26.788% 5  

7/13/2010 MEC10190 Stomach 5.03 HABS100622-011 4212 684 16.239% 6  

7/14/2010 MEC10190 Duodenum 5 HABS100622-017R 2712 436 16.077% 1  

7/14/2010 MEC10190 Proximal Colon 5.01 HABS100622-018R 1984 4 0.202% 0  

7/15/2010 MEC10190 Proximal Colon 5 HABS100622-005R 1459 6 0.411% 0  

7/15/2010 MEC10190 Duodenum 5.01 HABS100622-005R 1364 70 5.132% 0  

7/19/2010 MEC10190 Cecum 5.03 HABS100622-005R 1129 4 0.354% 0  

7/19/2010 MEC10190 Cecum 5.01 HABS100622-005R 1474 3 0.204% 0  

7/20/2010 MEC10190 Proximal Colon 5 HABS100622-005R 1313 3 0.228%   

7/20/2010 MEC10190 Proximal Colon 5 HABS100622-005R 1511 0 0.000%  .01% Tween 

7/27/2010 MEC10190 Duodenum 5.04 HABS100622-005R 1794 18 1.003%  0.1% Tween; New cent tubes 

7/27/2010 MEC10190 Duodenum 5.04 HABS100622-005R 1417 37 2.611%  Diluted HCl; New cent tubes 

7/27/2010 RNW1015 Feces 4 N/A N/A N/A N/A 0 Fecal sample from rescue; New cent tubes 

7/28/2010 MEC10190 Stomach 5.03 HABS100622-005R 1567 394 25.144%   

7/28/2010 MEC10190 Stomach 5.03 HABS100622-006R 2313 203 8.776%  pH: 1.4 

7/29/2010 MSW0688 Stomach 4.03 HABS100622-006R 2122 6 0.283%   

7/29/2010 MSW0688 Stomach 4.03 HABS100622-006R 2305 5 0.217%   

7/29/2010 MSW0688 Stomach 4 HABS100622-006R 2185 1 0.046% 0 Shaken 5 minutes, not sonicated 

 MSW0688 Stomach 4.03 HABS100622-006R 2084 150 7.198%   

 MSW0688 Stomach 4.03 HABS100622-006R 1134 5 0.441%   

 MSW0688 Stomach 4.05 N/A N/A N/A  0 pH: 6.8 
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Table 12: Trial data for all natural seawater (NSW) only trials 

Date Sediment ID Cysts added SS 
1 

SS 
2 

SS 
3 

Total 
recov 

% Recov Notes 

6/28/2010 HABS100622-001 145 N/A N/A N/A 20 13.79% Too few added 

6/28/2010 N/A 294 N/A N/A N/A 66 22.45% Too few added 

6/28/2010 HABS100622-010 2077 N/A N/A N/A 590 28.41%  

7/8/2010 HABS100622-013 1182 29 39 31 436 36.89%  

7/8/2010 HABS100622-014 2440 216 228 246 2760 113.11% Begin taking directly from counting well 

7/13/2010 HABS100622-017 3140 221 285 172 2712 86.37%  

7/13/2010 HABS100622-018 2472 177 136 183 1984 80.26%  
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Table 13: Cyst purification data for archived stomach samples 

Date Manatee 
ID 

Cysts 
found 

8/3/2010 MEC0502 0 

8/4/2010 MEC0508 0 

8/4/2010 MEC0566 1 

8/3/2010 MEC0570 0 

8/3/2010 MEC0577 0 

8/3/2010 MEC0602 7 

8/3/2010 MEC0610 0 

8/4/2010 MEC0611 26 

8/3/2010 MEC0616 14 

8/4/2010 MEC0617 0 

8/4/2010 MEC0620 37 

8/2/2010 MEC0621 49 

8/4/2010 MEC0625 0 

8/3/2010 MEC0626 1 

8/3/2010 MNW0503 0 

8/4/2010 MNW0604 0 

8/5/2010 MNW0633 0 

8/5/2010 MNW0637 0 

 


