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Figure 1: Photo of Hermodice carunculata


        (http://www.horta.uac.pt/species/Annelida/Hermodice_carunculata/Hermodice_carunculata.htm.)
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1.INTRODUCTION:





1.1 HERMODICE CARUNCULATA:





The bearded fireworm, Hermodice carunculata (Pallas, 1766) (Annelida:Polychaeta:Amphinomidae) is characterized by short tufts of white bristles or chaetae, stalks of red, branched gill filaments on each segment, and a pleated, fleshy head appendage called the caruncle (Humann 1992, See Figure 1).  The bristles are hollow, venom-filled, easily penetrate flesh and break off if the worm is handled, producing an intense fire-like irritation.  When disturbed, the worm flares out the bristles so they are more exposed (Internet 1).  These worms reach 30cm in length.  Color varies from shades of red to green to brown (Humann, 1992).  Hermodice carunculata is found on coral reefs from below the tide line to 45m in Florida, the Bahamas and Caribbean Sea.  It has also been documented in the North Sea and the Mediterranean (Fauvel, 1923, Marsden, 1960).  


Phylum: 	 Annelida


Class: 		 Polychaeta


Order:		 Amphinomida


Family: 	 Amphinomidae


Species:            Hermodice carunculata  (fireworm)





Table 1: Current taxonomic placement of H. carunculata (Internet 1)








1.2 PREY & FEEDING:


Lewis and Crooks (1996) regard H. carunculata as an important reef predator, feeding on the colonial zoanthid, Palythoa mammillosa (Marsden, 1968), the anemone, Stoichactis helianthus (Lizama & Blanquet, 1975), the gorgonian, Plexaura flexuosa (Vreeland & Lasker, 1989), the hydrocoral, Millepora complanata (Witman, 1988), and the scleractinian corals, Porites porites (Pallas, 1766), Porites astreoides (Lamarck, 1816) and Acropora cervicornis (Lewis & Crooks, 1996).  In addition, H. carunculata scavenges on moribund sea urchins, Tripneustes ventricosus, in Jamaican back reef habitats (Witman, 1988).


This worm feeds on coral by everting its pharynx over branch tips or against the side of a colony (Ott & Lewis, 1972).  The tissue is removed, mixed with mucus and digestive enzymes in the buccal region, and passed into the esophagus and intestine where digestion is completed (Marsden, 1963a).  Hermodice carunculata remains 5-10 minutes at each branch tip, exposing up to 10 cm of skeleton (O’Brien, 1991).  Tissue remains at the base of each branch, which distinguishes worm damage from White Band Disease (Aronson, 2001).  The area on the coral where the worm fed is referred to as a feeding scar or lesion.  After feeding on coral surfaces, the worm moves to cryptic habitats, such as crevices or under rocks (Ott & Lewis, 1972).  From previous studies it appears that H. carunculata may forage diurnally (Lewis & Crooks, 1996).





1.3 FEEDING PREFERENCE:


Marsden (1963b) stated that H. carunculata is omnivorous, feeding on sedentary animals and plant material, though most of the published literature refers to this worm as an invertebrate corallivore (Miller, 2000; Carpenter, 1997).  It is possible H. carunculata is omnivorous, but the abundance of A. cervicornis off Ft. Lauderdale apparently has led to its local specialization on this prey.  Many invertebrate predators and grazers exhibit limited preferences within potential major prey groups that result from prey morphology relative to the handling capability, feeding mode, and feeding apparatus of the predator (Carpenter, 1997).  It appears that omnivory and the ability to exploit a wide range of prey contribute to the success of several species of invertebrate predators and grazers associated with reefs (Birkeland, 1989b).  





1.4 ACROPORA CERVICORNIS:





Acropora cervicornis (Lamarck, 1816) is a hermatypic scleractinian coral found in back reef and fore reef environments from 0 to 30 m depth in the tropical Western Atlantic.  This species was among the dominant scleractinians in shallow Florida reef communities due to its elevated growth rate and ability to scatter locally through fragmentation (Tunnicliffe, 1983).  Concentrations of A. cervicornis in Florida have been greatly reduced perhaps as a result of macroalgal overgrowth, hurricane damage, coral diseases, increased predation, hypothermia, boat groundings, and sedimentation (Hourigan, 1999).  As a result, in June 1999, the National Marine Fisheries Service (NMFS) added A. cervicornis to the List of Endangered and Threatened Species under the Endangered Species Act (Hourigan, 1999).  


Concentrations of A. cervicornis can be affected by a number of diseases.  In White Band disease (WBD) a bacterium attacks the coral by destroying tissue and leaving a whitish band, which begins at the base of the colony and moves upward (Type I strain) or begins at the tips and moves toward the base (Type II strain) (Gladfelter, 1982).  It spreads rapidly and may eventually kill the entire colony (Gladfelter, 1982).  Black Band Disease (BBD), probably the best-known pathogenic coral disease (Stachowitsch & Waitsbauer, 1999), is caused by a consortium of organisms including cyanobacteria and sulfur-reducing bacteria (Aronson, 2001).  This disease primarily affects boulder and encrusting corals although it occasionally does attack branching corals such as A. cervicornis (Aronson, 2001).  


Concentrations of A. cervicornis are also susceptible to other factors such as bleaching, epizoism, and predation.  Bleaching is the whitening of corals due to loss of symbiotic algae, photosynthetic pigments, or a combination of both (Brown, 1997).  This phenomenon maybe a response to environmental stress resulting from exposure to a wide variety of pollutants, elevated sea surface temperatures (e.g., global warming), high UV radiation, and fluctuating salinities (Birkeland, 1997).  Bleaching may render corals more susceptible to disease, and in some cases, disease may induce bleaching.  


Organisms that overgrow living coral may be a serious threat to the health of acoporids and other corals worldwide (Aronson, 2001).  Epizootics such as the cyanobacteria, Oscillatoria submembranacea, Schizothrix mexicana, and Microcoleus lyngbyaceus, have caused tissue mortality in A. cervicornis in Belize and Key Largo, Florida (Antonius & Ballesteros, 1998).  


  The most common predators of A. cervicornis in Florida and the Caribbean are the gastropods, Coralliophila abbreviata (Lamarck, 1816), Coralliophila scalariformis (Lamarck, 1822) and the polychaete, Hermodice carunculata (Miller, 2001).  Miller (2001) looked at the impact of C. abbreviata on A. palmata in the Florida Keys.  Hayes (1990) observed distribution, movement, and impact of C. abbreviata on a Panamanian patch reef containing large populations of A. cervicornis.  Predation by H. carunculata on A. cervicornis has been reported in Jamaica (Knowlton et al. 1990), but no studies have assessed the impacts of this specific predator-prey relationship on the reef ecosystem.  


2. JUSTIFICATION:


	Acropora cervicornis, a common prey species of H. carunculata, has recently declined throughout southeastern Florida and the Caribbean, perhaps as a result of multiple stressors such as winter cold kills, summer bleaching, hurricanes, and various disease syndromes (Miller, 2001).  Although not documented, predation by H. carunculata may have contributed to these declines.  In Jamaica, Knowlton et al. (1981) attributed the inability of fragmented A. cervicornis to recover from hurricane damage to a suite of predators that included H. carunculata.  Because branch tips of A. cervicornis stripped of tissue by H. carunculata never regenerate (Knowlton et al. 1990), this worm may be a potential threat to the growth and population dynamics of Caribbean corals (Witman, 1988). 


Densities of H. carunculata seem to play a significant role in reef dynamics.  Ott and Lewis (1972) concluded that H. carunculata had little effect on coral community structure in Barbados because they occurred in low densities (0.25 worms/m2).  By contrast Vreeland & Lasker (1989) suggested higher grazing densities (1 worm/m2) of H. carunculata might have the potential of seriously affecting gorgonian colonies and gorgonian community structure.  The proposed study is designed to document the densities, feeding rates, and feeding preferences of adult (6-13cm) H. carunculata off Ft. Lauderdale, Florida.   





3.STATEMENT OF SIGNIFICANCE:


Despite the Caribbean-wide demise of A. cervicornis, significant populations of this species have been reported in shallow (4-6m), near shore waters off Ft. Lauderdale (Thomas et al. 2000).  These populations are amongst the largest in Southeastern Florida and the Caribbean. They are naturally exposed to stresses, such as predation by the fireworm, Hermodice carunculata (Witman, 1988).  Predation may exacerbate the effects of natural disturbances by reshaping community composition, restricting prey distribution, limiting reef growth and decreasing reproductive output (Witman, 1988).  The study outlined here is intended to assess the incidence, patterns of distribution and impacts of the corallivorous worm H. carunculata to the populations of A. cervicornis off Ft. Lauderdale.  This research is relevant particularly as it relates to potential deleterious agents affecting the density and structure of A. cervicornis populations.  





4. HYPOTHESES:


	The primary objective of the study is to prove that predation of H. carunculata is affecting the density and structure of A. cervicornis populations off Ft. Lauderdale, Florida.  However, this hypothesis can be further subdivided into more focal hypotheses involving H. carunculata and their feeding preferences.  





H0 (1):  Densities of H. carunculata do not differ among coral assemblages off the coast


of  Fort Lauderdale. 


H0 (2):  Prey type does not affect predation by H. carunculata. 


H0 (3):  H. carunculata size has no affect on the amount of coral tissue consumed. 








5. METHODS:


5.1 Study area:


Experiments will be conducted at two study sites off Fort Lauderdale, Florida, known as Scooter and the Motherload (see Figure 2).  These sites are approximately 800m from offshore, at 3-5m depth and contain large thickets and individual colonies of A. cervicornis.  Scooter is located at 26(10.018-019’ N; 80( 05.375-399’ W, and covers 1600 m2.  Motherload covers (7000 m2 at 26(09.138-245’ N; 80( 05.537-541’ W (Vargas-Angel, pers. comm. see Figure 1).  A rocky ledge 1-2 meters high marks the seaward termination of these sites (Goldberg, 1973).  





5.2 Methods:


5.2.1 Population densities:  Fieldwork will be conducted from January to July 2002.  At each site, densities of H. carunculata will be determined on ten 10m permanent, randomly selected linear transects.  Each transect will be marked with masonry nails hammered into the substrate.  The occurrence of H. carunculata will be recorded in a series of 1m2 contiguous quadrats along the full length of each transect.  Each quadrat will be subdivided into 25 squares to estimate the percent cover of A. cervicornis and the 


incidence of feeding scars (see Appendix A).  These methods are similar to those of Ott & Lewis (1972).  


At each site, one 2m2 permanent plot will be randomly selected in order to monitor time-related changes in predation.  Within each quadrat, three individual colonies will be tagged with a colored cable tie, and the size of feeding marks will be examined once monthly.  This section will be conducted in order to answer questions addressed by H01 and H02.  





5.2.2 Feeding experiments: Laboratory experiments will be conducted in order to determine the feeding preferences of H. carunculata (addressed in H02 and H03).  Manipulations will be conducted from January 2002-July 2002 at the Oceanographic Center, Nova Southeastern University.  H. carunculata will be collected with plastic tweezers at the two study sites. The worms will be collected 10m outside transect and quadrat areas to avoid impacting observational and experimental sites. Worms will be placed in water-filled bags, transported to the laboratory, and kept in 20- gallon aquaria.  Worms will be starved for 5-7 days prior to each feeding experiment (Vreeland & Lasker, 1989).  The prey species selected for this experiment, A. cervicornis, Porites porites and Pseudoplexaura sp., were chosen because: 1) they are common at the study sites, and 2) they are consumed as prey by H. carunculata elsewhere (Lewis & Crooks, 1996; Witman, 1988).  The methodology outlined is based on Vreeland & Lasker (1989) with slight modifications.   





5.2.2.1 Single-diet experiments:


The experimental feeding design will consist of nine 2.5-gallon glass aquaria.  Each aquarium will contain one worm and a single branch of A. cervicornis, P. porites, or Pseudoplexaura sp. (see Appendix C).  The prey will be retained on the bottom of the aquaria by a one inch block of molding clay.  Feeding experiments will last 48 h, during which the tanks will be monitored for three hours during the day and night. 


The diameter and length (i.e. area) of each coral branch will be measured before each experiment using vernier calipers.  The lesion surface area on each branch will be determined as the area of a cylinder, A=2(r2 + 2(rh, where A=area, r=radius, h=height and (=pi (Witman, 1988).  For each individual experiment, lesion surface area will be divided by branch area (i.e. % tissue consumed).  Worm length (cm) and worm weight (g) will also be recorded.  After each experiment, worms will be returned to the A. cervicornis patches.  New worms will be collected for each set of four replicates. 


 To further analyze the data, a one-way ANOVA will be used to compare the % tissue consumed for each prey species (Sokal & Rohlf, 1995).  This analysis will determine if prey type affects predation rates of H. carunculata (H02).  In order to standardize the data, the % tissue consumed will be divided by worm length (cm).  A second one-way ANOVA will be used to detemine if worm size has an affect on the amount of tissue consumed (H03).





5.2.2.2 Multiple-diet experiments:


In the second set of experiments, each 10-gallon aquaria (n=9) will have equal quantities of three coral species (see Appendix C).  One worm will be placed in each aquaria to determine if H. carunculata has a preference for A. cervicornis (H02).  Analysis of feeding preferences of H. carunculata will be based on the order in which coral branches were consumed.  


The coral branches within each tank will be assigned a rank (from 1 to 6) according to the order in which they were eaten.  All branches that were not eaten at the end of each experiment (after 48h) will be given an equal rank equal to the mean of the remaining ranks (i.e. when 2 out of 6 branches were left they would both be given a rank of 5.5).  If H. carunculata feed selectively, then preferred prey species will have a significantly lower rank than less preferred species.  The Friedman’s test (Sokal & Rohlf, 1995) will be used to analyze differences in the ranks for each prey species, which compares the means of ranks of each prey species for all replicate tanks (n=36).  Where there are significant differences in the mean ranks among coral species, this will indicate whether H. carunculata have a preference for A. cervicornis.  The methodology outlined is based on Pratchett (2001).  





6. PRELIMINARY WORK:


During the investigation of the reproductive biology of A. cervicornis sponsored by the National Coral Reef Institute at the two proposed study sites off Ft. Lauderdale, we noticed a great deal of recent coral death.  Investigation revealed that the source of coral death was related to predation by H. carunculata.  Further impact studies were initiated on the effects of H. carunculata predation on A. cervicornis.  


In October 2001, random density surveys of H. carunculata were conducted at midday.  The mean density was approximately 1 worm per 5.0 m2.  Numerous ((6) worms were collected and placed in aquaria for observation.  Worms were starved for three weeks and then offered a variety of prey such as Acropora cervicornis, Porites porites and Pseudoplexaura sp..  After 48h, each prey species had been grazed upon by H. carunculata.  


In December 2001, permanent transects were established at both study sites.  Each transect was marked with a masonry nail and a colored cable tie.  
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Figure 2: Location of 2 study sites off Ft. Lauderdale between Port Everglades and Hillsboro Inlet














Appendix A: Sample data sheet


____________________________________________________________________________________________________	


                        HERMODICE CARUNCULATA SURVEY





DATE: _________________          


SITE: __________________


TEMP:__________________


_______________________________________________________________________








TIME____________________			TIME____________________


TRANSECT #_____________   			TRANSECT #_____________


QUADRAT #______________                    		QUADRAT #______________


#WORMS_________________                   		 #WORMS_________________


CORAL COVER (%)________			CORAL COVER (%)________


CORAL D (%)_____________			CORAL D (%)_____________		


# COLONIES______________			# COLONIES______________





_______________________________________________________________________








TIME________________				TIME________________


TRANSECT #_________ 				TRANSECT #_________


QUADRAT #______________                    		QUADRAT #______________


#WORMS_________________			#WORMS_________________


CORAL COVER (%)________			CORAL COVER (%)________


CORAL D(%)______________			CORAL D(%)______________


# COLONIES______________			# COLONIES______________





______________________________________________________________________








TIME____________________			TIME____________________


TRANSECT #_____________		            TRANSECT #_____________


QUADRAT #______________ 		  	QUADRAT #______________


#WORMS_________________			#WORMS_________________


CORAL COVER (%)________			CORAL COVER (%)________


CORAL D(%)______________		 	CORAL DEATH (%)________


# COLONIES______________			# COLONIES______________











Appendix B: Services and material required


Categories/Items�
�
�
     Qty. �
�
   Price �
�
  Availability *�
�
�
�
�
�
�
�
�
�
�
Sampling gear: �
�
�
�
�
�
�
�
�
               Dive boat�
�
�
20 trips�
�
$150/day�
�
NSU�
�
               Dive gear�
�
�
1 set�
�
$800 �
�
MB�
�
               Sampling gear�
�
�
�
�
�
�
�
�
                        50m tape reel�
�
�
1�
�
$15.00 �
�
NSU�
�
                        Ziplock bags�
�
�
1 box�
�
$1.50 �
�
MB�
�
                       12 in. masonry nails�
�
�
20�
�
0.50�
�
MB�
�
                       sledge hammer�
�
�
1�
�
$20.00 �
�
NSU�
�
                       u/w mesh bag�
�
�
1�
�
$20.00 �
�
NSU�
�
                       mesh gloves�
�
�
1 pair�
�
$4.00 �
�
MB�
�
                       SCUBA cylinder refills�
�
�
NA�
�
$3.00/fill�
�
BV�
�
                       u/w clipboard�
�
�
1�
�
$4.00 �
�
MB�
�
                       quadrat�
�
�
1(1m)�
�
$20.00 �
�
BV�
�
                       cable ties�
�
�
2 bags�
�
$4.00 �
�
MB�
�
�
�
�
�
�
�
�
�
�
Laboratory:�
�
�
�
�
�
�
�
�
                 Tank system�
�
�
�
�
�
�
�
�
                        2.5 gallon tanks�
�
�
9�
�
$72.00 �
�
MB�
�
                        10 gallon tanks�
�
�
6�
�
$120.00 �
�
MB�
�
                        15 gallon tanks�
�
�
3�
�
$75.00 �
�
NSU�
�
                        overflow standpipe�
�
�
3�
�
$15.00 �
�
NSU�
�
                        2X4 wood�
�
�
2 (12ft.)�
�
$4.00 �
�
MB�
�
                        styrofoam�
�
�
12ft.�
�
$20.00 �
�
NSU�
�
                        live sand�
�
�
21lbs.�
�
$30.00 �
�
MB�
�
                        flourescent tubes�
�
�
2�
�
$40.00 �
�
MB�
�
�
�
�
�
�
�
�
�
�
                   Water pump system�
�
�
�
�
�
�
�
�
                        Flotec pump�
�
�
1�
�
$59.00 �
�
MB�
�
                        1/2 inch PVC pipe�
�
�
1�
�
$1.00 �
�
RW�
�
                        nylon barb�
�
�
4�
�
$1.00 �
�
MB�
�
                        3/4 inch coupling�
�
�
4�
�
0.50�
�
MB�
�
                        1/2" X 2" PVS riser�
�
�
7�
�
0.35�
�
MB�
�
                        3/4" X 1/2" bushing�
�
�
4�
�
0.50�
�
MB�
�
                        1/2 inch PVC elbow�
�
�
2�
�
$1.00 �
�
MB�
�
                        1/2 inch PVC tee�
�
�
3�
�
0.30�
�
MB�
�
                        pipe clamp brackets�
�
�
7�
�
$1.00 �
�
NSU�
�
                        3/4 inch metal clamps�
�
�
2�
�
$1.25 �
�
MB�
�
                        3/4 inch elbow�
�
�
4�
�
$1.00 �
�
MB�
�
                        3/4 inch elbow adapter�
�
�
6�
�
0.50�
�
MB�
�
                        1/2 inch shut off valve�
�
�
3�
�
$3.50 �
�
MB�
�
                        aquarium sealant�
�
�
10ml�
�
$10.00 �
�
RW�
�
                        marine goop�
�
�
50ml�
�
$5.00 �
�
MB�
�
                        3/4 inch plastic tubing�
�
�
2m�
�
$6.00 �
�
RW�
�
                        1/2 inch plastic tubing�
�
�
1.5m�
�
$3.00 �
�
RW�
�
                        Black & Decker drill�
�
�
1�
�
$49.00 �
�
RW�
�
                        1-inch sheet metal screws�
�
�
6�
�
$3.00 �
�
RW�
�
�
�
�
�
�
�
�
�
�












�
�
�
�
�
�
�
�
�
Categories/Items�
�
�
  Qty. �
�
   Price �
�
  Availability *�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
                        40 gallon holding bin�
�
�
1�
�
$25.00 �
�
RW�
�
                        buckets�
�
�
3�
�
$6.00 �
�
RW�
�
                        air-line tubing�
�
�
1ft.�
�
$1.00 �
�
RW�
�
                        air stone�
�
�
1�
�
$1.00 �
�
RW�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
TOTAL�
$4,447.90�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
(*) AVAILABILITY KEY:�
�
�
�
�
�
�
�
�
NSU: Nova Southeastern University�
�
�
�
�
�
�
�
�
RW: Ray Wolcott�
�
�
�
�
�
�
�
�
MB: Megan Berkle�
�
�
�
�
�
�
�
�
BV: Bernardo Vargas-Angel  �
�
�
�
�
�
�
�
�









                    



















































































Appendix C: Experimental block design:





SERIES 1:  Ho (3)
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SERIES 2:  Ho (4):
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Key: 


Ac:     Acropora cervicornis


Pp:     Porites porites


P:       Pseudoplexaura sp. 
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   Site 2: Motherload





  Site 1: Scooter 
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