Specialization on Spartina alterniflora by a detritivorous amphipod

John D. Parker,* Mark E. Hay, and Joseph P. Montoya.  Aquatic Chemical Ecology Group, Georgia Tech, Atlanta, Georgia 30332, USA; e-mail for first author gte782w@prism.gatech.edu.

The ecology and evolution of herbivore diet choice has been well studied.  When herbivory is low, however, most plant production is channeled through detrital pathways.  Despite this, we know little about detritivore diet choice, which ultimately determines the pathways and thus the fate of plant production.  Here we describe a common amphipod (Gammarus palustris) that specializes on standing dead Spartina alterniflora leaves.  This amphipod feeds preferentially and reaches highest fitness (survival, growth and sexual maturity) on diets of dead Spartina relative to other marsh plants, even though dead Spartina is nutritionally poor.  Amphipods fed readily on some artificially softened plant taxa, suggesting that plant toughness is an important feeding cue.  Plant secondary chemistry may influence feeding on other plants (crude extract assays are incomplete at press time).  Protection from killifish predation may spur specialization on this nutritionally poor host-plant.  

To corroborate our laboratory feeding assays and infer food web structure, we also measured stable isotopic content (15N and 13C) of several common marsh organisms.  Field amphipods had isotopic ratios similar to laboratory amphipods reared on dead Spartina; both were distinct from amphipods reared on other plants or sediment.  Amphipods reared on dead Spartina had much lighter 13C ratios than predicted by standard trophic fractionation.  Marsh killifishes had isotopic ratios suggesting predation on G. palustris.  Estimates of amphipod density and feeding rates suggest that this population of G. palustris could ingest up to 20% of the net primary production of Spartina.  Thus these cryptic, specialist detritivores might transfer a significant portion of plant production into local food webs.  It is still uncertain, however, if Spartina production is channeled to higher consumers via amphipod tissue, or to microbes and deposit feeders following fragmentation and gut passage.

With one hand tied behind my back:  spiny lobster self defense after loss of an antenna

A. L. Parsons* and W. F. Herrnkind.  Department of Biological Science, Florida State University, Tallahassee, Florida 32306-1100, USA.
Marine crustaceans commonly lose appendages. Antennae grasped by predators typically induce autotomy (self-release) of a limb and, potentially, its eventual regeneration. Theoretically, there is reduced fitness from losing the functional contribution of a limb. An appendage whose primary function is defense is especially important; other uses are moot if an organism is killed before it can perform other tasks. The spiny lobster, Panulirus argus, uses its two swiveling, spinous antennae as its primary defense, parrying attacks by predators. Yet one antenna is often lost. We asked the question, is a lobster now only half as effective at predator defense or do they compensate for this potentially detrimental loss until a new limb is regenerated? 

Preliminary results show that lobsters with one antenna are nearly as effective as intact lobsters at preventing damaging bites from the gray triggerfish, Balistes capriscus.  Lobsters compensated by exaggerating certain defensive behaviors, keeping the intact antenna toward the attacker, and relying more on escape rather than actively retaliating against the predator.

Morphological changes in the brood pouch of the Gulf pipefish, Syngnathus scovelli, during egg incubation

Charlyn Partridge* and Judith Shardo.  Department of Biological Sciences, University of South Alabama, Mobile, AL, USA.

The Gulf pipefish exhibits a reversal of sex roles during the mating and brooding stages.  Females insert eggs into the brood pouch of the male where they are immediately fertilized.  The eggs are incubated through hatching until the end of the larval yolk sac period.  The role that males play during the brooding period is debatable.  Some researchers propose that males supply the embryos with nutrients and oxygen while physically protecting them; while others state that the brood pouch serves an osmoregulatory role.  Previous studies have shown that morphological changes within the brood pouch accompany the acceptance of eggs from the female; however, how these changes relate to the male’s role during brooding is still unknown.  To better understand the role of the brood pouch, morphological changes inside the brood pouch were observed using SEM.  Brooding and non-brooding male pipefish were collected and divided into four groups:  no brood, 1-5, 6-10 and 11-15 days incubation.  At no brood, the surface of the pouch is flat and smooth and lined with pavement epithelial cells.  During incubation, the pouch inner surface forms shallow depressions with low walls, arranged in longitudinal rows (1–5 d).  From 6–15 d the walls increase in height, particularly the medial walls.  The flap shows similar changes and by 11–15 d, the pouch and flap walls meet, completely separating the embryos.  Epithelial cells lining the floor of the depressions differ from those of the wall and the egg chorion is attached to the floor pouch epithelium (1–10 d).  Morphological changes of the brood pouch suggest that males are active in the brooding process in ways other than mere protection of the embryos.  Current studies are also evaluating physiological changes in brood pouch fluid and blood in order to understand the function of the brood pouch.

Redwoods of the reef?  Demography of the Caribbean barrel sponge Xestospongia muta
Joseph R. Pawlik.*  Biological Sciences and Center for Marine Science, University of North Carolina at Wilmington, Wilmington, NC 28409, USA.

The giant barrel sponge Xestospongia muta, is particularly prominent on deep-water reefs (>10 m), and has been called the "redwood of the reef" for its size and supposed long-life.  Like corals, specimens of X. muta have recently been observed to bleach during summer months, resulting in intense predation on bleached sponges by fishes and presumed sponge mortality.  Since 1997, we have been monitoring marked sponges at permanent transect sites off Key Largo, FL, to test whether bleaching is caused by high temperatures, changes in chemical defenses or reproductive status, and to gather demographic data.  Early results suggest that temperature is not a factor, and that most sponges recover from bleaching events.  Surprising outcomes include high levels of pulsed recruitment of "baby" sponges, and rapid recovery and regrowth of some bleached sponges.  Bleaching does not appear to affect already variable levels of chemical defense in this sponge.  Growth rates of X. muta are difficult to determine, but may be faster than originally thought.

Disturbance and recovery following catastrophic grazing:  tudies of a successional chronosequence in a seagrass bed

Bradley J. Peterson,* Craig D. Rose, Leanne M. Rutten, and James W. Fourqurean.  Department of Biological Sciences and Southeast Environmental Research Center, Florida International University, University Park, Miami, FL 33199, USA.

In August 1997, a large aggregation of the common sea urchin, Lytechinus variegatus, was discovered moving southward through a lush and productive seagrass monoculture of Syringodium filiforme in the Florida Keys, FL.  Sea urchin densities at the grazing front were greater than 300 individuals m-2 which resulted in the overgrazing of seagrasses and a complete denuding of all vegetation from this area.  The steady rate of the grazing front migration permitted the estimation of the time since disturbance for any point behind this grazing front allowing the use of a chronosequence approach to investigate the processes early on in succession of these communities.  In May 1999, six north-south parallel transects were established across the disturbed seagrass communities and into the undisturbed areas south of the grazing front.  Based on the measured rates of the migration of the grazing front, we grouped 60 sites into five categories (disturbed, recently grazed, active grazing front, stressed and undisturbed).  The large scale loss of seagrass biomass initiated community-wide cascading effects that significantly altered resource regimes and species diversity.  The loss of the seagrass canopy and subsequent death and decay of the below-ground biomass resulted in a de-stabilization of the sediments.  As the sediments were eroded into the water column, turbidity significantly increased, reducing light availability and significantly reducing the sediment nitrogen pool and depleting the seed bank. The portion of the chronosequence that has had the longest period of recovery now consists of a mixed community of seagrass and macroalgae, as remnant survivors and quick colonizers coexist and jointly take advantage of the open space.

Size-specific rates and magnitude of inducible antifungal defense in gorgonian sea fans

Laura Petes* and Drew Harvell.  Department of Ecology & Evolutionary Biology, Cornell University, Ithaca, NY, USA.

A Caribbean-wide disease infecting Gorgonia ventalina, the common sea fan, is caused by the fungal pathogen Aspergillus sydowii.  We investigated experimentally how effectively a Caribbean gorgonian (Gorgonia ventalina) resists fungal infection and tested the hypothesis that resistance to disease varies with colony size.  Both diseased and healthy fans were separated into “large” and “small” size classes to determine if there is any correlation between fan size and immune response for each treatment. Three treatments were attached onto the fans to induce a purpling response:  Millepora alcicornis (fire coral), pieces of aspergillotic sea fans, and cable-tie controls. Two experiments, a short-term time series and a long-term study, were performed to take into account possible differences between response rates to fire coral and to pieces of aspergillotic sea fan.  Larger sea fans responded more quickly and with a greater increase in purpling than small sea fans. Histological analysis revealed the presence of melanin pigment in diseased sea fan tissue, confirming that the compound is responsible for the purpling coloration and is increased as part of the defense against the pathogen.

How big is big enough?  Modeling the establishment of alternative states on rocky intertidal shores in the Gulf of Maine
Peter S. Petraitis1* and Steve Dudgeon.2  1Department of Biology, University of Pennsylvania, Philadelphia, PA  19104-6018, USA; 2Department of Biology, California State University, Northridge, CA  91330-8303, USA.
The rockweed Ascophyllum nodosum and the mussel Mytilus edulis occur as a distinct mosaic on the scale of 10's to 100's meters in seemingly the same physical environment.  These species may represent alternative community states, and the development of one or the other may depend on newly opened patches large enough to be uncoupled from the surrounding community. Here we develop a model of scale-dependent recruitment and survivorship for mussels and Ascophyllum after a patch is opened in an Ascophyllum stand.  Recruitment and survivorship were assumed to be functions of the distance from the established stand.  For mussels, recruitment was assumed to increase logistically with distance and mortality rate to decline exponentially with a lower bound.  For Ascophyllum, exponential declines were used for both recruitment and mortality.  Model parameters were fit using non-linear methods and based on our published and unpublished data.  Density estimates at one year were obtained by running the model on a per week basis at 0.2 m increments.  Predicted Ascophyllum densities at one year ranged from 17,493-211,606 per m2 at 0.2 m to 8-150 per m2 at 4 m from adult stands. Mussel density did not exceed 346 per m2 unless the distance was greater than 10 m.  Percent cover by mussel showed the same pattern and was 8.5% at 10 m.  The density curves for Ascophyllum and mussels crossed at 4.6-5.2 m.  At 4.6-5.2 m, Ascophyllum densities ranged from 2.3-12.7 per m2 and mussels ranged from 2.7-13.5 per m2. The model is very sensitive to changes in recruitment and mortality rates, and we discuss the implications of published values for mussel recruitment and mortality, which range over 4 to 6 orders of magnitude respectively.  Comparable data for Ascophyllum do not exist.  However, results suggest experimental tests will require clearings of 10-20 m in diameter.

Direct evidence for a strong impact of ectoparasites on the demography of a small reef fish
R. J. Petrik-Finley* and G. E. Forrester.  Department of Biological Sciences, University of Rhode Island, Kingston, RI 02881, USA.
The impact of parasites on host population dynamics has been largely overlooked in studies of reef fish even though there is a clear potential for parasites to affect fish populations because they support a diverse parasite community, many of which have pathogenic effects.  We examined a copepod macroparasitic found in the gills of a small coral reef fish.  Fish that were naturally infected and uninfected were tagged as individuals and tracked in the field for 5 months.  Growth, female gonadal mass, and mortality were all significantly different between parasitized and unparasitized fish.  Furthermore, the prevalence of infection was higher in areas of high fish density indicating that parasite-induced mortality could possibly cause host density dependence.  These results indicate a major effect of parasitism on host population dynamics and suggest that parasitism warrants closer attention by marine ecologist.

The chemosensory tracking behavior of the sea urchin Lytechinus variegatus… like watching grass grow
Daniel P. Pisut* and Marc J. Weissburg.  Georgia Institute of Technology, Atlanta, Georgia, USA 30332, USA.
The sea urchin Lytechinus variegatus inhabits a variety of communities along the eastern U.S., including reefs and sea grass beds.  Hydrodynamics and food type vary greatly between these environments, and successful foraging requires Lytechinus to be relatively plastic in its foraging ability.  The chemotaxis behavior of Lytechinus in response to waterborne cues from Mytilus edulis is being tested in a variable velocity flume (U∞ = 3, 5, 10 cm/s) at a distance of 1m.  Klinger and Lawrence (1985) asserted that “L. variegatus does not utilize distance chemoreception in locating food items,” implying that Lytechinus locates food by random encounter or mechanical sensation.  However, in ecologically realistic flow conditions and stimulus delivery, Lytechinus consistently displays a straight search path towards the source, maintaining contact with the odor plume.  In the absence of a food stimulus, Lytechinus moves randomly in the flume.  Tracking success did not differ between treatments of whole mussels and isokinetically presented aqueous extracts, implying that Lytechinus relies on chemoreception and not mechanoreception to find distant food sources. 

Benthic communities associated with Spartina and Phragmites marshes:  the relative importance of microhabitat versus marsh type

Martin Posey,1* Troy Alphin,1 David Meyer,2 and Michael Johnson.2  1Center for Marine Science, University of North Carolina at Wilmington, Wilmington, NC, USA; 2NOAA Center for Coastal Fisheries and Habitat Research, Beaufort, NC, USA.

Phragmites has been identified as an invasive marsh species, especially in disturbed habitats, and it has been suggested to displace or pre-empt other marsh species under certain situations. This has led to concerns about the potential community effects of the spread of this species. We examined benthic communities in replicate adjacent Spartina and Phragmites marshes in central Chesapeake Bay. Benthic infaunal and microalgal samples were taken from high and low tidal areas in both marsh types and from hummock versus channel areas within each tidal height. This stratified sampling design allowed examination of potential microhabitat effects in addition to general marsh differences, as well as allowing observation of potential interactions with marsh type effects. The community is dominated by a typical mesohaline mix of annelids, insect larvae and crustaceans. While some differences are apparent among paired marsh types, strongest patterns appear to be related to tidal height or micro-topography. This suggests that marsh morphology may be a more important factor than dominant marsh species type in predicting the differences between Phragmites versus Spartina benthic communities in mesohaline regions.

Avoiding offshore transport of competent larvae during upwelling events:  the case of the gastropod Concholepas concholepas in Central Chile 

Elie Poulin,1* Alvaro T. Palma,2 Diego Narvaez,1 Sergio A. Navarrete,1 and Juan C. Castilla.1  1Departamento de Ecología and Estación Costera de Investigaciones Marinas Las Cruces, P. Universidad Católica de Chile, Alameda 340, Casilla 114-D, Santiago, Chile; 2Facultad de Ciencias, Universidad Católica de la Ssma. Concepción, Paicaví 3000, Casilla 297, Concepción, Chile.

The coast of central Chile is characterized by the occurrence of coastal upwelling during the austral spring and summer seasons, which probably has important consequences for the cross-shelf transport of larval stages of many species. Three cruises were conducted off the locality of El Quisco during upwelling-favorable wind periods in order to determine the surface distribution of epineustonic competent larvae of the gastropod Concholepas concholepas during such events. Contrary to the predictions of a traditional model, where neustonic-type larvae are transported offshore under such conditions, competent larvae of this species were exclusively found in the area between the shore and the upwelling front. Two additional cruises were conducted during calm periods in order to determine diel variation in the vertical distribution of C. concholepas competent larvae. The absence of competent larvae at the surface during early night hours suggests a reverse vertical migration. Thus, the retention of C. concholepas competent larvae in the upwelled waters could be the result of the interaction between their reverse diel vertical migration and the typical two-layer upwelling dynamics.

Habitat type may mediate foraging behavior and success of red drum, Sciaenops ocellatus

Monica J. Powers,* David W. Gaskill, and Sean P. Powers.  University of North Carolina at Chapel Hill, Institute of Marine Sciences 3431 Arendell St., Morehead City, NC 28557, USA; e-mail for first author dozier@email.unc.edu.

Red drum are important predatory fishes within Atlantic and Gulf of Mexico coastal ecosystems.  Overfishing and loss of critical habitats necessary for high growth and survivorship have resulted in red drum stock declines throughout their range.  Recently, habitat utilization by fishes has received attention as an important indicator of the success of critical habitats, particularly salt marsh, seagrass, and oyster reefs.  How red drum utilize different habitats may vary significantly between habitat types and may have important consequences for growth and mortality.  The shape, coloration, and level of complexity of habitats have been documented to alter foraging, schooling, and aggressive behavior in fishes but the effects of these types of behavioral alterations on growth and mortality are currently unknown.  Here we present the results of two experiments examining habitat selection and behavior of red drum in different habitats.  Four replicate groups of 10 sub-adult red drum were given access to artificial seagrass, oyster shell, and sand habitats in a large holding pond in Dec 2000.  Individuals were observed more over sand (63%) than oyster (32%) or seagrass (1%), were significantly more active over sand (18%) than oyster (1.4%) or seagrass (1.3%), aggregated significantly more over sand (47%) than oyster (35%) or seagrass (4%), but displayed significantly more aggressive charges over oyster (45%) than sand (32%) or seagrass (1%).  We then examined red drum foraging activity in a second experiment performed in August 2001.  Four groups of 10 sub-adult red drum were offered ten tethered mud crabs daily in the same three habitats.  Mudcrab loss was higher in sand (91.75%) than seagrass (67%) or oyster (8.75%).  These results may indicate a difference in red drum habitat utilization from sedentary, aggressive behavior on oyster reef with low foraging success to active, cooperative foraging behavior on sand with high foraging success.

Estimation of expectation and uncertainty of augmented fish production of artificial reef

Sean P. Powers,1* Jonathan H. Grabowski,1 Charles H. Peterson,1 and William J. Lindberg.2  1University of North Carolina at Chapel Hill, Institute of Marine Sciences, Morehead City, North Carolina, USA; 2Department of Fisheries and Aquatic Sciences, University of Florida, Gainesville, Florida, USA.
Whether the concentrations of fish around artificial reefs represent aggregations of existing fish in the system (attraction) or increases in the overall fish population (enhancement) is still controversial.  Despite this lack of consensus, offshore artificial reefs are often considered as a tool for compensatory mitigation of natural resource damages.  Here, we evaluate the potential augmented fish production under three scenarios resulting from the construction of an offshore artificial reef: attraction, enhancement, and enhancement with intense fishing pressure.  Our goal is not to resolve the attraction-enhancement debate but to quantify the large uncertainty associated with fish production estimates under these scenarios. Pertinent parameters for production calculations, fish density, length-frequency distribution, diet, behavior, growth and mortality rates, were determined through a comprehensive review of reef studies conducted in coastal waters of the southeastern U.S. and species life history patterns.  Species reported to commonly occur on reef habitats in the area were separated into two groups corresponding to species whose recruitment is expected to be limited by available reef habitat and those species whose recruitment is not augmented by the addition of reef habitat but who may show a positive bioenergetic response to adding new reef structure to the system.  Production of the latter group was discounted by an index of reef exclusivity to account for non-reef resources used by these species.  Estimated production ranged from 0 kg 10m-2 yr-1 under the attraction scenario to 5.92 kg 10 m-2 yr-1 under maximum enhancement.  The addition of intense fishing reduced the maximum enhancement estimate by 71% to 1.74 kg 10 m-2 yr-1. Our study demonstrates that post-creation management of habitats must be considered when estimating fish production gains of created or restored habitats.  Increases in local fishing pressure and harvest methods that alter the quantity or quality of habitat can substantially affect fish production.

When bad things happen to a good reef:  multiple disturbances and the recent history of Channel Cay, Belize

W. F. Precht1* and R. B. Aronson.2  Ecological Sciences Program, PBS&J, 2001 NW 107th Avenue, Miami, FL 33172, USA;  Dauphin Island Sea Lab, 101 Bienville Boulevard, Dauphin Island, AL 36528, USA.

Since 1986, we have been monitoring the ecological dynamics of the Channel Cay reef complex in the lagoon of the Belizean Barrier Reef.  During that period, coral cover declined from 87% to 2% at depths between 3 and 15 meters.  This dramatic decline was directly related to three major natural disturbances.  The first disturbance, white-band disease, was responsible for the near-extirpation of the dominant coral, Acropora cervicornis (staghorn coral), from the region during the 1980s.  Agaricia tenuifolia (lettuce coral) then replaced Ac. cervicornis, but in 1998 the new dominant suffered catastrophic mortality following temperature-induced bleaching.  In October 2001, Hurricane Iris, a Category 4 storm, passed within 20 km of our survey sites.  On the windward flanks of the Channel Cay reef, remaining corals and other sessile organisms were removed down to 8 m depth.  No form of local stewardship or management could have protected the reef from these disturbances or changed the trajectory of coral loss.  Although the effects of regional- and global-scale disturbances cannot be controlled, evidence from Florida and Jamaica suggests that the residual reef assemblages are highly variable over short distances, raising the possibility that what remains, at least, can be conserved.

Crab predation as a structuring factor of soft-bottom benthic communities in a subarctic Newfoundland fjord

Pedro A. Quijon* and Paul V. R. Snelgrove.  Biology Department and Fisheries Conservation Group, Memorial University of Newfoundland, St John’s, NF, Canada.
The collapse of the cod fishery in Newfoundland has coincided with a marked increase in abundance of crab and shrimp, which are predators on sedimentary infauna. We observed that pandalid shrimp and snow crab each dominate one of the two major arms that comprise Bonne Bay, Newfoundland, whereas toad crab and rock crab occur in both areas but in lower abundances. Different infaunal communities also characterize the two arms, and we hypothesized that differences in predator composition might contribute to infaunal differences. Field manipulative experiments with exclusion and partial cages were deployed in both arms at 30 m deep and sampled, along with uncaged controls, at 0, 4  and 8 weeks. Among-treatment comparisons of total abundances indicated no clear differences among treatments, however, multivariate methods indicated differences in the species composition of exclusion versus control and artifact treatments at both locations. In the laboratory, fresh, non-manipulated sediment cores were paired with similar cores protected by cages and exposed to each of the three crab species in order to test for potential effects on benthic communities. Rock crab caused large decreases in total infaunal abundance, but smaller decreases were observed with snow crab and toad crab. Clear species composition effects were detected for experiments with snow crab and rock crab. For example, the polychaete Pholoe tecta was reduced in non-caged sediments, which is consistent with results obtained in field experiments. These results suggest that infaunal community structure within the Bonne Bay fjord are influenced by at least two species: the rock crab (which is low in abundance but affects total density and composition) and snow crab (which is highly abundant and affects benthic species composition). Given the historical changes that have occurred in predator composition, we also hypothesize that parallel changes may be taking place within infaunal communities.

Changes in heavy metal distribution within mussels at chemosynthetic environments:  a transplant experiment

S. Rapoport,1* M. Newman,2 D. Ownby,2 and C. L. Van Dover.1  1Department of Biology and 2Virginia Institute of Marine Science, College of William and Mary, Williamsburg, VA 23187, USA; e-mail sbrapo@wm.edu.
High concentrations of heavy metals, such as those found in coastal marine ecosystems polluted by factory run-off, are toxic to marine organisms. Concentrations of heavy metals at hydrothermal vents are higher than those found in polluted coastal systems, yet endemic fauna manage to thrive.  Vent organisms have evolved means (e.g., binding of metals to protein and sequestration of metals within spherocrystals) to tolerate metal rich environments.  In contrast to hydrothermal vents on mid-ocean ridges, cold seeps on continental margins exhibit very low metal concentrations.  Bathymodiolus spp., which are endemic to chemosynthetic environments, are dominant members of hydrothermal vent and cold seep fauna.  A transplant experiment was conducted at Blake Ridge, a methane seep off the Carolina coast (32°31’N 76°12’W, depth 2170 m), as a preliminary investigation into the dynamics of metal accumulation and release in mussels at chemosynthetic environments.  Mussels of the species Bathymodiolus heckerae were sampled at the beginning and end of a four-day experiment in which they were transferred away from seeping methane.  Gill, mantle, and visceral mass are being analyzed for heavy metals, including copper, cobalt and zinc using atomic absorption spectroscopy.  In agreement with other research, preliminary findings indicate highest concentrations of metals are in the gills and lowest concentrations are in the mantle.  This work is a control study to a transplant experiment involving Bathymodiolus thermopholus at 9N (9°45’N 104°17’W, depth 2500 m), a hydrothermal vent site on the northern East Pacific Rise.

Shelter fidelity among spiny lobsters is influenced by conspecific odors and familiarity with an area

Stephen G. Ratchford1,2* and David B. Eggleston.1  North Carolina State University, Raleigh, NC, USA; present address, University of the Virgin Islands, St Thomas, VI.
Spiny lobsters, Panulirus argus, forage at night away from their diurnal shelters. Shelter fidelity, the return to the shelter used the previous day, among spiny lobsters has been widely accepted but rarely studied. We measured the degree of shelter fidelity displayed by lobsters in the field and laboratory, and tested the effects of conspecific odors, disturbances, and interactions of these factors on shelter fidelity of P. argus. Lobsters returned to the shelter they used the night before on approximately 40% of occasions in this field study, a measure very similar to that displayed by spiny lobsters in other studies. Lobsters that were unfamiliar with an area exhibited higher shelter fidelity than those with experience in an area. Physical disturbance, created by prodding lobsters from their shelters, had little effect on shelter fidelity among lobsters in this study. Conspecific scents emanating from a nearby shelter caused most lobsters to shift to that shelter. Conspecific scents appear to be important in not only shelter selection but also shelter fidelity. Spiny lobsters may be using conspecifics as cues to locate a shelter and assess the quality of a shelter.

Bacteriolytic activity in hydrothermal vent organisms

Estella Callie Raulfs* and Cindy Lee Van Dover.  College of William and Mary, Williamsburg, VA 23187, USA.

Bacteria are the primary producers at deep-sea hydrothermal vent and seep sites.  The bacteria oxidize sulfide and other reduced compounds in the environment to gain chemical energy required to convert inorganic carbon to organic carbon.  Invertebrates and fish found at vent sites rely either directly or indirectly on these microbial populations for food.  Animals with high dietary dependence on bacteria are expected to have high concentrations of bacteriolytic enzymes, which are used to break down bacterial cell walls.  Mussels, shrimp, gastropods, and fish samples were collected from hydrothermal vent sites along the Mid-Atlantic Ridge.  Bacteriolytic activity was determined by a turbidity-assay using a substrate of Micrococcus luteus, and measuring the change in absorbance over time with a spectrophotometer.  Comparison of bacteriolytic activity among species will help us determine which species rely heavily on bacteria in their diet and which feed on a variety of substances.  Ultimately, this data will give us a better idea of vent trophic levels and help place organisms in the context of food web community structure.

Environmental cues and secondary dispersal of blue crabs

Nathalie B. Reyns1* and David B. Eggleston.2  Department of Marine, Earth and Atmospheric Sciences, 1Center for Marine Sciences and Technology-NCSU, 303 College Circle, Morehead City, NC 28557;2North Carolina State University, Raleigh, NC 27695-8208, USA.

The relative importance of pelagic, post-settlement blue crab (Callinectes sapidus) dispersal in determining recruitment patterns in Pamlico Sound, NC is presently recognized; however, the factors initiating movement by early juvenile blue crabs (J1-5 instar stages) away from initial settlement habitats and the mechanisms mediating long-distance transport remain unclear. Field measurements identified environmental cues and potential transport processes associated with pelagic, post-settlement dispersal of blue crabs in Pamlico Sound, NC. Highest concentrations of early juvenile blue crabs occurred in the plankton adjacent to initial settlement sites at night during flood tides. There were higher concentrations of J1-2 crabs than J4-5 stages in the plankton. Within Pamlico Sound, highest concentrations of juveniles occurred just off-bottom at night; very few juveniles were in surface waters. These results suggest that in largely wind-driven systems such as Pamlico Sound, early juvenile blue crabs may use selective tidal stream transport to emigrate from initial settlement habitats, but may rely on wind- or density-driven bottom currents for dispersal beyond these areas.

Recruitment patterns of the blue crab Callinectes sapidus

Troy C. Rezek,* Martin Posey, and Troy Alphin.  Department of Biological Sciences, University of North Carolina at Wilmington, Wilmington, NC, USA.
In recent years the blue crab fishery has shown signs of decline as a result of pressure from a variety of sources, including habitat loss, commercial fishing pressure, increasing coastal development and the associated water quality deterioration in essential estuarine environments.  The success of early juvenile blue crabs (including megalopal settlement) is an important factor affecting adult populations.  Temporal and spatial patterns of megalopal settlement in particular may strongly influence early juvenile distribution and abundance.  This study focuses on the spatial and temporal patterns associated with the larval recruitment of the blue crab, Callinectes sapidus, across a salinity/estuarine gradient.  Three sampling sites were selected to represent stenohaline, mesohaline and oligohaline environments within the Cape Fear River system in southeastern North Carolina.  We used passive larval settlement collectors hung from docks to measure settlement patterns from April to October 2001.  All sampling was done following the full moon of each month for three consecutive days.  Results show that peak blue crab recruitment occurred in September, though recruits were also observed at lower numbers before and after that time.  Settlement was lower in 2001 than data suggested from previous years, possibly related to drought conditions.  Greatest settlement occurred near the mouth of the estuary.  The presence of early juveniles up the estuary suggests significant post-settlement movement.

Eelgrass mesocosms for food-web experiments:  a reality check

J. Paul Richardson,* Jesse A. Philpot, and J. Emmett Duffy.  School of Marine Science/Virginia Institute of Marine Science, College of William & Mary, Gloucester Point, VA 23062-1346, USA.
Mesocosms offer several advantages in conducting ecological experiments, particularly those involving very small organisms.  Use of mesocosms involves several potential artifacts, however.  We have been conducting experiments addressing how functional diversity of consumers influences trophic processes in simulated food webs within eelgrass-bed (Zostera marina) mesocosms on the York river, Chesapeake Bay, Virginia.  An array of 50 mesocosm tanks was constructed of translucent fiberglass cylinders (0.140 m3, 0.28 m2 bottom area), supplied with flow-through running water delivered via dump buckets.  To assess the realism of the mesocosms, we measured water temperature, water-column and pore water [NH4+], light levels and attenuation, eelgrass growth rates, and epiphytic algal accumulation in mesocosms and compared these with local field values.  Results indicated that values for most variables were quite similar in the mesocosms and field.  Minimum and maximum daily summer temperatures were nearly identical in mesocosms and adjacent York River.  Water-column [NH4+] averaged ~ 2.0 mM in mesocosms vs. ~2.5 mM in the field, and sediment pore water concentrations averaged ~50.0 mM in the mesocosms, within the wide range for sandy sediments.  Epiphyte abundance in mesocosms with diverse grazer assemblages was quite similar to that on eelgrass in the field, and eelgrass growth rates in the mesocosms were within the range of  those measured at local field sites.  Thus, our mesocosms appear to simulate several important environmental variables and organism growth rates reasonably well.

Epiphytic foraminiferans from seagrasses in mangrove habitats, Belize, C.A.

Susan L. Richardson.*  Smithsonian Marine Station at Fort Pierce, 701 Seaway Drive, Fort Pierce, FL  34949  U.S.A.; richardson@sms.si.edu.
Although a few studies have examined the benthic, sediment-dwelling foraminiferal faunas in mangrove habitats, there have not been any studies to date that have specifically surveyed the epiphytic foraminiferans living on the seagrasses in close proximity to mangrove habitats.  Samples of the seagrass Thalassia testudinum were collected from several sites in the central province of the Belizean Barrier reef complex, including Carrie Bow Cay, Twin Cays, Man O'War Cay, and the Pelican Cays.  The diversity, distribution and abundance of epiphytic foraminiferans living on the seagrass blades were surveyed at each locality.  Detrended correspondence analysis was used to compare the epiphytic faunas identified from seagrass beds in mangrove habitats (channels and lagoons) to the epiphytic faunas living on seagrasses in open waters.  The results indicate that the mangrove assemblages are distinct from the open-water assemblages.  

The epiphytic faunas identified from seagrasses n the mangrove habitats are also characterized by higher species diversities (S=19-28, Fisher's alpha=3.13-3.84), and dominated by the foraminiferal species Iridia diaphana, Rhizonubecula n. sp., and Sorites dominicensis.  In contrast, the epiphytic faunas identified from seagrasses at the open-ocean sites are characterized by relatively lower species diversities (S=11-15, Fisher's alpha=0.83-2.53), and dominated by foraminiferal species Cornuspiramia antillarum.  In addition, the following species were found to be associated with seagrasses in the mangrove habitats only:  Androsina cf. A. lucasi, Articulina mucronata, Articulina cf. A. antillarum, Heterillina cribrostoma, Laevipeneroplis cf. L. karreri, and Flintinoides labiosa.
These results highlight the potential utility of epiphytic foraminiferal assemblages as paleoenvironmental indicators of mangrove habitats in the fossil record.

The relationship between chemically defended macroalgae and their predators

Jill C. Roberts.*  Department of Marine and Environmental Systems, Florida Institute of Technology, 150 W. University Blvd., Melbourne, FL 32901, USA.
Macroalgae have developed physical and chemical defenses including the use of secondary metabolites to deter grazing by herbivorous fish and invertebrates.  While the effects on fish feeding behavior have been studied, little is understood about the impact of secondary metabolites on the long-term fitness of fish.  My proposed dissertation research will address this topic.  This research will determine the amount of Halimeda sp. (a chemically defended alga) in the diet of Scarus taeniopterus, relative to other algal species; will look at the effects of metabolites extracted from Halimeda sp. on the growth and fecundity of the fish; and will attempt to determine the metabolic fate of these secondary metabolites once they are consumed by the fish.  Two preliminary studies have been conducted.  The purpose of the first was to become familiar with the metabolite extraction process in order to identify and quantify algal compounds.  Techniques of HPLC and NMR were learned using extractions from the sponge, Eunicea sp., and the coral, Vetulina sp.  Eunicea sp. was found to contain prostaglandins, while Vetulina  sp. contained an unknown compound.  The second preliminary study was conducted to determine if S. taeniopterus could be maintained in a laboratory environment and raised on different diets.  It was found that S. taeniopterus consumed similar amounts of Enteromorpha sp. food cubes and Enteromorpha food cubes containing metabolites from Caulerpa prolifera, but ate larger amounts of natural C. prolifera.  The next step in this research will be to observe these fish in their natural habitat to determine the amount of Halimeda in their diet.  Then juveniles will be raised on metabolite and non-metabolite diets to determine the long-range effect on growth.

Foraging ecology of Herring Gulls (L. argentatus) and Great Black-backed Gulls (Larus marinus) in New England

Michelle Rome* and Julie C. Ellis.  Department of Ecology and Evolutionary Biology, Brown University, Providence, RI, USA.
Populations of Great Black-backed Gulls (Larus marinus) and Herring Gulls (L. argentatus) along coastal New England have fluctuated dramatically during the last century.  Currently, populations of L. marinus are increasing at the expense of L. argentatus. Studies in North America have demonstrated that L. marinus displaces L. argentatus from breeding habitats. Quality of both nesting and foraging habitat are strong determinates of reproductive success; however, interactions of these two species in foraging habitats have been largely ignored. On Appledore Island, ME, these two species breed in similar areas as well as utilize the intertidal as important foraging habitat.  In this study, we: 1) compared diet and prey preferences of the two species, 2) examined spatial and temporal patterns in foraging behavior and interspecific interactions in the intertidal.  Diet and prey preferences of the two species greatly overlapped.  However, patterns in foraging behavior differed: L. marinus foraged in a clumped pattern, creating foraging “hotspots,” whereas foraging L. argentatus were more evenly distributed around the island.  At foraging hotspots, number of aggressive interactions peaked around the time of maximum foraging.  All aggressive interspecific interactions were initiated by L. marinus and resulted in movement of L. argentatus from the immediate area.  In September, when some L. marinus begin to leave the island for overwintering grounds, densities of foraging L. argentatus in the intertidal increased.  Also, size of crab carapaces found in prey remains of L. argentatus was significantly greater in September compared to June-August, whereas sizes of crabs in prey remains of L. marinus did not change.  These findings suggest that 1) the presence of L. marinus in the intertidal results in decreased abundance of foraging individuals, and smaller sizes of intertidal prey (crabs) obtained by L. argentatus and 2) these species are potential competitors for intertidal resources.

Size-class spatial distribution of the soldier crab Mictyris longicarpus Latreille

Francesca Rossi.*  Centre for Research on Ecological Impacts of Coastal Cities, Marine Ecology Laboratories, A11, University of Sydney, Sydney, Australia; telephone +61 (0)2 9351 4282; fax +61 (0)2 9351 6713; e-mail frossi@bio.usyd.edu.au.
Soldier crabs (Mictyridae) constitute one characteristic group of burrowing animals inhabiting intertidal muddy-sandy sediments. One species, Mictyris longicarpus Latreille is very common and abundant in many intertidal flats of New South Wales (Australia).

These animals can be very important for the ecology of the benthos, because their burrowing can strongly modify the dynamics of sediments. Besides, they can be important in the transfer of energy and nutrients in the food-webs because they feed primarily on fine particles, bacteria and diatoms and, sometimes, meiofauna. They are also food for aquatic birds.

Little work has been done on their local distribution and abundance. Many other species of crabs burrow in different parts of the shore depending on their size, probably to optimise their foraging. Knowledge of the cross-shore distribution pattern and the mechanisms responsible for it is, therefore, fundamental for understanding these species and their habitats.

Here, the sizes of the crabs along the shore were analysed. There was a strong correlation between width and length of animals and diameters of the burrows. Animals were estimated measuring diameters of the burrows. 

In four locations sited in Port Jackson and Botany Bay (NSW, Australia), small crabs tended to burrow higher on the shore than did the large crabs. Sizes were very variable at small spatial scales (50 m2 patches and 0.9 m2 plots) high and low on the shore in all four locations sampled. 

Processes, affecting these patterns and the consequences for the ecology of the crabs are discussed.

Distribution and composition of nearshore benthic communities of the Florida Keys

L. M. Rutten,* J. W. Fourqurean, and T. Philippi.  Florida International University, University Park, Miami, FL 33199, USA.
It has been asserted that anthropogenic impacts are responsible for degradation of coastal marine ecosystems in the Florida Keys, however there is a paucity of data that support this conclusion.  Accurate quantitative assessments of the effects of human activity on the coastal marine ecosystems of the Florida Keys were needed so that coastal residents, scientists, and resource managers may focus their conservation, research, and legislative efforts in the appropriate direction. This project entailed an investigation of nearshore (<1 km from shore) benthic communities of the Florida Keys.  It was designed to identify spatial variations within nearshore benthic communities and to determine if these variations may be associated with human land use in the Florida Keys.  A consensus classification of benthic community composition data collected at nearly 1400 sites throughout the Florida Keys included eight classes.  Four of the eight classes were dominated by seagrasses; one class was a community of mixed macrophytes, and the remaining three classes were hardbottom communities.  The percentage of sites belonging to each class varied throughout the study area, with a significant decrease in seagrass communities and increase in hardbottom communities moving southwest from Key Largo out to Key West.  Statistical analyses revealed a number of significant localized relationships between nearshore benthic community composition and human land use, but these relationships rarely held true for the entire Florida Keys.  The analyses also uncovered universal significant relationships between substrate and the distribution and composition of nearshore benthic communities.  However, due to the coarse nature of the available human land use data for the Florida Keys, the analyses had little power to detect potential anthropogenic impacts at spatial scales on the order of 10s of meters or greater than a few kilometers.

Control of hatching in an estuarine crab: hatching program in the embryo, and a few chemicals as an analog of the “hatching-program inducing substance (HPIS)"
Masayuki Saigusa* and Hideki Ikeda.  Laboratory of Animal Behavior and Evolution, Department of Biology, Faculty of Science, Okayama University, Tsushima 3-1-1, Okayama 700-8530, Japan.

Hatching of an estuarine crab Sesarma haematocheir is highly synchronized not only among embryos but also with nocturnal high tide. These events would be accomplished by a special developmental process for hatching called ‘hatching program’ in each embryo. Hatching program would be initiated by a substance (hatching-program inducing substance: HPIS) released from the female around the nocturnal high tide 2 nights before larval release (i.e., hatching of female-attached embryos). The circatidal clock in the female eyestalk would trigger the release of HPIS.
Transplantation of the embryo clusters between two ovigerous females indicated that

HPIS is released at night. To specify HPIS further, various tissues of the female were crushed or homogenized. Neither the supernatant nor the sediment of these materials could induce hatching of the embryos. No clear effect was obtained from different kinds of medium, pH, sugar, and salinity. 

Among solutions of several chemicals treated for 10-min, acetone (and acetonitrile) caused hatching of the embryos that had not been in the hatching program. More than 80% hatched with treatment of 60% and 80% solutions of acetone. Zoeas induced by these solvents were normal and swam. In constant darkness, embryos hatched 56.8 ± 0.4 hrs after the treatment with acetone, and hatching synchrony was not different from that of the embryos detached from the female within 1 day before larval release. Furthermore, treatment with acetone caused synchronization of hatching with 24-h light/dark cycles. Comparison of the interval between the predicted time of HPIS-release and hatching of detached embryos with the interval between treatment with acetone and hatching suggested that acetone is truly the analog of HPIS. We speculate that HPIS is produced in many exocrine cells in the ovigerous seta and is released from the ovigerous hairs. Possibly HPIS is transferred to the embryos with relatively high concentration.

Does the relationship between microhabitat and rates of recruitment of young-of-year coral reef fishes explain recruitment variation?  Unfortunately, no

Peter F. Sale,1* Bret S. Danilowicz,2 Peter J. Doherty,3 and David McB. Williams.3  1Biological Sciences and GLIER, University of Windsor, Windsor, ON N9B3P4, Canada; 2Department of Zoology, University College Dublin, Belfield, Dublin 4, Ireland; 3Australian Institute for Marine Science, Townsville, 4810, Australia.

The recruitment of larval reef fishes to demersal habitat is markedly variable in space and time.  Many species demonstrate strong responses to microhabitat at the time of settlement, and habitat variables can predict their spatial distribution.  Does variation in habitat on coral reefs explain most of the spatial variation in recruitment of fishes?  We explore this question using data on fish recruitment to 7 reefs on the southern Great Barrier Reef.   In late summer of three successive years, we counted young-of-year fish of 104 species on 8 replicate, haphazardly distributed 40m x 1m transects at each of 3 sites on each reef.  We recorded microhabitat at 40 points along the mid-line of each transect.  Analyses focused on patterns in each of the 15 most common species (accounting for 92.7% of all fish surveyed).  Despite our choosing apparently similar sites, principal component analysis revealed i) substantial variation in habitat among sites, and ii) moderate change among years (in most sites, growth of tabulate corals occurred).  In contrast and as expected, numbers of fish revealed substantial spatio-temporal variation.  However, when we used the first two principal components (accounting for 28.6% of all habitat variance) as co-variates in several alternate re-analyses of the recruitment data, the extent of spatio-temporal variation was not significantly reduced.  This somewhat surprising result reinforces the view that recruitment of reef fish larvae is driven by a multiplicity of factors that collectively determine the substantial variability characteristic of recruitment.  Variable recruitment, on the 1-10 kilometer scales that characterize our study has a profound effect on the composition of fish assemblages at local sites, raising doubt that community structure will be found to be constrained by ecological assembly rules.

Connectivity among reef fish populations

Peter F. Sale, Jacob P. Kritzer, Paul Chittaro, Camilo Mora, and Paolo Usseglio.*  Biological Sciences and GLIER, University of Windsor, Windsor ON N9B3P4, Canada.
Determining the spatial scale and the extent of connectivity among local populations is a crucially important task for reef fish ecologists.  The scale and extent of connectivity govern a) the spatial scale at which reef fish species populations function, b) whether or not they form functional metapopulations, and c) the scale at which spatially explicit management can be applied most effectively.  Connectivity is driven largely by the dispersal of larval fish, and determining the extent of connectivity is technically difficult because a broad range of causative factors are involved and larvae are too minute to tag easily or track readily.  Recent research projects in Australia (Jones et al 1999), the Virgin Islands (Swearer et al 1999), and Barbados (Cowen et al 2001) all suggest that connectivity may be manifested at local, rather than regional, or biogeographic scales.  We describe a multidisciplinary project (ECONAR) now in progress on the Mesoamerican Barrier Reef System, in which we and our collaborators are using physical modeling, recruitment ecology, molecular genetics, and otolith microchemistry to attempt a first estimate of the extent of connectivity for several selected species that differ in life-history pattern.

Dual symbiosis and nutrition in hydrothermal vent mussels

J. L. Salerno* and C. L. Van Dover.  Department of Biology, College of William and Mary, Williamsburg, VA  23187, USA; e-mail jlsalerno@hotmail.com.

Invertebrate species that host symbiotic chemoautotrophic bacteria make up the majority of the biomass at hydrothermal vents.  Bathymodiolus spp. vent mussels contain bacterial endosymbionts within specialized epithelial cells in their gills .  Certain species of Bathymodiolus house only thioautotrophic endosymbionts (B. thermophilus, B. brevior, B. sp. affinis brevior, and B. septemdierum) or methanotrophic endosymbionts (B. platifrons and B. japonicus), while others are able to maintain a dual symbiosis (B. puteoserpentis and B. azoricus), containing both thiotrophic and methanotrophic bacteria in their gill tissue .  The bacterial endosymbionts supply organic carbon to the host, providing the mussels’ primary source of nutrition.  Bathymodioluls spp. are also able to utilize heterotrophic nutritional processes such as filter feeding.  Although chemoautotrophy is thought to be the major source of nutrition in adult mussels, the importance of heterotrophy in nutrition during ontogenesis has not yet been quantified .  The mussels’ dependence on a particular nutritional source may vary under different environmental conditions .  Also, mussels that contain two metabolically distinct endosymbionts may rely more heavily on one species of symbiont, depending on the availability of reduced compounds needed for chemosynthesis.  The host’s reliance on a specific symbiont type may be reflected in the relative abundance of that particular symbiont in the mussels’ gill tissue.  Transmission electron microscopy was used to examine changes in the abundance of thiotrophic and methanotrophic endosymbionts over a range of size classes.  Stable isotope analyses will be conducted to determine the host mussels’ source of organic carbon.  Stable isotopic analyses are useful in determining primary sources of nutrition because differences in isotopic fractionation during metabolism result in distinct variations in isotope ratios of photosynthetically and chemosynthetically derived carbon. 

Phylogenetic analyses of the shallow-water Caribbean octocorals using mitochondrial DNA sequences (NADH-dehydrogenase subunits 2-6, and MSH) and morphological characters

Juan A. Sánchez,1* Catherine S. McFadden,2 Scott C. France,3 and Howard R. Lasker.1  1Department of Biological Sciences, University at Buffalo (SUNY), Buffalo, NY, 14260, USA; 2Department of Biology, Harvey Mudd College, Claremont, CA  91711, USA; 3Department of Biology College/University of Charleston, 58 Coming Street, Room 216D, Charleston, SC 29424, USA.

The historical relationship among species remains a fundamental question in the study of diversity on earth. Octocorals, especially gorgonian corals, are very conspicuous and important on Caribbean reefs. However, there is no clear consensus regarding species relationships. We analyzed mitochondrial DNA sequences (NADH-dehydrogenase subunits 2-6, and MSH, ~2065 bp) and morphological characters (sclerites ultra-structure SEM) from 32 shallow-water species in order to get corroborated hypothesis of phylogeny. The two main groups of Caribbean octocorals, the families Gorgoniidae and Plexauridae did not form monophyletic groups. Molecular hypotheses indicated that some Plexaurids (i.e. Plexaurella) were basal to Gorgoniids. Some other mixes (i.e. paraphyletic and monophletic genera) were evident within each family according to both molecular and morphological analyses. These results suggest that a revision of the classification of this fauna is necessary.

To drill or not to drill?  Ecology and evolution of a latitudinally variable predator-prey interaction

Eric Sanford,* Melissa S. Roth, Glenn C. Johns, and George N. Somero.  Hopkins Marine Station, Stanford University, Pacific Grove, CA 93950, USA.

The ecological and evolutionary forces that generate latitudinal variation in species interactions are poorly understood.  We investigated predation by the rocky intertidal whelk Nucella canaliculata on the mussel Mytilus californianus at 16 wave-exposed sites along the coasts of California, Oregon, and Washington.  From south to north, Nucella predation on this mussel changes from very intense (south of Mendocino, CA),  to weak (Northern CA and Southern Oregon), to nearly or entirely absent (Central Oregon coast), to stronger again (Northern WA).  An identical pattern was observed when adult whelks from the 16 sites were held with M. californianus in the laboratory for >220 days.  This striking and persistent variation in whelk predation could arise from prior conditioning to alternative prey, or through evolutionary differences among whelk populations.  To control for the potential role of feeding history, we are hatching and rearing juvenile whelks from different sites on a common laboratory diet.  To investigate the evolutionary history of these whelk populations we are sequencing a mitochondrial DNA gene (cytochrome c oxidase subunit I).  Sequence data are consistent with the hypothesis that this species was restricted to the southern portions of its geographic range during the Pleistocene.  If drilling M. californianus is genetically determined, it may thus be an ancestral trait whose frequency has been declining in Oregon, where mussel shells are thicker and alternative prey are abundant.  Our results suggest that this whelk-mussel interaction may vary with latitude in response to a complex set of ecological and evolutionary factors.

Biology of a scale worm:  natural history and bioluminescent response

Elizabeth K. Sargent1* and James G. Morin.2  Shoals Marine Laboratory, Appledore Island, Maine, USA, and 1Department of Biology, St. Olaf College, Northfield, MN 55057, USA; 2Department of Ecology and Evolutionary Biology, Cornell University, Ithaca, NY 14853, USA.

The scale worms Harmothoe imbricata and H. extenuata were collected from the rocky intertidal zone around Appledore Island, Maine.  These common worms ranged in size from 4-30 mm (mean about 15 mm), and they showed four common color patterns, with an "eyespot" pattern occurring the most frequently.  In the field these scale worms were found most often between clefts of rocks and usually on the roof of the cleft.  In the absence of potential predators lab studies also indicated a preference for the roof of a cleft, but no preference for gap sizes between 1 and 4 mm.  However, in the presence of small predatory crabs (Carcinus maenas) (carapace size 19.0 to 26.7 mm) there was a preference for a narrower gap size (2 mm).  In the lab under a dim red light, bioluminescence was not an effective deterrent against the potential predators Pholis gunnellus (a fish) or large crabs (Carcinus maenas) (5.9% and 0% of the worms survived, respectively, when attacked and bioluminescence was induced).  However, bioluminescence may deter some potential predators such as the hermit crab Pagurus acadianus and small Carcinus maenas (40% and 43.3% of the worms, respectively, survived when attacked and bioluminescence was induced).

Mixed diets and intermediate salinities support better growth of adult rather than larval sand dollar structures

Daniela Schiopu.*  Department of Biology, Georgia Southern University, Statesboro, GA 30460, USA.
The present study investigates the effects of diet and salinity on larval growth and development of the sand dollar Mellita isometra.  Three experiments were run; in the first experiment, larvae were fed three single algal diets (Isochrysis galbana, Chaetoceros muelleri and Dunaliella tertiolecta) and a mixed algal diet.  In the second experiment, larvae were fed three mixed algal diets (Chaetoceros muelleri and Dunaliella tertiolecta, Chaetoceros muelleri and Isochrysis galbana, Dunaliella tertiolecta and Isochrysis galbana), and in the third, larvae were maintained at three salinities (25, 27, and 32 0/00).  Larval growth was monitored and recorded every other day and the protein content of larvae at the 8-arm and rudiment stage was determined.  Larvae fed single algal diets consisting of Chaetoceros muelleri and Dunaliella tertiolecta grew and developed faster than those fed Isochrysis galbana.  Larvae fed mixed algal diets developed bigger rudiments than those fed single algal diets.  Larvae at intermediate salinities developed bigger rudiments in a shorter period of time than those at low and high salinities.  The protein content (µg/larva) of larvae fed the mixed diet (Dunaliella tertiolecta and Isochrysis galbana) was significantly higher than for those fed the three single algal diets.  The protein content (µg/larva) of larvae did not differ among larvae fed the three mixed algal diets or maintained at three salinity levels.  Overall, diet had a greater effect on rudiment development for M. isometra larvae than salinity.

Is mucus a primary means of ultraviolet radiation protection in reef building corals?

S. A. Schopmeyer* and D. F. Gleason.  Georgia Southern University, Department of Biology, Statesboro, GA 30460, USA.

Many functions; including protection from sedimentation, salinity fluctuations, and temperature changes, have been attributed to mucus layers present on coral colony surfaces.  Recently, mycosporine-like amino acids (MAAs), a group of ultraviolet radiation (UVR, 280-400 nm) absorbing compounds, have been extracted from coral mucus, suggesting that mucus may also provide a first line of defense against the biologically damaging effects of UVR.  In this study we used in situ experiments to determine if mucus provides a primary mode of UVR protection in reef building corals.  At 5 m depth, colonies of Porites astreoides Lamarck near Lee Stocking Island, Bahamas were either exposed to, or protected from, ambient UVR for 48 days.  Mucus samples were collected at the beginning and end of the experiment and samples were processed for UVR spectrophotometry.  Coral mucus and associated MAAs absorbed 1.11% of the total UVR impinging on coral surfaces with the highest absorbance in the UV-B (280-320 nm) portion of the spectrum.  Surprisingly, the mean percent absorbance of MAAs extracted from mucus was not significantly different from that of mucus and MAAs combined. These results indicate that any UVR protection provided by coral mucus is primarily due to the presence of MAAs rather than inherent properties of the mucus.  Furthermore, UVR exposure at ambient levels does not appear to stimulate mucus production or increase MAA concentrations within mucus.  We conclude that although coral mucus and associated MAAs do provide some UVR protection, mucus and its constituent compounds have not been primarily selected as a means to prevent UVR damage.

Invasive reef builder polychaetes:  environmental factors affecting its growth rate

Evangelina Schwindt,1,2* Claudio G. De Francesco,1,3 and Oscar O Iribarne.1,3  1Universidad Nacional de Mar del Plata, Argentina; 2Comision de Investigaciones Cientificas, Argentina; 3Consejo Nacional de Investigaciones Cientificas y Tecnicas, Argentina; e-mail schwindt@mdp.edu.ar.
Management and conservation decisions in ecosystems require the knowledge of the physical and ecological dynamic of the environment, particularly if exotic species are involved.  Ficopomatus enigmaticus (Polychaeta:  Serpulidae) is a cosmopolitan reef building species, where each individual polychaete lives in a calcareous tube.  The introduction of this species in Argentina has changed the sediment and ecological dynamic of the estuarine environments where it lives.  Even though reefs cover the 86% of the surface of the Mar Chiquita coastal lagoon and conservation programs are being discussed, there are no enough appropriated tools to predict the behavior of this species.  The main objective of this work was to evaluate the growth rate and patterns of the exotic reefs in Mar Chiquita coastal lagoon, addressing the following questions:  (a) Did spatial distribution and cover of the reefs change during the last three decades?  (b) Which is the growth rate of the reefs?  (c) Which is the growth pattern of the individual polychaetes along the estuarine gradient?  (d) What factors could affect the growth and expansion of the reefs?  The results of a combination of sampling and field-experiments showed that the spatial distribution of the reefs changed from clumped to uniform, that the cover and size of the reefs increased during the same period, and that reefs grow in all directions (up to 0.89 cm/month).  Polychaetes living near the seawater grow less and have a lower physiological condition than those living at the inner parts of the lagoon.  Several physical, chemical and biological variables were measured and evaluated (such as temperature, pH, nutrients, suspended sediment concentration, dissolved oxygen, salinity, energy level, turbidity, possible predators and competitors and anthropogenic disturbance) being the human disturbance one of the most important factors for the successful of this exotic species. 

Water flow effects on energetics of the scleractinian coral Agaricia tenuifolia  in Belize

Kenneth P. Sebens,1* Brian Helmuth,2 Emily Carrington,3 and Brad Agius.1  1University of Maryland, Department of Biology, College Park, MD 20742, USA; 2University of South Carolina, Department of Biological Sciences and Marine Science Program, Columbia, SC 29208, USA; 3University of Rhode Island, Department of Biological Sciences, Kingston, RI 02881, USA.

The scleractinian coral Agaricia tenuifolia is common on reefs in Belize, over a broad range of depth, flow, and irradiance. Photosynthesis and respiration of coral branches were measured over a range of irradiance and flow speed (1–10 cm s-1) using a small volume respirometry chamber designed for this study. Respiration rate increased significantly with flow speed, but there was no significant effect of flow on either ( or Pmax, indicating that this coral can carry out maximum photosynthesis even at very low flow speeds. This result contrasts with published results for other coral species that experience a significant increase in net photosynthesis with flow speed.

Growth rates of  A. tenuifolia were determined from branch fragments transplanted to a range of reef habitats; water flow speeds were determined over the same range of habitats. Growth rates of Agaricia were similar in most habitat types, from a depth of one to 15 meters. Compared to 1 m depth, flow at 15 m decreased to less than 20 percent and irradiance to less than 50 percent respectively. Reduced growth occurred only at 24 m depth, and in low flow microhabitats (concavities) at 15 m depth. Transplants to the surf zone (1 m depth), also had reduced growth. This was the only group to suffer significant colony mortality. Orienting these flat coral branches parallel or perpendicular to flow did not affect growth rate, nor did reducing irradiance reaching branches at either 8 or 15 m depth. These growth results mirror our findings on photosynthetic rate, suggesting that A. tenuifolia may have specific mechanisms to function in very low flow conditions and can thus dominate space in a wide diversity of reef habitats. 

Small-scale spatial variability in harpacticoid emergence on a continental shelf

Linda Sedlacek* and David Thistle.  Department of Oceanography, Florida State University, Tallahassee, FL 32306-4320, USA.

Some species of harpacticoid copepods leave the sediment, enter the water column, and return to the sediment on a diel cycle.  This phenomenon, known as emergence, has potentially important impacts on both the pelagic and benthic environments.  Temporal variations in emergence have been studied, but few investigations have examined spatial variability in emergence.  Sediment crests and troughs are conspicuous features of the seafloor and differ in many ways that could affect emergence.  Emergence is also thought to be affected by variations in harpacticoid density.  The purpose of our study was to test for such effects.  We worked at a sandy, 20-m deep site on Florida’s continental shelf.  Inverted-funnel traps were deployed for 24 hours to collect emergers.  At the end of a run, we cored below each trap to assess harpacticoid abundance in the sediment.  We found 12 emergent species.   The percent emergence of one species was significantly greater from crests, but the percent emergence of no species was greater from troughs.  The percent emergence of one species was significantly negatively correlated with total harpacticoid density.  Six species were significantly negatively correlated with the density of conspecifics.  These findings suggest that spatial variations can be important in emergence.  

What drives variation in benthic abundance along an environmental gradient—physical, recruitment, top-down, or bottom-up factors?

Rochelle D. Seitz,* Romuald N. Lipcius, and William T. Stockhausen.  Virginia Institute of Marine Science, P.O. Box 1346, Gloucester Point, Virginia, 23062, USA; seitz@vims.edu.

Ecologists seek to elucidate patterns in the distribution of species and determine causal mechanisms that underlie them.  Important factors structuring shallow-water communities include physical stress, recruitment, predation, competition, and nutrient availability.  We tested various hypotheses concerning the effects of these forces upon benthic abundance in a series of field experiments with the Baltic clam (Macoma balthica).  We examined densities in both mud and sand habitats spanning a broad spatial scale (50 km in the York River, Chesapeake Bay) along an environmental gradient.  Clam density was moderate in mud at all locations, suggesting that mud was beneficial for clams regardless of salinity.  Clam density in sand was variable but highest in the low salinity zone.  Regression analyses confirmed that neither salinity nor sediment type explained substantial variation in clam density.  A predator-exclusion experiment confirmed that predation did not explain variation in clam density.  Hydrodynamic models suggested that recruitment did not explain variation in clam density.  Measurements of food availability indicated, however, that clam distribution is controlled predominantly by bottom-up factors. 

Determining spatial variation in growth and population structure of the red sea urchin (Strongylocentrotus franciscanus) using a direct aging technique in Southeast Alaska

Andrew O. Shelton,1* Jon Witman,1 Kyle Hebert,2 and Douglas A. Woodby.2  1Department of Ecology and Evolutionary Biology, Brown University, Providence, RI, USA; 2Alaska Department of Fish and Game, Commercial Fisheries Division, Petersburg and Juneau, AK, USA.

The red sea urchin (Strongylocentrotus franciscanus) is a dominant grazer in Pacific nearshore subtidal communities and is the object of an active fishery.   Accurate estimates of variation in growth and recruitment within fisheries management areas are vital for establishing sustainable harvest rates and patterns.  The goals of this study were to 1) characterize urchin growth in SE Alaska 2) test the validity of an aging technique and 3) relate growth to spatial differences in food, conspecific density and size.  As a means of aging  we counted growth rings on Aristotle's Lantern at three sites. The Tanaka growth curve (Tanaka 1982, Ebert 1999) was fit for all sites using non-linear regression.  Urchins with multiple years of Passively Integrated Transponder(PIT) recapture data and a ring count were overlaid on growth curves.  Residual analysis indicated that growth of PIT individuals approximate ring counts well for all but the smallest urchins, where ring-predicted growth slightly overestimated observed(PIT) growth.  Rings counts approximated yearly growth well.  The Tanaka curve was fit for five additional sites along a fjord (scale: 10s of kilometers).  Highest and lowest growth corresponded to sites with extremes of food availability, indicating that the ring technique is sensitive to environmental changes. Overall urchin density declined with distance from the fjord mouth while growth did not vary significantly with distance. The proportion of urchins represented by recruits (defined as urchins < 30 mm in diameter, 2-3 years old) varied significantly over time but differences were especially striking between areas.  Proportion of recruits declined from outer to inner fjord sites. Recruitment appears to be a large scale regulator of urchin density while growth varies locally as a result of food availability.

Differential dissolution and sorption of 234Th, 210Pb, and 7Be in deposit-feeder digestive fluids

David H. Shull1* and Lawrence M. Mayer.2  1Department of Biology, Gordon College, Wenham, MA 01984, USA; 2Darling Marine Center, University of Maine, Walpole, ME 04573, USA.

Naturally occurring radionuclides such as 234Th, 7Be, and 210Pb are important tracers for quantifying sediment mixing and accumulation rates.  Rates of sediment mixing and profiles of these radionuclides in marine sediments are strongly influenced by deposit feeding.  Observations of rapid dissolution and high concentrations of dissolved metals in deposit feeder digestive fluids suggest that particle-bound radionuclides could also undergo dissolution during deposit-feeder gut passage.  We investigated this possibility in laboratory experiments examining radionuclide dissolution into the digestive fluids of the lugworm, Arenicola marina. Experiments with artificially labeled particles indicated that significant fractions of 234Th, 7Be, and 210Pb dissolved from labeled algal detritus and clay particles at low particle concentrations.  137Cs was also dissolved from clays.  However, if unlabeled sediment particles were added to reach sediment:fluid ratios similar to those in A. marina midguts, little net dissolution occurred, implying resorption of dissolved radionuclides by the added solid phases.  Partition coefficients of these radionuclides in mixtures of digestive fluid and the various solid phases imply that relatively more 234Th resorbs to the residual organic phase following digestion, compared to 210Pb and 7Be which partition more strongly to the sediment phases. Despite little net dissolution, the phase change from algal detritus to either mineral surfaces (for 210Pb) or undigested organic matter (for 234Th) implies that 234Th would serve as a better tracer for organic-matter mixing in sediments compared to 210Pb, which would better trace bulk sediment mixing.

Variation in consumer interactions:  the roles of multiple predators and time

Christopher E. Siddon* and Jon D. Witman.  Department of Ecology and Evolutionary Biology, Brown University, Providence, RI, USA.

A thorough understanding of community structure requires the knowledge of strong direct and indirect interactions within food webs.  Additionally, the factors that modify these interactions are essential to predict changes in communities over time.  Here we test the effect of multiple predators on the green urchin, Strongylocentrotus droebachiensis.   Predation rates on urchins were measured for the Jonah crab (Cancer borealis), the American lobster, (Homarus americanus), and the combined crab + lobster treatments.  Lobsters and crabs have similar resource requirements and lobsters may act as competitors or intra-guild predators.  Results show that crab predation is significantly higher than lobster predation on urchins.  Moreover, the predation rate in the combined treatment is significantly lower than predicted and shows a strong non-additive effect (risk reduction).  In addition, the strength of the crab-urchin interaction was tested at six time periods over two summers.  The predation rate showed a three-fold increase between June and October.  These results suggest that understanding the factors that modify strong interactions are extremely important to if we are to predict and not just describe community dynamics.

Consumer regulation of marsh primary production

Brian Reed Silliman* and Mark Bertness.  Department of Ecology and Evolutionary Biology, Brown University, Providence, RI, 02906, USA.
For nearly 50 years, the prevailing paradigm in marsh ecology has been that bottom-up forces, such as nutrient availability, are the primary determinants of marshgrass production.  Recent work in Virginia marshes, however, has questioned this theory and demonstrated that the omnivore-snail, Littoraria irrorata, grazes live cordgrass, resulting in drastic reductions in plant growth.  To test the hypothesis that top-down forces are equally important in controlling marsh production, we manipulated consumer densities (crabs and snails) along a gradient of nutrient availability (i.e. short and tall-Spartina zones) on Sapelo Island, Georgia.  Littoraria exerted strong control of cordgrass growth that increased with increased N availability.  In the short-zone, grazing at naturally occurring high densities reduced growth by 88%, while in the tall-zone, grazing by snails at the same density transformed the most productive grassland system in the world into a barren mudflat within 4 months.  Tethering, growth, and recruitment experiments showed that while snails recruit and grow better in the low-marsh they are excluded from this habitat by marine predators.  These results show that predators, by controlling snail densities, indirectly facilitate the luxuriant primary production observed in these communities.  In effect, these findings strongly suggest that marsh structure and primary production are ultimately controlled by a simple trophic cascade.   

Hybrid resistance in the tropical Pacific soft coral Sinularia maxima x S. polydactyla:  chemical and structural defenses

Marc Slattery,1 Valerie J. Paul,2 and Robert Thacker.3  1Department of Pharmacognosy and National Center for Natural Products Research, Research Institute of Pharmaceutical Sciences, School of Pharmacy, The University of Mississippi, University, MS 38677, USA; 2University of Guam Marine Laboratory, UOG Station, Mangilao, GU 96923, USA; 3Department of Biology, University of Alabama at Birmingham, Birmingham, AL 35294, USA.

The evolutionary importance of hybridization cannot be ignored; this process leads to genetic diversity potentially resulting in phenotypic variability and novelty.  Resistance mechanisms of hybrids can be more, less, or equal to those of the parent species.  The tropical Pacific soft corals Sinularia maxima and S. polydactyla produce bioactive chemical compounds which deter predators and kill pathogens.  These broadcast spawning species have some degree of overlap in their reproductive periodicity, and this has apparently resulted in the development of a hybrid zone in Guam.  Feeding deterrent assays have shown that the hybrids produce chemical defenses that are more resistant to fish predation than those of either parent species, and structural defenses that are of intermediate resistance to fish grazing.  Novel bioactive metabolites have been isolated from the hybrids.  The hybrid zone expanded by 27% over a period of 4 yrs; this increase occurred during a time when both parent species populations were contracting possibly due to anthropogenic stresses.  Our results to date indicate that under the present conditions this hybrid may be more fit than either parent species.

Asymmetric gametic incompatibility between the blue mussels Mytilus edulis and Mytilus trossulus
Christin T. Slaughter,1* Paul D. Rawson,2 and Phil O. Yund.2  1Department of Biology, California State University, Northridge, USA; 2School of Marine Sciences, University of Maine, USA.
Hybridization is common among blue mussels of the Mytilus edulis species complex.  In the Gulf of Maine, however, where M. edulis and M. trossulus are sympatric, the frequency of hybrid genotypes is relatively low (~ 12-13%) compared to other mussel hybrid zones.  In order to test if limited inter-specific fertilization contributes to a reduced frequency of hybrids, mussels collected from sympatric populations in the Gulf of Maine were identified and spawned.  Gametes from each individual were used in both conspecific and heterospecific crosses.  From these crosses, two very distinct patterns emerged; in general we observed high levels of fertilization in conspecific crosses and low levels of fertilization in heterospecific crosses.  Two exceptions to this pattern involved M. edulis females, which demonstrated high levels of fertilization in the presence of M. trossulus sperm.  Our results thus provide quantitative evidence of gametic incompatibility between these two species, but also indicate an asymmetry to gametic compatibility combined with individual variation in the ability to hybridize.  In addition, it appears that compatibility in successful heterospecific crosses is a property of the M. edulis female involved, not the M. trossulus male.

Blue crabs, grazers, and epiphytes in seagrass communities:  a new marine trophic cascade?

Melanie A. Spring,* J. Emmett Duffy, and Romuald N. Lipcius.  Virginia Institute of Marine Science, College of William & Mary, Gloucester Point, VA 23062-1346, USA; e-mail mspring@vims.edu.
The relative roles of top-down versus bottom-up control in determining community structure are widely disputed in the ecological literature. One manifestation of strong top-down control is a trophic cascade, where predation effects extend down to the primary producers. Trophic cascades are well documented in several ecosystems, but their generality is uncertain. Previous experiments and observations suggest that top-down control by blue crabs may play an important role in structuring Chesapeake Bay seagrass communities. Amphipods and isopods, the primary grazers in this ecosystem, promote seagrass by controlling its competitively dominant epiphytic algae. We conducted a mesocosm experiment to test for cascading interactions between adult blue crabs, juvenile blue crabs, amphipod and isopod grazers, and epiphytic algae on eelgrass, Zostera marina. We found significant three- and four-level trophic cascades. In the absence of large crabs, small crabs reduced grazer abundance and biomass, and enhanced epiphytic chl a. Addition of large crabs reduced small crab survival, which enhanced grazer abundance and biomass, and reduced epiphytic chl a. This study appears to be unique in demonstrating that two life stages of the same species can occupy different levels in a trophic cascade. The specific cascade that predominates will depend on the relative abundances and densities of each stage. Factors that alter the abundance or distribution of juvenile or adult crabs (management action, overfishing, natural mortality) may modulate the strength of the cascades, potentially impacting the seagrass community.  

The ecology of seagrass gaps in Tampa Bay, Florida (USA)

Nate Stafford.*  Department of Biology, University of South Florida, Tampa, FL 33620-5200, USA.

Disturbance events play a significant ecological role in vegetated habitats by removing plant structure and dramatically altering the biotic and abiotic parameters of the habitat.  Gaps in vegetation have long been studied in terrestrial systems, but only recently have unvegetated openings in seagrass beds been considered as potential marine analogues.  This project will attempt to quantify the long-term patterns of seagrass gap formation and closure in Tampa Bay, FL utilizing a series of archived aerial photographs spanning a 16-year period.  Using a Geographic Information System (G.I.S.), gap frequency, size, and expansion/ closure rates, as well as various landscape metrics (complexity of gap edges, gap location and arrangement, etc.) will be quantified at 6 sites in Tampa Bay where continuous seagrass beds have shown gap dynamics historically.  These sites will also be described with a previously published index of physical energy in order to assess whether hydrodynamic factors play a significant role in seagrass gap dynamics.  In addition to the G.I.S. analysis of gap dynamics, this project will also attempt to describe the effects of gaps, if any, on the benthic infauna that populate seagrass beds and adjacent habitats.  Gaps will also be created on a small scale to examine the physiological response of the seagrass plants to disturbance events.  Finally, the effects of bioturbation on the maintenance of seagrass/sand boundaries will be measured as well if surveys of the 6 sites demonstrate sufficient stingray activity to warrant experimental manipulation.

Effect of salinity variation and pesticide exposure on an estuarine harpacticoid copepod, Microarthridion littorale (Poppe), in the southeastern US

Joseph L.  Staton,1* Nikolaos V. Schizas,1,2 Susan L. Klosterhaus,3 R. Joseph Griffitt,1,4 G. Thomas Chandler,1,3,4,5 and Bruce C. Coull.1,2,4,5  1Belle W. Baruch Institute for Marine Biology and Coastal Research, 2Department of Biology, 3Department of Environmental Health Sciences, School of Public Health, 4Marine Science Program, 5School of the Environment, University of South Carolina, Columbia, SC 29208, USA.
The harpacticoid copepod Microarthridion littorale was tested for interaction effects between salinity change and acute pesticide exposure on the survival and genotypic composition of a South Carolina population.  Previous data suggested a significant link between a combined exposure to chlorpyrifos (CHPY) and and dichloro-diphenyl-trichloroethane (DDT) and mitochondrial haplotype in the cytochrome b apoenzyme for this euryhaline species when exposed at 12-ppt salinity seawater.  Our tests demonstrate a significant non-linear survival response for M. littorale to short-term immersion (24 h) in 3-, 12- and 35-ppt seawater, with copepods transferred to 12-ppt seawater having the lowest survival.  There was significant statistical interaction between salinity and pesticide exposure for the dependent variable “survival.”  However, changes in genetic composition of survivors were not significant, and they were complicated by extremely low survival in the pesticide/3ppt and pesticide/36ppt treatments.  As noted for many studies of harpacticoids, males faired worse than females in all treatments, with none surviving pesticide exposure at 45µg/L CHPY and 6 µg/L DDT.

Attack and avoidance behavior during attempted cannibalism by blue crabs, Callinectes sapidus, in the laboratory

Linda L. Stehlik* and Carol J. Meise.  NOAA NMFS James J. Howard Marine Sciences Laboratory, Highlands, NJ, 07732, USA.
Cannibalism by large blue crabs is a well-recognized source of mortality of juveniles of the same species.  We initially determined the probability of being cannibalized with a series of experiments in 2.5 and 1.0 m diameter tanks, pairing one adult crab >120 mm carapace width with a juvenile from one of the size classes ranging from 20-29 mm to 100-109 mm CW .  At size classes > 50-59 mm, prey crabs were almost never eaten.

Experiments were then conducted in 1.0 m diameter tanks to determine the mechanisms of attack and avoidance.  After releasing the predators, the arenas were videotaped for 24 hr.  Predator crabs exhibited behaviors such as inspect, stalk, chase while swimming, lunge with one chela outstretched, corral, consume, or maintain distance if the prey crab was large.  Prey crabs used swimming escape, maintaining distance, autotomy, and burial to avoid capture.  Prey 20-39 mm could bury completely in the sand, and if they did so before the predator detected them, they were never attacked.  If they did not bury, they were usually consumed.. Some stood behind the central standpipe where they were hard to see, and it was awkward for a large crab to reach around with its chelae.  

Several field studies of blue crab vulnerability to predation have used tethering to keep the prey in one location.  Tethering is controversial because in some studies, the tether causes unusual behavior, such as entanglement or inability to bury.  Our predation rates were lower than those from laboratory studies with tethered crabs, although the maximum size of vulnerability remained similar.

A fugitive keystone species?  The important role of an inconspicuous coralline alga in coral recruitment on the Great Barrier Reef

Robert S. Steneck,1* Emre Turak,2 Lindsay Harrington,2,3 and Terry Done.2  1University of Maine, School of Marine Sciences, Darling Marine Center, Walpole, ME 04573, USA; 2Australian Institute of Marine Sciences, Townsville, Queensland 4811, Australia; 3Department of Marine Biology, James Cook University, Townsville, Queensland 4811, Australia.
Most corals on the Great Barrier Reef begin life by attaching to a ubiquitous but inconspicuous coralline alga, Titanoderma prototypum, which comprises less than 5% of the coralline flora on exposed reef surfaces.  This pattern was significant on both year-old settlement plates and field-collected coralline algae (n = 274 plates, 375 specimens,  from 3 and 8 reefs respectively) over 700 km of the Great Barrier Reef north of Townsville.  Over 60% of coral spat of the major reef building coral families (acroporids, pocilloporids and poritids) were attached to T. prototypum.  Unlike most other reef-dwelling organisms such as coral, other encrusting algae and invertebrates that support few, if any newly settled corals, T. prototypum provides a good attachment surface and lives in microhabitats where competition and predation from other reef organisms is low.  The thin thallus of this species is readily overgrown by most other encrusting organisms and it is easily damaged by herbivores. This illustrates the critical role a single species can play in the structure and functioning of a highly complex natural ecosystem.  It also may be the only "fugitive keystone species" as those terms are currently defined.

An examinination of resident macrofaunal recruitment and utilization on natural and experimental intertidal oyster reefs:  an early assessment

Jessica A. Stephen,* Loren D. Coen, and David M. Knott.  Marine Resources Research Institute, South Carolina Department of Natural Resources, Charleston, SC 29412/

Intertidal oysters (Crassostrea virginica) play an important ecological role in the southeastern U.S, since the reefs form unique biogenic structures that support a host of other associated organisms generally not found in the surrounding unstructured habitats.  Intertidal reefs are a conspicuous habitat in SC, where they contribute to the broader functioning of inshore waters by improving water quality through their vast filtering ability.  In 1994, two sites (Toler’s and Inlet) were selected to quantify resident assemblages on oyster reefs.  Each site had three experimental reefs each with 156 trays (each 0.143m2) filled with shell.  Adjacent natural areas of the same size (24m2) were also studied, for a total of six paired reefs.  Sampling began in May 1995.  To date we have completed a preliminary analysis of recruitment sampling over ~6 years.  A rich resident fauna was observed, with 81 unique taxa (numerically dominated by polychaete annelids, crustaceans and Boonea), with similar species assemblages found in both reef types.  Over the study period, biomass on experimental reefs ranged from 41-71 to 487-665g wet wgt./m2, while natural reefs varied in biomass between 603 and 4,974g wet. wgt./m2.  Overall biomass, excluding oysters, was dominated by two mussels (Geukensia and Brachidontes) and to a lesser extent several Xanthidae (5 spp.).  Experimental reefs consistently had lower mussel biomass and densities than natural reefs, suggesting low recruitment/growth, despite surrounding natural populations.  Mussel abundances at the two study sites were similar to those at other sites sampled across SC, but showed higher biomass.  Experimental reefs attracted xanthid crabs in large numbers in year 1, but densities remained relatively stable; natural reef xanthid mean densities decreased in later years (Toler’s and Inlet initially 120-247/m2; 56-59/m2 in 2001, respectively).  Overall, experimental reefs accumulated similar resident macrofauna as natural reefs, but overall density and biomass lagged behind adjacent natural reefs.

The effects of grazing on seagrass epiphytes in the Baltic Sea:  a comparison across latitudinal and nutrient gradients

Jason Stutes,* Sanna Sari, and Just Cebrian.  Dauphin Island Sea Lab, 101 Bienville Blvd, Dauphin Island, AL 36528, USA.
The reduction of epiphyte biomass on seagrass surfaces by grazers has been perceived as a possible mechanism for preventing overgrowth thereby minimizing the negative effects on the seagrass. Recent studies conducted in subtropical systems have shown that grazers can significantly control epiphyte biomass, even under artificially high nutrient loading rates. The focus of this study was to perform a similar grazing experiment in the Baltic Sea, which has significantly higher nutrient loading rates and is located at a higher latitude than previously studied areas. A two-factor design was employed varying grazer density and water column nutrients within a laboratory setting. Grazing significantly decreased epiphyte biomass from initial levels while nutrient effects were minimal and only apparent in the absence of grazers. This suggests that even under high nutrient (eutrophied) concentrations, grazers are capable of controlling epiphyte biomass across a large latitudinal gradient (this study and previous studies).

Unexpected oxygen flux in permeable sediments

Keith Suderman,* Kay Vopel, David Thistle, and Michael Teasdale.  Department of Oceanography, Florida State University, Tallahassee, Florida 32306, USA.

The supply of dissolved oxygen to the sediment determines such matters as remineralization of organic carbon and the distribution of meiofauna.  In permeable sediments, oxygen supply is controlled by molecular diffusion and by advective seawater flow caused by pressure oscillations of surface waves, by tides, and by macro-infaunal activity.  The usual model for the transport of oxygen is that it is from the near-bottom water into the interstitium of the sediment.  In the course of our study of spatial and temporal variation in the respiratory microenvironment of meiofauna, we discovered an exception.  We used microelectrodes to measure in situ vertical profiles at 250_µm increments from 4 mm above to 6 mm below the sediment surface.  We also recorded oxygen concentration in the pore water continuously on calm and windy days.  On calm days, oxygen penetration varied between 5 mm during the day and 1 mm at night.  During daylight, benthic photosynthesis oversaturated the pore water of the uppermost sediment layer with oxygen.  The slow diffusion of oxygen into the bottom water and into the interstitium of the deeper sediment created steep gradients.  When surface waves were present, the oxygen concentration in the pore water of the upper sediment layer exhibited a cyclic variation with a period matching that of the waves, suggesting that wave pumping introduced lower-oxygen-concentration water from deeper sediment layers and from the bottom water into the pore water of the upper sediment layer.  This variation occurred at time scale of seconds and minutes.  The intense benthic photosynthesis and the high rate of advective transport caused oxygen to move from the sediment to the overlying seawater, which is opposite in direction to that generally thought to occur.

The effect of substrate abundance on oviposition behavior and the consequences of communal egg-laying in the apple murex snail, Phyllonotus pomum
Cheryl A. Swanson.*  Department of Biological Science, Florida State University, Tallahassee, FL 32306-1100, USA; e-mail swanson@bio.fsu.edu.

Communal oviposition, the sharing of a single nest-site by conspecifics to deposit clutches of egg capsules, may result from constraints of limited nest-sites or from natural selection favoring behavior that increases reproductive success. The apple murex snail, Phyllonotus pomum, is one of many marine gastropods that deposit clutches of egg capsules communally in large egg-masses. The globular communal egg-masses formed by the apple murex are composed of clutches deposited by 2-52 females and can reach 3 L. This architecture may have important consequences on offspring survival due to the relationship between surface area and volume as mass size increases. Stacked communal egg-masses may reduce capsule exposure to harmful edge effects such as predation, fouling, and UV light, but may subject developing embryos in egg-mass centers to low water flow and decreased oxygen. I used the apple murex to examine (1) whether communal oviposition is a consequence of substrate limitation and (2) whether capsule location within a communal egg-mass and increasing egg-mass volume affect offspring number and size. In both field surveys and a caged substrate manipulation experiment, communal oviposition occurred regardless of substrate availability or abundance suggesting that communal oviposition is not induced by substrate limitation. Surveyed communal egg-masses just prior to hatching revealed that capsules on the tops of egg-masses contained significantly fewer juveniles per capsule than center and bottom capsules. There was no significant difference in this pattern as mass volume increased. Capsule location and egg-mass volume had no significant affect on mean juvenile size. Because larger masses have more center capsules, females gain a greater number of offspring by contributing to communal masses without a tradeoff in offspring size. Thus, there may be an adaptive advantage to producing communal egg-masses because it maximizes fecundity. 

Experimental evidence that recovery of Diadema antillarum populations on Florida coral reefs is in part predation-limited at the juvenile stage
Alina M. Szmant,1* Margaret W. Miller,2 Tom Capo,3 Ken Nedimyer,4 Nicole Fogarty,1 Kathleen Morrow,1 and Charles Fasano.2  1Center for Marine Science, University of North Carolina at Wilmington, 5600 Marvin K. Moss Ln, Wilmington NC 28409, USA; 2NOAA Fisheries Southeast Science Center, 75 Virginia Beach Rd, Miami FL 33149, USA; 3RSMAS-UM, 4600 Rickenbacker Cswy, Miami FL 33149, USA; 4P.O. Box 712, Tavernier FL 33070, USA.

The sea urchin, Diadema antillarum, was a keystone grazer on Caribbean coral reefs until the 1983 die-off, which killed off 95 % of individuals. Community structure on coral reefs throughout the region has been affected by reduced grazing rates ever since. Diadema is finally returning to a few places but is still rare on Florida coral reefs.  For restoration purposes, Diadema  has been brought into mass culture and during the summer of 2001 the first laboratory-reared animals (LAB) were ready for trial releases.  Two hundred juvenile LAB Diadema ca. 1-1.5 cm diameter were released on a high-relief reef, Little Grecian (LG), into 3 test habitats: isolated reef mounds, caged isolated reef mounds, and Montastraea annularis heads (4 replicates each).  Release sites were surveyed every 1-2 hours for the first 26 hr and every 1-2 days for one week afterwards.  Fewer than 10% of the Diadema could be relocated by the first 24 hrs except for the caged treatment, in which 44 % were relocated.  Evidence of predation was noticed soon after release.  By 72 hrs, all Diadema were missing.  A second release compared hatchery-raised and similar-sized wild caught juveniles out-planted to LG and a small low-relief patch reef.  Three sets each of 8 wild or LAB Diadema were released into each site, and an additional set of LAB Diadema were released into 3 colonies of adult wild-caught Diadema.  On the patch reef, LAB Diadema survived longer than at LG, but not as long as the wild Diadema; only 5/24 wild and 1/24 LAB Diadema survived for 3 months. On LG, wild survived longer than LAB but only 1/24 survived 3 months. LAB Diadema released into adult colonies survived longer than ones released alone (1/24 still alive).  Predation on high-relief Florida reefs appears to be limiting Diadema recuitment success.

Selective tidal-stream transport behavior of ovigerous blue crabs Callinectes sapidus:  role of circatidal activity rhythms

Richard A. Tankersley,1* Richard B. Forward, Jr.,2 and Patricia N. Pochelon.1  1Department of Biological Sciences, Florida Institute of Technology; 2Duke University Marine Laboratory.

Prior to larval release, ovigerous blue crabs Callinectes sapidus migrate seaward from low-salinity areas of estuaries to spawn near the entrance.  Previous studies found that ovigerous crabs use selective tidal-stream transport (STST) to enhance the rate and efficiency of down-estuary migration.  Crabs enter the water column during nocturnal ebb-tides and remain on or near the bottom at all other times.  Possible behaviors contributing to this tidal vertical migration pattern are (1) a circatidal swimming rhythm, and (2) behavioral responses to environmental factors associated with the tide. We tested the hypothesis that active upward movement into the water column on ebb tides is the result of an endogenous rhythm in activity.  Ovigerous crabs were collected near Beaufort Inlet, North Carolina, from July-August 2001 and swimming activity was recorded for 3 to 5 d under constant conditions with a time-lapse video system.  Crabs with egg masses containing late-stage embryos (< 6 days from hatching) displayed a circatidal activity rhythm with two activity peaks per lunar day.  Maximum swimming activity occurred near the time of expected ebb currents in the field.  Following larval release, the swimming activity of most crabs became arrhythmic.  Similarly, this rhythm was not expressed by gravid females possessing egg masses containing early-stage embryos (> 7 days from hatching).  These results are consistent with field observations of the migratory behavior of crabs obtained using ultrasonic telemetry and support the hypothesis that a tidal rhythm in swimming is the behavioral basis of ebb-tide transport in ovigerous C. sapidus.

Spiny lobsters:  a model for horn development in ceratopsian dinosaurs

Samuel F. Tarsitano,* Kari L. Lavalli, Francis Horne, and David Rodriguez.  Biology Department, Southwest Texas State University, San Marcos, TX, USA.

Often students of paleontology project the behaviors of living fauna upon fossil taxa.  While this is sometimes questionable, there are examples where similar morphologies in extant and extinct taxa may indicate a particular behavior in both groups.  Such may be the case in the evolution of anteriorly directed spines or horns in two widely unrelated taxa, spiny lobsters and ceratopsian dinosaurs.  In this case, both forms evolve spines or horns over the eyes.  One method whereby triggerfish disable spiny lobsters is to bite off the lobster’s eyes.  Accomplishing this renders the lobster helpless and easily dispatched by the triggerfish.  In spiny lobsters the largest spines occur over the eyes.  The same is true in ceratopsian dinosaurs.  While not all ceratopsians have eye horns, those that do, develop them to an extreme length making them formidable defensive weapons.  There are examples of ceratopsian dinosaurs with such short horns as to make them useless in defense but still able to protect the eyes.  Thus the selective impetus for horn elongation in both lobsters and ceratopsian dinosaurs may have well been related to protecting the eyes from predators and may indicate the attack mode of theropod dinosaurs on ceratopsian dinosaurs.

The design of the decapod claw:  inferring closing force from claw mechanical advantage

Graeme M. Taylor* and Paul S. Schmidt.  Department of Biology, University of Pennsylvania, 415 S University Avenue Philadelphia, PA 19104, USA.

Numerous ecological studies of claw use in decapods have emphasized the adaptive aspects of large claw size and high closing force capabilities.  However, we do not yet have a good sense of the most important aspects of claw design, independent of size, that contribute to strong biting forces.  Here, for six species of Cancer crabs (C. antennarius, C. branneri, C. gracilis, C. magister, C. oregonensis and C. productus), I show that the strong biting forces of claws result from high stresses (74 - 135 Ncm-2) generated by the claw closer muscle.  Furthermore, for the closer muscle of the claws of these six species, maximum muscle stress increased with increasing mean resting sarcomere length (10 - 18 µm).  A more extensive analysis, incorporating published data on muscle stresses in other animal groups, revealed that stress scaled isometrically with resting sarcomere length.  Average resting sarcomere length of the closer muscle, in brachyurans (this study and others), also correlated significantly with mechanical advantage of the dactyl, a morphological attribute of claws known to affect maximum biting force. Mechanical advantage is often used as a surrogate for maximum biting force because it is easy to measure.  The direct observations of sarcomere length reported here reveal that 84% of the variation in sarcomere length can be explained statistically by variation in mechanical advantage. Overall, these result suggest sarcomere length, and hence performance, for both living and fossil brachyurans species may be inferred with reasonable confidence from measures of claw mechanical advantage. 

The effect of pre-settlement factors on life history patterns in red algae (Rhodophyta)

Casey Terhorst,* Janna Fierst, Janet Kübler, and Steve Dudgeon.  Department of Biology, California State University, Northridge, 18111 Nordhoff Street, Northridge, CA  91330-8303, USA.
Many plant and protistan taxa alternate between a haploid gametophyte and a diploid sporophyte life stage.  Several species of isomorphic macroalgae diverge from a 1:1 ratio of gametophytes and sporophytes.  Fertilization success affects sporophyte abundance and may drive the disparity in abundance of isomorphs across generations, yet no studies to date have explored this hypothesis.  Previous studies have attributed such disparities to post-settlement factors, such as differential susceptibility to abiotic disturbance, grazing, endophytic infection, or physiological adaptations of established isomorphic fronds.  However, this evidence tends to be either weak or in conflict with similar studies from alternate sites or time periods.  We developed a model of the triphasic life cycle of red algae to test the hypothesis that fertilization success alone can generate a disparity in abundance between isomorphs of red algae.  Rhodophytes are suitable subjects for this study because there are many cases of phase dominance and the lack of gametic mobility may compromise syngamy.  Fertilization success is the percentage of carpogonia fertilized and can reflect environmental factors such as turbulence or distance between mates.  Equal mortality rates were assigned for each phase to model a lack of adaptive differences between isomorphs.  The results imply that (1) fertilization success should be invoked first when a pattern of phase dominance is detected; and (2) a 1:1 ratio may be an inappropriate null hypothesis when testing hypotheses of differential selection on established isomorphic fronds.

Host specificity of symbiotic cyanobacteria in marine sponges

R. W. Thacker* and S. Starnes.  University of Alabama at Birmingham, USA.
Although marine sponges can host a variety of cyanobacterial and bacterial symbionts, it is often not known whether these symbionts are generalists that occur in a variety of host species or specialists that occur only in certain species or populations of sponges.  We observed the filamentous cyanobacterium Oscillatoria spongeliae in collections of the sponge Dysidea cf. herbacea and similar cyanobacteria in collections of D. cf. granulosa and D. cf. avara.  We hypothesized that host-specific strains of cyanobacteria are found in each sponge species.  To test this hypothesis, we extracted total genomic DNA from specimens of all three Dysidea species collected from several locations on Guam, and including two color forms of D. cf. herbacea.  We used sponge-specific PCR primers to amplify a 700 bp fragment of sponge nuclear ribosomal DNA, including the ITS-2 region, and we used cyanobacteria-specific PCR primers to amplify 1300 bp of cyanobacterial 16S ribosomal DNA.  After sequencing these products, we constructed phylogenies for both the symbiotic cyanobacteria and the host sponges.  These phylogenies show that a separate cyanobacterial strain is found in each sponge species.  We found little sequence variation within sponge species or cyanobacterial strains, with no consistent differentiation of sponges or cyanobacteria among locations or among sponge color forms.  Log-determinant distance matrices from each group were significantly positively correlated, indicating that more closely related sponges host more closely related cyanobacteria.  These data suggest a high potential for coevolution, and possibly cospeciation, of symbiotic cyanobacteria and their host sponges.

Impact of the brittle-star Amphiura filiformis on the flux of oxygen into the sediment—a microcosm study

David Thistle,1 Kay Vopel,1 and Rutger Rosenberg.2  1Department of Oceanography, Florida State University, Tallahassee, Florida 32306-4320, USA; 2Kristineberg Marine Research Station, University of Göteborg, S-450 34 Fiskebäckskil, Sweden.

The exchange of solutes between sediment and bottom water is a major component of material cycles in aquatic environments.  For impermeable sediments, it is mainly attributed to molecular diffusion and the advective transport of seawater by benthic invertebrates.  The rate of the seawater advection varies with spatial and temporal changes in the abundance and composition of the infaunal community.  An estimation of the magnitude of these variations requires information on the species contribution to the exchange of solutes.  Here we quantified the impact of the species Amphiura filiformis (O. F. Müller) on the total oxygen flux into muddy sediment.  The brittle star supplements the diffusive flux of oxygen across the sediment-water interface by maintaining a ventilatory stream of seawater through its burrow.  We calculated the oxygen flux from the burrow water into the surrounding sediment based on burrow size, the inhabitant’s respiration rate, and the oxygen consumption of inhabited burrows.  The potential contribution of an A. filiformis population to the oxygen flux into the sediment was then estimated for abundance off the Swedish coast.  These calculations revealed that the oxygen uptake of the inner burrow surface exceeds the oxygen diffusion across the sediment-water interface by a factor of 1.7.  Thus, any change in a local population associated with, e.g., the species life history, its density-dependant migration, and mortality would have a significant effect on the exchange of solutes between the bottom water and the sediment.

Reproductive ecology of the invasive Japanese kelp Undaria pinnatifida along the California coast
Carol Thornber,1* Brian Kinlan,2 Michael Graham,1 Jay Stachowicz.1  1Center for Population Biology, University of California, Davis, CA, USA; 2Department of Ecology, Evolution, and Marine Biology, University of California, Santa Barbara, CA, USA.
The exotic kelp Undaria pinnatifida has recently become established at several locations in California coastal waters.  Undaria is native to Japan, but in recent decades it has spread via  purposeful and accidental introductions to numerous other coastal areas around the globe.  The population biology of Undaria varies greatly among geographic locations.  For example, although Undaria is an annual kelp, it may either have clearly defined seasonal cycles of growth and senescence (Japan), or overlapping generations in which individuals are present throughout the year (New Zealand).  Some invasions of Undaria (e.g. New Zealand) have resulted in significant changes to the native flora and fauna; but it is unknown what effects Undaria may haveon California’s marine communities.  This study represents the first attempt to document the reproductive ecology and population biology of Undaria in California.  We tracked the timing and magnitude of Undaria recruitment, growth, and subsequent reproductive onset in the Santa Barbara, California harbor following the discovery of a dense, reproductive population there in April 2001.  From July to September 2001, there was limited recruitment of new Undaria sporophytes.  Although these individuals did mature and reproduce, they were much smaller than the spring 2001 cohort.  A much larger recruitment pulse was observed during January-February 2002, followed by rapid growth of individuals.  This recruitment pulse is correlated with a drop in ocean temperature, and ongoing laboratory culture experiments are exploring the effects of different water temperatures on the growth of microscopic stages of Undaria.  This research  provides insight into the potential for Undaria spread and growth into previously unoccupied habitats along the California coast, as well as information for the timing of subsequent eradication efforts.

Feeding methods of Balanus eburneus and Balanus amphitrite in the Indian River Lagoon, Florida

Melissa A. Tillack1* and Lee F. Braithwaite.2  1Department of Biological Science, Florida State University, Tallahassee, FL  32306-1100, USA; 2 Department of Zoology, Brigham Young University, Provo, UT 84602,  USA.
Filter feeding of barnacles can be active or passive.  Active filter feeding involves stroking the water with the filter structures, with the organisms expending significant energy.  Passive filter feeding involves holding the cirri up into the water and allowing ambient current to bring them food, followed by periodic withdrawal of the cirri with their captured food.  Past studies have demonstrated a trend of this prolonged extension of the cirral net in response to increased water current.  In order to determine if Balanus eburneus and Balanus amphitrite employ passive feeding in high current situations and active feeding in low current situations, the cirral activity of these species from the Indian River Lagoon were observed.  Barnacles occurring in the field in low current sites were compared to those occurring in high current sites.  A difference in the number of feeding cirral beats per minute was found among the two species and within the species over the two current regimes.  Balanus amphitrite utilized more cirral beats per minute than B. eburneus.  Both species used more cirral beats per minute in low current sites compared to high current sites.  Barnacles of both species were also observed in a flow tank, where they were exposed to low and high currents.  Individuals did not change their cirral beats per minute as the flow was increased.  The lack of response to current change in the laboratory suggests that differences of feeding in current were genetic or fixed early in ontogeny. 

Where have all the larvae gone?  Inferring patterns of larval dispersal in an intertidal crab using microsatellite markers
Robert J. Toonen.*  Section of Evolution and Ecology, Center for Population Biology, University of California, Davis, Davis, CA 95616, USA; e-mail rjtoonen@ucdavis.edu.
Species with long-lived planktonic larvae are thought capable of extensive dispersal, which should result in little genetic structure across broad geographic scales.  One alternative, suggested by Wing et. al (1995a,b, 1998), is that larval dispersal may be limited by hydrodynamic retention zones associated with headlands along the California coastline.  Using highly polymorphic microsatellite markers, I characterized genetic structure within and among 12 geographic populations spanning most of the species range of the porcelain shore crab, Petrolisthes cinctipes.  Significant genetic structure among regions revealed by this study suggests that dispersal by the planktotrophic larvae of P. cinctipes is not extensive.  However, my data also indicate that retention zones cannot account for the pattern of genetic structure observed among geographic populations of P. cinctipes.  Instead, inferred levels of effective gene flow among populations decrease with geographic distance of separation between sites, but the relationship is nonlinear.  A parabolic relationship between pair-wise estimates of gene flow (M_hat) and geographic distance of separation (km) among populations of P. cinctipes suggests that larvae are unlikely to settle either very close to the site of release or extremely far from it.  Clustering analyses further suggest that recruits at each site are most similar to breeding adults from southern populations during the 1997- 1998 El Nio event, and to those in northern populations during the 1999 La Nia.  My data imply that fine-scale genetic structure in P. cinctipes is a combined result of 1) variation in the source of larval recruits across years, 2) individual variation in adult reproductive success, and 3) temporally and spatially variable natural selection. 

Marine Invertebrate Diversity Initiative (MIDI):  on-line documentation of marine invertebrates in the Gulf of Maine, Bay of Fundy, and the Scotian Shelf—a tool for science, industry, and education

Thomas J. L. Trott,1* Peter F. Larsen,2* Jayne Roma,3 and Derek Davis.3  Department of Biology, Suffolk University, Boston, MA  02114-4280, USA; 2Bigelow Laboratory for Ocean Sciences, West Boothbay Harbor, ME 04575, USA; 3Nova Scotia Museum of Natural History, 1747 Summer Street, Halifax, Nova Scotia B3H 3A6, Canada.
The Marine Invertebrate Diversity Initiative (MIDI) is a program for development of an on-line database to represent a current standard reference on marine invertebrates inhabiting the Gulf of Maine, Bay of Fundy and Scotian Shelf (www.fundyforum.com/MIDI). MIDI’s focus is to provide an infrastructure for mapping and access to information on marine invertebrates and marine habitats. This framework pools together data layers of taxonomy, distribution, habitat, images and literature to make a huge volume of previously isolated information web-accessible. This important aspect of the MIDI concept supports a two-way flow of information among scientists, educators, students and the general public. These End-users help guide the development of the database that is steered towards their solicited needs and objectives for using this information. By providing a standard reference, invertebrate biodiversity can be considered in decisions involving environmental assessments, management of ocean resources and citing marine protected areas. A major benefit of the initiative is its provision of information that can be used to produce a wide range of educational materials such as school curricula and illustrated species guides that will ultimately foster public awareness to encourage successful conservation efforts.

Sex expression of a Caribbean coral, Porites astreoides
S. Tso* and D. F. Gleason.  Department of Biology, Georgia Southern University, Statesboro, GA 30460-8042, USA.

In hermaphroditic organisms, sex allocation theory predicts the proportion of resources invested in female versus male function should decline with decreasing energy availability.  In photosynthetic organisms, size may also be a major determinant of energy available for reproduction and may affect the partitioning of resources between male and female function.  Porites astreoides is hermaphroditic and exists at depths of 1 to >33 m.  This coral is nutritionally dependent on photosynthetic endosymbionts so occupying this depth range represents a steep light energy cline. We addressed whether sex expression in P. astreoides varies along this cline and with colony size.

Twenty colonies of P. astreoides were sampled at depths of 3 to 27 m near St. Croix, U.S.V.I. four times during a month-long reproductive cycle.  The area of spermaries, ova and larvae was measured in histological sections using NIH digital imaging software.  All colonies contained both ova and spermaries.  Spermary area was greatest between the last quarter and new moon phases, while ova and larvae area were greatest near the last quarter.  Gonad area and the ratio of ova area to total gonad area tended to decrease with depth, while larval area increased.  Gonad area, the ratio of ova area to total gonad area, and larval abundance were positively correlated with colony size, indicating that smaller colonies allocate less energy per unit area to reproduction.  These data suggest that small P. astreoides colonies, or those at depth, may allocate a greater proportion of resources to the less costly sex (male function) to optimize reproductive success.  However, a combination of other factors, such as population density and current velocity, may be influencing fertilization success and eventual larval production.

Community structure at the Florida Escarpment cold seep

M. Turnipseed* and C. L. Van Dover.  Department of Biology, College of William and Mary, Williamsburg, VA 23187, USA.
Measures of community structure (e.g. species composition, evenness, biomass) are fundamental to studies of underlying processes that govern natural communities.  These descriptors are poorly known for deep-sea chemosynthetic communities.  As part of an ongoing study of diversity and community structure of chemosynthetic ecosystems, our lab has produced quantitative, comparative measures of biodiversity at hydrothermal vents on the Mid-Atlantic Ridge and the East Pacific Rise by assessing the species richness, evenness, and composition of invertebrates associated with mussel-bed habitats.  We are now expanding our studies to include examinations of community structure at cold seeps, which are chemosynthetic ecosystems that rely on seepage of water rich in reduced compounds from sub-seafloor sediments. The Florida Escarpment cold-seep mussel beds support 46 species, mostly gastropods, polychaetes, crustaceans, and echinoderms, almost twice the species richness of mussel-bed communities at a hydrothermal vent on the Mid-Atlantic Ridge.  One hypothesis is that the elevated species richness of Florida Escarpment mussel bed communities is caused by greater species accumulation at the seep, which has been stable over evolutionary time compared to the shorter-lived vents on the Mid-Atlantic Ridge.  Vents on the Southern East Pacific Rise, though, are highly ephemeral habitats, lasting 5-10 years, and support 50-55 species of invertebrates associated with mussel beds.  Distinguishing among the regional and local processes (e.g. age of the ocean basin and habitat stability) that potentially determine community structure at vents and seeps will be facilitated by our establishment of basic ecological descriptors of chemosynthetic ecoystems.  

Interaction strength at the coral reef-seagrass interface:  has overfishing diminished the importance of seagrass habitat production for coral reef food webs?

John F. Valentine* and Kenneth L. Heck, Jr.  101 Bienville Blvd., Dauphin Island Sea Lab, Dauphin Island, AL 36528-0369, USA.
Ecosystems are generally extensive and open.  Both the passive and active transport of materials can link ecological communities across permeable habitat boundaries via currents, larval drift and foraging migrations.  In marine environments, once abundant large consumers were observed to feed in multiple habitats to meet their nutritional needs.  Thus, marine ecosystems may well have been characterized by a greater degree of cross-habitat energy exchange then is now recognized. While we now know that overfishing has dramatically lowered piscivorous fish density, we do not know the degree to which this overfishing has altered trophic exchanges among differing habitats (e.g., between coral reef and seagrass habitats). To assess the impacts of the removal of large piscivorous fishes on the strength of such linkages, we are using replicated protected (no-take) and unprotected (fished) reefs in the Florida Keys National Marine Sanctuary.  So far, we have not detected a significant increase in reef-resident piscivores (e.g., snappers or groupers) in the "no-take zones", but we have documented significantly more transient piscivorous fishes (bar jacks and barracuda) and lower order consumers (herbivorous and omnivorous fishes) in these protected areas. And, that these transient predators are reliant on production occurring within adjoining seagrass habitats.  Beyond developing an improved understanding of how natural food webs may have once functioned, these results may provide insights into the minimum size needed for  successful marine reserves.

Sustainability of a new mechanical clam harvesting rotation plan to manage the hard clam (Mercenaria mercenaria) fishery in North Carolina

Eileen M. Vandenburgh,1* Charles H. Peterson,1 Sean P. Powers,1 and Patricia L. Murphey.2  1University of North Carolina at Chapel Hill, Institute of Marine Sciences, Morehead City, NC, 28557, USA; 2North Carolina Division of Marine Fisheries, Morehead City, NC, 28557, USA; telephone (252) 726-6841; fax (252) 726-2426; e-mail vanden@email.unc.edu.
Clam kicking is a controversial method of mechanical clam harvesting, practiced only in North Carolina.  However, clam kicking in Core Sound, Carteret County, NC, is no longer sustainable due to overharvesting.  This has resulted in adoption of a rotation plan in which a new area in nearby Pamlico Sound was opened in December, 2001, to clam kicking while part of Core Sound was closed as the start of a rotation cycle.  We do not know if this new rotation plan will achieve sustainability without environmental harm.  Therefore, we have a unique opportunity to evaluate the impacts of clam kicking on the stocks in Pamlico Sound to assess potential negative environmental impacts on clam recruitment and seafloor habitat quality, and to document recovery processes in the closed area of Core Sound as a means of assessing the effectiveness of a two-year rotation cycle.  We plan to evaluate the effects of clam kicking on relative population size, size- and age-structure in the fishable population and recruitment of juvenile clams in the Pamlico Sound area for comparison to the same parameters in Core Sound.  We sampled in spring and fall 2001 (before the new area was opened to kicking in December 2001) and will return in spring and fall 2002 after one season of kicking.  Sampling for adult population size and size-and age-structure was done from a commercial clam kicking boat to provide densities that can be related to area, and sampling for clam recruits and associated benthic organisms was done by suction dredge.  Our results will answer critical questions regarding the management of the North Carolina hard clam fishery.  Specifically, we will determine if the rotation between Core and Pamlico Sounds is a sustainable way to manage the fishery and minimize damage to the habitat.

Spatial and temporal complexity in the progression and perpetuation of alternate algal states

John Vavrinec,1* Robert S. Steneck,1 Douglas C. McNaught.2  1University of Maine Darling Marine Center, Walpole ME, USA; 2Brown University, Providence RI, USA.

Serial depletion of sea urchin populations led to a rolling phase shift along the coast of Maine in the last decade.  Southern parts of the state were the first to switch from coralline dominated urchin barrens to fleshy macroalgal beds, but the transition has steadily progressed to the northeast with shifting fishing pressures.  These areas experienced a rapid succession from primarily filamentous algal species to kelp usually within two or three years of urchin extirpation.  Theory predicts these kelp should outcompete other algal forms and remain dominant in this alternate stable state.  However the succession along the southern coast continued beyond this "climax" community and over time a complex understory algal assemblage became established.  This understory appears to be competitively equal, or even superior, to the kelp.  Given the differing oceanographic conditions along the coast, it is uncertain if this algal succession will lead to the same turf community or kelp beds as the phase shift continues northeast.  While kelp beds may be able to support limited numbers of urchins under their higher canopy, the red algae understory assemblage can spatially dominate the substrate and virtually excludes all urchins.  Therefore, this increased algal density, diversity, and complexity may be important in maintaining and understanding the stability of the fleshy macroalgal state.

Fooled by sampling frequency:  an example using demise and recovery of seagrass in Indian River Lagoon, FL
Robert W. Virnstein,* Lori J. Morris, Edward W. Carter, and Lauren Hall.  St. Johns River Water Management District, P.O. Box 1429, Palatka, FL 32178.

Seagrass in Indian River Lagoon (30,000 ha total seagrass) is monitored by two main methods: (1) mapping every 2-3 years since 1986 based on aerial photos and (2) field monitoring of 85 fixed transects twice a year since 1994.  These two methods generally show similar temporal patterns throughout the Lagoon.  However (isn’t there always a “however”?), seagrass in one small segment showed highly disparate patterns, depending on the monitoring method and frequency.  This segment is a poorly-flushed but relatively pristine area whose drainage basin is a relatively undisturbed hardwood swamp and marsh system.

What happened?  It depends.  Based on the Lagoon-wide mapping, the amount of seagrass varied little over time.  However, based on the higher-frequency monitoring of transects plus additional field checks, over 100 ha of seagrass completely disappeared from this segment in summer 1997, but had fully recovered by summer 2000.  This demise was preceded by a shift from predominantly Halodule wrightii plus patchy Halophila engelmannii to Ruppia maritima in 1996.  Recovery occurred in the reverse sequence—first, recruitment by Ruppia seedlings followed by dominance by Halodule plus Halophila.  

Why did seagrass decline?  (Short answer: we don’t know.)  Before the demise, the sediment in the area was covered with a thick layer of accumulated organic detritus and ooze.  After the demise, all the surface organic matter disappeared, and sediment sulfide levels were high (>1500 (M, Paul Carlson), but also in surrounding areas.  Water quality and rainfall data indicated nothing unusual or outside the tolerance range of seagrasses.  Light attenuation values were higher after the demise.  We conclude that this was a “natural” event caused by the gradual buildup of organic matter and a subsequent system “crash.”  Have you observed similar events?

Be careful; are you being fooled by connecting only the big dots?  

Effects of sediment contamination on the burrowing behavior of the infaunal amphipod Leptocheirus plumulosus with implications for predation risk
Bruce Vogt.*  College of William and Mary, Virginia Institute of Marine Science, USA; telephone (804) 684-7744.

Sediments serve as a reservoir for a mixture of anthropogenic pollutants including PAHs, PCBs and heavy metals.  As a result, sediments can be a long-term source of toxic exposure for benthic organisms.  The majority of contaminated areas are considered to have moderate to low levels of contamination, which may induce sublethal effects in exposed fauna.  Sublethal effects such as abnormal behavior and reduced growth and fecundity are subtle but potentially detrimental ecological responses to contaminant exposure.  Of these, behavioral responses are perhaps the most sensitive and immediate.  For this study we focused on the burrowing behavior of Leptocheirus plumulosus because it is an important predator avoidance response and thus has implications for survival (influences survival).  Amphipods were collected from the field and placed in mesocosms containing either clean reference sediment or contaminated sediment for an exposure period of 90 days.  Mesocosms were sampled every 15 days and reburrowing trials using juveniles were conducted.  A reburrowing trial consisted of introducing a single amphipod into the center of a small container containing clean sediment and recording the time required for the amphipod to burrow below the sediment-water interface.  Amphipods exposed to contaminated sediments on average burrowed significantly slower than amphipods from clean mesocosms.  A second experiment showed that when allowed to burrow into contaminated sediment both exposed and unexposed amphipods demonstrate strong aversion to burrowing.  In both experiments, amphipods responded to sediment contamination by increasing the amount of time spent on the sediment surface effectively increasing the risk of predation relative to unexposed amphipods burrowing into clean sediment.  Additional lab studies suggest even after burrowing, amphipods will migrate out of contaminated sediment and reestablish burrows in clean sediment.  Perhaps this is evidence that amphipods will risk greater predation in order to escape/avoid hazardous sediment conditions.

Does preferential herbivory of manatee grass over turtle grass explain zonation of these two species in seagrass beds adjacent to the Belize barrier reef?

Eric J. von Wettberg,* Andrew H. Altieri, Elizabeth W. Boyd, Melissa D. Lage, Caitlin P. Mullan, Brian R. Silliman, Yuko “the War Hammer” Toyanaga, and Mark D. Bertness.  Department of Ecology and Evolutionary Biology, Brown University, Providence, RI 02912, USA.
Caribbean near reef (within 70 m) seagrass beds are dominated by manatee grass (Syringodium filiforme) and turtle grass (Thalassia testidinum).  Previous studies have shown that manatee grass dominates seagrass beds at intermediate distances from reefs, whereas turtle grass dominates areas near to and far from reefs; this pattern has been attributed to preferential herbivory of manatee grass by reef fish.   We conducted a set of surveys and experiments on the Belize barrier reef at Ambergris Caye to test the generality of this pattern and mechanism.  Our experiments confirmed that grazers preferred manatee grass to turtle grass, and that overall grazing pressure decreased with distance from the reef.  Our surveys showed that turtle grass abundance increased with distance from the reef, and manatee grass showed no spatial gradient in abundance.  Thus grazing preference alone is not enough to explain the spatial distribution of near reef seagrasses in this system.  Our results suggest that species specific characteristics such as growth rates and competitive interactions must also be taken into consideration.

Impact of the brittle-star Amphiura filiformis on the flux of oxygen into the sediment— a microelectrode approach

Kay Vopel,1 Rutger Rosenberg,2 David Thistle,1 and Michael Teasdale.1*  1Department of Oceanography, Florida State University, Tallahassee, Florida 32306-4320, USA; 2Kristineberg Marine Research Station, University of Göteborg, S-450 34 Fiskebäckskil, Sweden.

The exchange of oxygen across the sediment boundary is a key parameter in early diagenesis.  For impermeable sediments off the Swedish coast, oxygen exchange is caused by molecular diffusion and the advective transport of seawater by the brittle star Amphiura filiformis (O. F. Müller).  This species contributes to the total flux of oxygen by maintaining a ventilatory stream of seawater through its burrow.  Our microcosm-experiments revealed that the oxygen demand of a buried adult of A. filiformis equalled the oxygen uptake of 11 cm² of the sediment surface, and that a typical population of the brittle star would increase the total oxygen uptake of the seafloor by 250% (see our other poster).  Here we used microelectrodes and a laboratory flume to check these results.  We calculated a diffusive flux of oxygen across the sediment-water interface of 18.5 mg O2 m-2 h-1 from the slope of high resolution profiles in the diffusive boundary layer.  We measured the oxygen consumption of an inhabited burrow of 20 µg O2 h-1 by following the change of oxygen concentration in the disc chamber immediately after all burrow openings had been blocked.  These values were essentially the same as we found in the microcosm approach.  Therefore, the species A. filiformis can have a substantial effect on oxygen flux into the seabed.

Recruitment of the oyster Crassostrea virginica on intertidal reefs in areas with intense boating activity in the Indian River Lagoon, Florida

Lisa Wall,1,3* Linda Walters,1 Kevin Johnson,1 Neysa Martinez,1 and Ray Grizzle.2  1Department of Biology, University of Central Florida, 4000 Central Florida Blvd. Orlando, Florida, 32816, USA; 2Jackson Estuarine Laboratory, University of New Hampshire, Durham, NH 03824, USA; 3Present address 215 Lynn Ave., Satellite Beach, FL 32937, USA; telephone (321) 773-8881; e-mail wall-campeaul@brevard.k12.fl.us.
Productivity, diversity and survival of estuaries are threatened by explosive coastal population growth and associated recreational activities. One major area of recreational growth has been the number of people motoring in small pleasure craft at high rates of speed. In counties bordering Mosquito Lagoon (northernmost section of the Indian River Lagoon system, east coast of central Florida), there were 51,000 registered boaters in 1998. Numbers have increased 10% annually since 1986 and continue to grow. In areas of Mosquito Lagoon with intense boating activity, intertidal reefs of Crassostrea virginica with dead margins commonly occur. The dead margins consist of mounds of disarticulated shells. The cause(s) of the reef die-offs is unclear. However, the disarticulated shells may be reducing reef sustainability if these surfaces are unavailable for oyster recruitment. Recruitment trials were run on eight reefs (4 impacted, 4 healthy) in two eight-week trials in Summer 2001 and Winter 2001-2002. Sediment loads, temperature and water motion at all sites were monitored. In the Summer 2001 trial, no significant differences were found between or within sites for settlement or recruitment. However, temperatures reached over 40˚ C on exposed portions of reefs and settlement of the barnacle Balanus amphitrite was intense at all locations. Barnacles outcompeted C. virginica in most interactions.  Although published reports suggest that recruitment occurs year-round in the Indian River Lagoon, very few new individuals of any species attached to our treatment shell surfaces in December 2001 – February 2002.  Recruitment data of this type is needed to identify causes of reef declines, habitat-specific management protocols and appropriate restoration techniques.

Rhizocephalan recognition:  are the larvae of parasitic barnacles attracted to chemical cues?

K. D. Walters* and J. R. Pawlik.  Center for Marine Science, University of North Carolina at Wilmington, Wilmington, NC 28409, USA.
Many marine invertebrate larvae use chemical stimuli to identify suitable settlement sites.  Parasitic barnacles are an extreme case of settlement desperation; with the time span of a few days female cyprids must find a host crab and male cyprids must settle on a virginal female externa on the abdomen of a parasitized crab.  The cyprids of Loxothylacus texanus are known to respond to contact-dependent cues associated with the postmolt epicuticle of Callinectes sapidus.  Antennules on female cyprids have chemoreceptors that may also respond to soluble chemical stimuli released by postmolt crabs.  Male cyprids may respond to pheromonal cues given off by virginal externae.  A constant flow experiment with an unparasitized crab vs. a no-crab control will be used to determine if female cyprids can move against flow to find their host.  Male cyprids will be tested with a virginal externa and a control.  Two sacculinid barnacles will be tested; Loxothylacus texanus and L. panopeai, parasites on Callinectes sapidus from the Gulf of Mexico, and Rhithropanopeus harrisii from North Carolina, respectively. 

Measuring estuarine habitat quality:  ribbed mussel (Geukensia demissa) growth and survival across tidal creek habitats

Keith Walters1* and Loren Coen.2  1Department of Marine Science, Coastal Carolina University, Conway, SC 29528, USA; 2South Carolina Marine Resource Research Institute, Charleston, SC 29422, USA.

The functional similarity and overall quality of major intertidal marine habitats (e.g., mud flats, salt marshes, oyster reefs) were investigated experimentally within South Carolina marshes.  Such data on the relative quality of coastal habitats are critical for enacting effective coastal conservation strategies.  Relative habitat quality was assessed using an experimental, “bioassay” approach to determine differences in growth and survival of target species.  Geukensia demissa, one of the selected target species, were transplanted into each of the dominant intertidal habitats in the Southeastern US.  Appropriate experimental controls such as caging were used to account for ancillary factors (e.g., predation) that would confound assessment of habitat quality differences.  Mussels from a single source site were sized prior to placement in the field and then deployed at multiple sites within 1 cm mesh cages placed at similar elevations in mud flat, salt marsh and oyster reef habitats.  Growth, change in size (length, width, height) and mass (ash-free dry), and survival of the caged mussels were determined after 12 months.  There were no significant differences in linear shell growth among the habitats with the mean increase in length ranging between 10.1 and 12.3 mm, but the yearly increase in tissue ash-free dry mass was significantly different among habitats.  Caged mud flat mussels had a greater increase in tissue ash-free dry mass (789.1 mg/G) than either caged salt marsh (769.8 mg/G) or oyster reef mussels (736.6 mg/G).  Mussel survival within cages (67 to 81%) was not significantly different among the three habitats.  Results suggest that mud flats represent a better quality habitat for G. demissa producing greater tissue growth in the absence of predation.

Shell movement and juvenile survival of the oyster Crassostrea virginica on intertidal reefs adjacent to waters with intense boating activity in the Indian River Lagoon, Florida
Linda Walters,1* Kevin Johnson,1 Lisa M. Wall,1 Neysa Martinez,1 and Ray Grizzle.2  1Department of Biology, University of Central Florida, 4000 Central Florida Blvd., Orlando, FL 32816, USA; 2Jackson Estuarine Laboratory, University of New Hampshire, Durham, NH 03824, USA.

Resulting from anthropogenic influences or natural disturbance events, some reefs of the eastern oyster Crassostrea virginica in central Florida have been declining in size in recent years.  Additionally, dead margins (i.e. mounds of tightly packed, disarticulated shells extending above the high tide line) are commonly found adjacent to boating channels.  To determine the impact of water motion on shell dispersal and juvenile survival, experiments were run on eight reefs in Mosquito Lagoon, the northernmost region of the Indian River Lagoon system.  Four reefs had large dead margins, while the other four monitored reefs had no dead margins.  To measure shell movement, 25 pre-weighed, loose, oyster shells were deployed within 0.25m2 quadrats on the exposed, middle and protected regions of each reef and dispersal of shells was assessed weekly for eight weeks during Summer 2001 and Winter 2001-2002.  Boating activity adjacent to all reefs was also recorded during the trials.  There was a positive correlation between shell dispersal on the exposed regions of reefs and the mean number of boats per hour that passed by the study reefs.  Shells that weighed less than 50 grams and those which exceeded 100 grams moved less than intermediate weight shells, and the protected sides of the reefs experienced the least amount of shell movement.  In a separate experiment to determine the impact of shell movement on juvenile oyster survival, 1-cm diameter clay mimics were attached to 20 loose shells at the exposed, middle and protected regions of all reefs during the winter trial.  After four weeks, clay damage was recorded and used as a proxy to estimate damage to C. virginica at this vulnerable stage in its life-history. Mimics were recorded as intact, nicked, severely damaged or missing.  Damage was greatest on exposed sides of reefs in areas with intense boating activity.

Mass mortality of the staghorn coral Acropora cervicornis in Jamaica:  unique event or repeated pattern?

C. M. Wapnick,1* W. F. Precht,2 and R. B. Aronson.1  1Dauphin Island Sea Lab, 101 Bienville Boulevard, Dauphin Island, AL 36528, USA; 2Ecological Sciences Program, PBS&J, 2001 NW 107th Avenue, Miami, FL 33172, USA.

Caribbean coral reefs are encountering problems including reduced coral cover, increased macroalgal cover, declining fish abundance, the loss of herbivorous sea urchins, and decreasing accretion rates.  Whether these recent shifts represent unusual conditions remains unanswered.  These changes have been observed in the coral reefs at Discovery Bay, Jamaica, for decades.  The goal of this study is to extract cores from Columbus Park in Discovery Bay and use fossil coral assemblages from the Holocene to reconstruct the community structure of these reefs in a broader historical context. We are testing the hypothesis that the modern transitions from acroporid corals to macroalgal dominance are unique on a centennial to millennial scale. Our guiding hypothesis is that A. cervicornis essentially dominated these reefs continuously prior to the 1980s. Like previously studied lagoonal reefs of Belize and Panama, it is likely that these reefs are currently exhibiting a community structure unique to the past several thousand years. Extreme levels of both human and natural disturbance have caused this species to decline precipitously. The search for large-scale, ecological upheavals in the past is critical to evaluating the role of human activities in degrading coral reefs.  If no mass mortality of A. cervicornis occurred before the present episode, the contention that the current situation is novel would be supported.  Understanding the recovery responses of the reef community to local mortality events through time is also critical to answering whether the recent shift is a unique event or repeated pattern.

How will warming temperatures affect a gorgonian–coral-pathogen system? Experiments with the sea fan (Gorgonia ventalina)–Aspergillus interaction

Jessica R. Ward,1* Drew Harvell,1 and Kiho Kim.2  1Department of Ecology & Evolutionary Biology, Corson Hall, Cornell University, Ithaca, NY 14853, USA; Department of Biology, American University, 4400 Massachusetts Ave NW, Washington DC 20016-8007, USA.

Coral diseases have caused extensive mortality in the Florida Keys, USA.  The prevalence and severity of coral diseases are predicted to increase with increased frequency and intensity of high sea surface temperatures.  However, few quantitative studies of temperature and disease synergisms have been conducted.  Our experiments test the hypothesis that increased temperatures will facilitate some coral pathogens at the expense of hosts.
Gorgonian octocorals are common reef organisms in the Florida Keys, USA, and Caribbean.  At least five gorgonian species are susceptible to aspergillosis, a fungal disease responsible for significant sea fan (Gorgonia ventalina) mortalities in the Florida Keys.  The pathosystem is useful because it is possible to test both host and pathogen temperature optima and the intact pathosystem.  The pathogen, Aspergillus sydowii, has a growth temperature optimum of 30°C.  Inoculation experiments with the intact pathosystem, using a clonal design, reveal that (1) the host bleached (suffered decreased zooxanthella density) at 31.5°C, (2) antifungal activity varied with sea fan clone and increased rather than decreased with temperature, (3) sclerite coloration increased with increased temperature, and (4) antifungal activity was not affected by fungal inoculation.

These experiments confirm a stress response in the host at the pathogen’s optimal temperature but do not support the hypothesis of decreased antifungal resistance at that temperature.  Lack of a fungal inoculation effect raises the possibility that the inoculation experiments should be run longer.  Future work includes experiments with similar design but of longer duration to assess the effects of sustained high temperature and fungal infection on host resistance.

Parasite burdens of deep-sea hydrothermal vent mussels

Megan E. Ward,* Charlie Gregory, and C. L. Van Dover.  Department of Biology, College of William and Mary, Williamsburg, VA 23187, USA; e-mail meward@wm.edu.
Parasite burdens of bivalve populations inhabiting polluted, shallow-water environments are elevated relative to populations living in uncontaminated water.  Given the high concentrations of metals, sulfide, and other noxious chemicals at deep-sea hydrothermal vents, susceptibility to parasites may be increased, as it is in stressed shallow-water communities.  It is unclear whether these compounds are perceived as stressors by the mussels in the vent environments.  In fact, the mussels rely on the toxic chemicals as the basis of life.  Adaptations required to survive in this unique habitat may play a role in reduction of susceptibility to parasites due to environmental stressors.  Powell et al. (1999, Deep-Sea Research II) studied parasite type and prevalence in mussels at hydrocarbon seeps in the Gulf of Mexico. Five parasite types, including gill ciliates, Bucephalus-like trematodes, and chlamydia/rickettsia-like inclusions, were identified in the seep mussels.  Infection prevalence and intensities were comparable to data on intertidal mussels.  Nothing is yet known about parasite burdens at hydrothermal vents.  Histopathology will be used to measure parasite intensity and prevalence  in hydrothermal vent mussels.  Histological sections comprising gill, mantle, and digestive tract will be examined for parasites, followed by a statistical evaluation of parasite infection intensity (mean number of occurrences per tissue cross-section) and prevalence (percent infected).

Benefits and costs of fast food:  feeding and growth of southern oyster drills, Stramonita haemastoma (Gastropoda:  Muricidae), on sabellariid worm reefs

Jeffrey T. Watanabe1,2* and Craig M. Young.1  1Harbor Branch Oceanographic Institution, Fort Pierce, FL 34946, USA; 2Florida Institute of Technology, Melbourne, FL 32901, USA.

Gastropods that bore through the calcareous shells of prey have extremely large costs associated with feeding, often employing a number of strategies to minimize the time and energy spent handling prey.  Costs and benefits associated with different types of prey can influence everything from prey choice to survival, growth, and fitness.  On sabellariid worm reefs along the east coast of Florida, populations of the southern oyster drill, Stramonita haemastoma, do not have such high handling costs because they feed on the soft tissue of the reef-building tubeworm Phragmatopoma lapidosa.  Although polychaetes are not the oyster drill’s usual prey, Stramonita haemastoma feeds more efficiently on tubeworms than on bivalves.  Predation on polychaetes takes much less time (~30 minutes) than predation on bivalves (24-72 h).  No drilling is required, and more tissue is consumed per hour of effort than for other types of prey.  In addition, oyster drills from worm reefs are anatomically adapted for feeding on tubeworms, with proboscides nearly twice the length of bivalve feeding conspecifics.  Growth of S. haemastoma on a polychaete diet is much slower than on oysters, despite the savings in energy and time, but differences in caloric content of prey do not adequately explain this observation.  Slow growth of polychaete predators can affect reproductive output and timing, a perilous predicament in the temporally unstable sabellariid reef environment.

Locomotion and chemical sensory tradeoffs during olfactory navigation

D. R. Webster,1 M. J. Weissburg,2 and D. L. Smee.2*  1Civil and Environmental Engineering and 2Biology, Georgia Institute of Technology, Atlanta, Georgia 30332, USA.
Animals foraging in turbulent odor plumes must acquire appropriate chemical information while responding to the fluid forces imposed upon their bodies. Animals in a flow environment experience drag forces that vary with flow velocity and the animal's orientation. Drag forces were measured on a model blue crab oriented at 0 degrees (facing the flow) and 90 degrees (perpendicular to the flow) using a simple force transducer. The drag coefficient was greatest when the body angle was 0 degrees, and it decreased by a factor of 2 when the body angle reached 90 degrees. Therefore, it was expected that blue crabs would minimize drag during locomotion by adopting a body angle of 90 degrees. The body angles of foraging blue crabs were examined in a laboratory flume under differing flow speeds. At a high flow speed (10 cm/sec), crabs assumed a drag minimizing posture in the presence and absence of food odors. However, at low flow speed (5 cm/sec), crabs oriented at approximately 50 degrees. This result suggested that minimizing drag is not the only constraint to navigation. A variety of techniques were used to examine odor signal structure impinging on olfactory appendages. At lower angles, the antennae received an unobstructed odor plume composed of intermittent intense chemical signals, which is important for olfactory tracking. As body angle increased, signal strength decreased, and the crab’s ability to identify and track chemical odor plumes diminished. Therefore, there is a tradeoff between minimizing drag and maximizing sensory capability. 

Functional morphology of antennular setae of scyllarid lobsters

Dolores Weisbaum* and Kari Lavalli.  Southwest Texas State University, San Marcos, TX 78666, USA.

Previous investigations have primarily focused on nephropid and palinurid mechano- and chemoreceptive structures and their properties, while little work has focused on the third major family, the Scyllaridae. In these investigations, lateral antennules of both the nephropid and palinurid have been determined to be used in distance chemoreception (smell), while legs have been determined to be used in contact chemoreception (taste). However, in recent findings, legs of both Scyllarides nodifer and S. aequinoctialis do not appear to function in contact chemoreception, while preliminary behavioral analysis indicates that their antennules may be used for both distant and contact chemoreception.  

In this study, the identification of hair structures upon the lateral antennular flagellum of 2 species of scyllarid lobsters (S. nodifer and S. aequinoctialis) was conducted through Scanning Electron Microscopy. Recognizable setal types were grouped into the classes established by Watling (Crustacean Issues 6:15-26,1989), while new setal types were named, described and placed into an appropriate class. Distribution patterns were analyzed for each species and a comparison was made between the two species to determine significant differences via chi-squared contingency tables.  From preliminary data, that has been analyzed thus far, 5 setal types have been identified and a distinct distribution pattern for each hair type can be observed on the antennular flagellum.

Biogeochemical controls on the stable C and N isotopic composition of marine sponges in the Florida Keys

Jeremy B. Weisz,1* Melissa Southwell,2 Christopher S. Martens,2 and Niels Lindquist.1  1Institute of Marine Sciences, University of North Carolina at Chapel Hill, 3431 Arendell Street, Morehead City, NC 28557, USA; 2Department of Marine Sciences, University of North Carolina at Chapel Hill, CB# 3300, Chapel Hill, NC 27599, USA.

Sponges are filter-feeding organisms and therefore should exhibit stable C and N isotopic ratios that reflect predicted trophic enrichments from those of their planktonic food.  However, little is known about natural diets of sponges and nutritional contributions from microbial symbionts common to sponges, including photosynthetic and N2-fixing microbes.  To better understand the nutritional ecology of sponges, we examined stable C and N isotopic ratios of multiple sponge species, along with surface sediments and seagrasses, from environmentally diverse sites in the vicinity of Key Largo, Florida.  The δ13C values of both sponge tissue and surface sediments show a systematic depletion moving from nearshore sites (~ –15‰) to offshore reefs (~ –18‰), suggesting that seagrass carbon (~ –8‰), when decomposed and assimilated into appropriately sized particles, may be an important source of carbon for sponges in nearshore environments.  Two species reported to contain photosymbionts, Xestospongia muta and Aplysina cauliformis, show a depletion in δ13C of about 0.5 to 2‰ relative to other species, suggesting that the photosymbionts are contributing newly fixed carbon to the sponge.  Among nine widely distributed sponge species, the mean δ15N values of five species was ~4.4‰, which is about 3‰ heavier than surrounding seagrasses, surface sediments, and suspended particulate organic matter (0.7-100μm).  This is consistent with an enrichment of one trophic step.  In contrast, three Ircinia species and Aplysina cauliformis had significantly lighter δ15N values (0.5‰ - 2‰).  The lighter δ15N values of A. cauliformis and Ircinia spp. could result from significant amounts of new nitrogen contributed by nitrogen-fixing microbial symbionts.  The amplification of nifH genes from the tissue of these sponges supports the hypothesis that these sponges host symbiotic nitrogen-fixing bacteria.  It is possible, therefore, to use δ15N and δ13C measurements of bulk sponge tissue, to further understand the nutrient cycling and symbiotic interactions occurring within sponges. 

Impacts of natural and anthropogenic disturbance on water column attributes of the Pamlico River Estuary, North Carolina

Terry West,1* Reide Corbett,2 Lisa Clough,1 and Worth Calfee.3  1Department of Biology, e-mail west@mail.ecu.edu, 2Department of Geology, and 3Coastal Resource Management Program, East Carolina University, Greenville, NC  27858, USA.

The Pamlico River estuary of North Carolina is a large, shallow, non-tidal system.   Work in progress examines the relative impact of natural (wind-driven) and anthropogenic (commercial fish trawling) disturbance on water column attributes (concentration of chlorophyll a, dissolved inorganic phosphate, nitrite-nitrate, ammonia, and temperature, salinity, and dissolved oxygen).  Paired areas (1 trawled, 1 not trawled) each approximately 900 m2, were demarcated using a GPS unit at an upstream and downstream location in South Creek, a major subtributary of the Pamlico River in which trawling has been prohibited during the past 15 years.  Each area was sampled for 4 days prior to, and immediately after a controlled trawling event during July and October 2001.  Water column attributes were measured at near surface (0.25 m) and near bottom (~2.5 m) depths. Preliminary findings imply that trawling mimics the mixing function of wind, and reduces the magnitude of top versus bottom differences in all water column attributes, as well as the variance of each of these parameters.   The scale of this trawling impact is, however, small relative to that of wind-generated mixing. 

Localization of ecologically active secondary metabolites in two Caribbean sponges

Kristen Whalen,1* Julia Kubanek,1,2 and Joseph R. Pawlik.1  1Center for Marine Science, University of North Carolina at Wilmington, Wilmington, NC 28409, USA; 2School of Biology, Georgia Institute of Technology, Atlanta, GA 30332-0230, USA.

Among invertebrates, sponges have yielded the greatest number and diversity of secondary metabolites, yet the fine-scale localization of these defenses is poorly understood.  Optimal defense theory predicts that defensive compounds would be located near sponge surfaces and not be wasted where they may not needed, if surface-mediated interactions drive selection for these chemical defenses.  To test this hypothesis, two species of Caribbean sponges containing structurally similar chemical defenses were dissected and metabolites quantified as a function of distance from the sponge surface.  For Ectyoplasia ferox the majority of defensive triterpene glycosides were concentrated in the surface mucus and in the outer two millimeters of sponge tissue, consistent with the predicted distribution.  In contrast, triterpene glycosides in the sponge Erylus formosus were present at greatest concentrations below the sponge surface.  Despite these different localization patterns, surface concentrations of triterpene glycosides in both sponge species were sufficient to provide some protection from fouling and overgrowth organisms.  It is possible that triterpene glycosides fulfill additional, still unknown, functions inside Erylus formosus which may account for the fine-scale distribution differences. 

Testing the effects of crab predation cues on enhancing clam restoration efforts

Lindsay Whitlow,1* William Walton,2 and Beth Walton.2  1Department of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, MI  48109, USA, and Wells National Estuarine Research Reserve, Wells, ME, USA; e-mail lwhitlow@umich.edu; 2Beals Island Regional Shellfish Hatchery, Beals Island, ME, and Shellfish Department, Wellfleet, MA, USA.

Restoration efforts are underway to increase soft-shell clam populations (Mya arenaria) along the coast of New England since the invasion of green crabs (Carcinus maenas).  Previous research has found that clams exhibit greater burrowing depth and increased siphon length in response to the crabs.  We tested whether crab exclusion cages could be combined with crab predation cues to increase survival of seed clams planted during restoration efforts.  We also tested how crab predation cues affected clam characteristics raised in a shellfish hatchery.  Clams burrowed deeper in response to chemical cues released from crabs feeding on clams and alternative prey items.  Clams that burrowed deeper had slower growth rates.  Hatchery clams exposed to chemical cues released from crabs feeding on clams had higher growth rates.  The hatchery clams with higher growth rates burrowed deeper in the sediment when placed into restoration plots.  Those deeper hatchery clams suffered lower predation.  Results show seed clams are capable of detecting chemical cues from crab predation.  The clams burrow in response to crab predation cues to decrease vulnerability to predation.  Slower growth by deeper clams suggests reduced feeding efficiency at greater depths in the sediment.  Higher growth by hatchery clams in response to crab predation cues suggests clams may respond to threats by increasing overall growth rate, and feeding efficiency would not decline under hatchery conditions.  The greater burrowing depth and higher survival of hatchery clams exposed to crab predation cues are most likely associated with larger size and longer siphon length.  This preliminary study suggests the possibility of combining crab exclosures with crab predation cues may enhance clam restoration efforts, but further research is needed.

Does cyclomorphosis occur in harpacticoid copepods?  Investigation of genetic and seasonal morphologic variation in Nannopus palustris Brady 1880 in North Inlet, South Carolina, USA

Lisa C. Wickliffe,1,2* Lesya Garlitska,1,4 Joseph L. Staton,1 and Bruce C. Coull.1,2,3  1Belle W. Baruch Institute for Marine Biology and Coastal Research, 2Marine Science Program, 3School of the Environment, University of South Carolina, Columbia, SC, 29208 USA; 4Odessa Branch Institute of Biology of Southern Seas, National Academy of Sciences of Ukraine, Odessa, 65011, Ukraine.
In 1965, Lang noted morphological variation as a universal feature of Nannopus palustris populations, worldwide.  In 1977, Coull and Fleeger found females of N. palustris in North Inlet, South Carolina, to have hooked caudal rami at relatively high frequency (~30%), which had previously been noted by others.  Recently, we began re-sampling North Inlet to look at genetic and seasonal morphological variation within N. palustris.  We discovered two body forms of sexually mature females (fat and thin) that have never been described.  A few females possessed a basal “tooth” on the caudal rami (<1%), and these females were even wider than the “fat” form.  The percentage of females slightly increased (1-2%) in numbers between December 2001 and February 2002.  Also, the numbers of N. palustris sampled during this time period increased.  By February, we were unable to find the thin form in our samples.  Genetic haplotypes (mitochondrial cytochrome b gene) indicated the fat and thin forms are not genetically distinct.  At the time of this abstract, cytochrome b of the “toothed,” fat females have not been sequenced. Seasonal variations in morphology progress towards a larger, more robust female in N. palustris, not unlike that of cyclomorphosis in daphnids, as this species reaches its seasonal peak to become one of the dominant Spring harpacticoids in North Inlet Estuary.  

Bleaching stress and photosensitivity in Amphistegina gibbosa, a reef-dwelling foraminifer

D. E. Williams,1* P. Hallock,2 G. McRae,3 and D. Otis.2  1NOAA Southeast Fisheries Science Center, 75 Virginia Beach Drive, Miami Florida 33149, USA; e-mail Dana.Williams@noaa.gov; 2University of South Florida, College of Marine Science, MSL 140 7th Ave South, Saint Petersburg, FL 33701, USA; 3Florida Marine Research Institute, 100 8th Ave S, Saint Petersburg, FL 33701, USA.

Since summer 1991, Amphistegina gibbosa populations throughout the Florida Keys (USA) have been afflicted with a disease that results in loss of diatom endosymbionts or ‘bleaching’.  Populations from Conch Reef were monitored from 1992 through 1999, and reveal that bleaching stress can profoundly alter the size structure and recruitment success in a population.  Inter-annual fluctuations in bleaching intensity (87% of the adult population in 1992 to 19% in 1997) were strongly positively correlated with mean size and negatively correlated with percent juveniles, supporting previous observations that bleaching stress suppresses reproduction and thereby reduces recruitment and population abundance.  

Observations based on bleaching trends in field populations and laboratory experiments strongly suggest that bleaching stress is a response to ‘supraoptimal’ exposure to solar radiation, particularly the shorter wavelengths.  Bleaching in field populations increased seasonally, affecting 40 to 50% of the population each year around the summer solstice and declining to a winter low, when approximately 25% of the population was affected.  Bleaching prevalence and severity was consistently and significantly lower in populations at Tennessee Reef than at Conch Reef.  SeaWiFS images and direct field measurements indicate that light attenuation, particularly of shorter wavelengths, was significantly greater at Tennessee Reef compared to Conch Reef.  Laboratory experiments verified that optimal light intensities for A. gibbosa are approximately 8mol-photons/m2s, and that exposure to even slightly higher intensities or to shorter wavelengths (≤450nm) of light can induce bleaching. 

Possible causes of bleaching include changes in light quality associated with ozone depletion that could disrupt phototactic behavior or directly induce photooxidative stress. Another possibility is sublethal exposure to toxins that increase sensitivity to light. 

Lipid class and fatty acid profile of a benthic harpacticoid copepod, Heteropsyllus nunni; with a comparison of pelagic copepod lipid classes
Judith L. Williams.*  Department of Biological Sciences, University of Southern Mississippi Gulf Coast, Long Beach, MS 39560, USA.
Heteropsyllus nunni Coull, is a marine benthic copepod that undergoes dormancy (diapause) during summer months within sandy, intertidal beaches along the coast of Mississippi and South Carolina. Prior to dormancy, this copepod produces a large amount of bright orange lipid that is stored along the entire length of the body.  This harpacticoid is herbivorous, feeding mainly on benthic algae/diatoms that grow on sand grains. The fatty acid profile of  H. nunni is reflective of an herbivorous diet. Surprisingly, it contains only a small portion of polyunsaturated fatty acids and essential fatty acids as compared to pelagic copepod's (i.e., Calanus) fatty acid content. Lipid class results show that the primary storage lipid is a wax/sterol ester, comprising 80% of the total lipid. This is the same lipid class that is stored by large pelagic calanoid copepods during their winter diapause.  The predominance of wax esters, while common in overwintering calanoids, is perhaps an unusual storage lipid for a benthic, subtropical harpacticoid. Paradigms surrounding lipids associated with diapause are presented for disucssion and re-evaluation. 

Fishing pressure and the blue crab, Callinectes sapidus:  reproductive consequences

Donna L. Wolcott,1* Adina Motz Carver,1 Tom Wolcott,1 and Anson H. Hines.2  1Department of Marine, Earth, and Atmospheric Sciences, North Carolina State University, Raleigh, NC 27695-8208, USA; 2Smithsonian Environmental Research Center, Edgewater, MD 21037, USA.

Male size and the amount of seminal stores that males transfer to females are reduced in a heavily fished subpopulation of the blue crab, C. sapidus, compared to a less heavily fished subpopulation in the Rhode River area of the upper Chesapeake Bay. Long-term sampling also revealed a decline in number of males relative to females. Based on known mating behavior, this may contribute to the high female mortality rates associated with mating, observed using telemetry in summer 2000. Fishing mortality on females from this population is also high, based on the capture of tagged crabs by the fishery. Data indicate that essentially all females are finding mates, based on the presence of stored sperm in the spermathecae.  Furthermore, preliminary data from egg masses from females in the lower Chesapeake Bay and from North Carolina show high proportion of developing eggs in each brood, which is inconsistent with sperm depletion. Functionally, sperm limitation would appear to contribute less to a reduction in female reproductive output than fishing mortality, both indirectly through its increase in operational sex ratio and potential for rough sex, and directly through mortality.  

Migration of adult female blue crabs—do they smoke after mating?

Thomas G. Wolcott,1* Donna L. Wolcott,1 Heather V. Turner,1 and Anson H. Hines.2  1Department of Marine, Earth, and Atmospheric Sciences, North Carolina State University, Raleigh, NC 27695, USA; 2Smithsonian Environmental Research Center, Edgewater MD 21037, USA.

Female blue crabs generally undergo their terminal molt to maturity, and mate, in meso- and oligohaline portions of estuaries.  Subsequently they migrate down-estuary to high-salinity “spawning grounds” where they begin producing egg masses and releasing larvae.  Refuges have been established to protect the brood stock, but their optimization requires a more complete understanding of the migration behavior.  We hypothesized that in upper Chesapeake Bay mated females would begin migrating promptly after mating; by moving fast they might traverse the 120 km to spawning grounds and produce at least one brood with fresh sperm, before facing the risks of overwintering.  We also expected that females would orient and assure transport down-Bay by riding nocturnal ebb currents.  Repeated night trawls during spring-tide ebbs yielded almost no females, prompting us to track adult females fitted with ultrasonic pingers.  These remained in the mating areas for weeks, feeding and building up energy reserves before beginning migration.  Return of pingers and across-the-back tags by the fishery showed that only after the end of September did females begin to be caught more than a few km from their point of release.  To begin elucidating the behaviors involved, we fitted a few females with telemetry transmitters and followed them continuously.  These individuals generally moved toward deep (>10m) water, never swam off the bottom, and foraged day and night.  Apparently upper-Bay females only begin migrating toward spawning grounds in late fall.  They may not ride tidal currents.  Some apparently over-winter en route and complete migration the following spring.  Reproduction by upper-Bay females can only begin in the summer following mating, with attendant risks of winter mortality to crab and stored sperm.  

Recruitment into disturbed vs undisturbed sediments in the field, ammonium as a cue?

Erin Wolfe* and Sarah Woodin.  Marine Science Program, University of South Carolina, USA.

Arenicola juveniles differentiate between undisturbed and disturbed sediments in laboratory experiments.  The juveniles burrow rapidly into undisturbed sediments but delay or fail to burrow into disturbed sediments.  Similar experiments were performed in the field to determine if the juveniles show the same recruitment response under natural conditions.  Juveniles were introduced to disturbed and undisturbed sediments; sediment was disturbed by removing the top 5 mm.  Sediments with added juveniles were exposed to three minutes of stream flow and then collected.  Significantly more juveniles were retained in the undisturbed sediment treatment than in the disturbed sediment treatment (p < 0.02), as expected based on the laboratory experiments.

A proposed negative cue for juvenile recruitment is the presence of elevated ammonium concentrations in surficial sediments.  Ammonium occurs naturally in marine sediments and concentration increases with depth.  The ammonium concentration of disturbed sediments resembles that of subsurface sediments, and Arenicola juveniles delay burrowing into  surfaces with elevated ammonium in still water laboratory experiments.  To determine the response of juveniles to elevated ammonium concentrations in flow, sand cores were modified to exhibit an ammonium concentration of disturbed sediments.  The juveniles were introduced to the modified and unmodified sediments in a flume and were collected after three minutes of water flow. While the numbers of individuals retained in the two treatments were not significantly different (p<0.10), the trend was consistent with the still water experiments in that more juveniles were retained in the normal low ammonium surficial sediments than in the elevated ammonium sediments.

The functional response and behaviours of sea stars and rock crabs preying on juvenile sea scallops
Melisa C. Wong* and Myriam A. Barbeau.  Department of Biology, University of New Brunswick, Fredericton, N.B. E3B 6E1, Canada.
Sea stars (Asterias vulgaris) and rock crabs (Cancer irroratus) are major predators of juvenile sea scallops (Placopecten magellanicus), and their predation rate and behaviours may be affected by prey density.  The relationship between predation rate of individual predators and prey density is termed the functional response and can have 3 general shapes: predation rate can increase linearly with prey density (Type 1), it can increase at a decelerating rate and reach a plateau as prey density increases (Type 2), or it can increase at an accelerating rate at low prey density and at a decelerating rate at high prey density (Type 3).  Experimentally, the type of  functional response is most easily identified by examining proportional mortality (per capita mortality of prey) versus prey density.  We used laboratory experiments to examine the effect of scallop density (10 levels between 11 and 111 scallops/m2) on predation by sea stars and rock crabs; these experiments were conducted on two substrates (glass bottom and granule).  In the sea star experiment, proportional mortality of scallops was not significantly different for scallop density or substrate.  However, predation rate was significantly higher at high prey density and could indicate a Type 2 functional response.  Proportion of time sea stars spent handling and encounter rate between sea stars and scallops were significantly higher at high scallop density than at low scallop density.  In the rock crab experiment, proportional mortality was significantly higher at low scallop densities than at high scallop densities, indicating a Type 2 functional response on both substrates.  Scallop density or substrate did not have a significant effect on any foraging or encounter behaviours with crabs. 

Zebra mussel invasion reveals a novel food web link between zooplankton and benthic suspension feeders

Wai Hing Wong and Jeffrey S. Levinton.*  Department of Ecology and Evolution, State University of New York at Stony Brook, Stony Brook, NY 11794, USA.

We tested the hypothesis that the microzooplankton are a potential food source for zebra mussels and therefore that microzooplankton might be linked trophically to estuarine and coastal bivalve populations. We labeled phytoplankton with 14C and fed them to two species of rotifers, previously found abundantly in the Hudson River, which had declined following the zebra mussel invasion. The labeled rotifers were fed to zebra mussels and we estimated the assimilation of carbon. Assimilation efficiencies were found to be ca. 37.4 to 54.0 percent. Combined with our feeding experiments, data on rotifer densities before and after the zebra mussel invasion permit calculations of energy budgets for zebra mussels. Before zebra mussels dominated the Hudson River in 1992, the assimilation from rotifers was about 2 to 3 times higher than its routine metabolic rate and also contributed about 0.349 (J h-1) to 0.662 (J h-1) to mussels growth and reproduction, conferring a positive scope for growth. Since the zebra mussels became abundant in the Hudson River, the assimilation is still sufficient to explain about 16.4% to 23.1% of the mussels routine metabolic rate. Therefore, rotifers play a conceivably large role in the zebra mussels energy budget whether at high rotifer concentrations (before the invasion) or at low rotifer concentrations (after the invasion). This is the first quantitative evidence for a trophic link between zooplankton and benthic bivalve mollusks, and likely  extends to marine systems where bivalves may derive nutrition from microzooplankton including planktonic invertebrate larvae.

Microbial-geochemical-animal interactions drive microhabitat heterogeneity within the Eel River methane seeps, northern California

Wiebke Ziebis,1 Lisa Levin,1* Guillermo Mendoza,1 Valerie Growney,1 and Robert Michener.2  1Integrative Oceanography Division, Scripps Institution of Oceanography, La Jolla, California, 92093-0218, USA; 2Boston University Stable Isotope Lab, Dept. of Biology, 5 Cummington St. Boston, MA  02215, USA.
Methane seeps on the northern California margin (500 m) consist of 1- to 100-m2 patches of microbial mat and clam (Calyptogena pacifica) aggregations, interspersed with nonseep sediments.  We examined the role of microbiological processes and resulting geochemical gradients in structuring infaunal benthic assemblages within these different patch types.  Clam bed, microbial mat and nonseep sediments exhibit strikingly different vertical profiles of oxygen and sulfide concentration as well as different sulfate reduction and methane oxidation rates.  Highest rates of sulfate reduction (2.6 mmol/m2/d to 15 cm), highest sulfide concentrations (to 10-15 mM), and virtually no oxygen penetration were observed in sediments covered with surficial mats of filamentous sulfur bacteria.  The macrofauna in this habitat was dominated (> 80%) by a complex of 6  dorvilleid polychaete species that appear to partition the environment vertically and nutritionally, as inferred by stable isotopic C and N signatures (species avg. 13C range from –20 to –37).  In clam bed sediments, oxygen penetration is greater, sulfide is present (to 2 mM) only below about 4-5 cm and sulfate reduction rates are lower (0.9 mmol/m2/d), with maximum activity at 6-9 cm depth).  Clam bed macrofauna largely resembles non-seep fauna, with high densities of polychaetes, amphipods and tanaids, but several taxa (oligochaetes, dorvilleid polychaetes) are present only specific vertical zones of the clam bed habitat.  Fine (mm-cm) -scale comparisons of faunal distribution with sulfide concentration in reveal that most major taxa in seep sediments (except dorvilleid polychaetes) avoid suflide concentrations over 1 mM).  Studies of methane seep habitats promise to yield a new understanding of animal response and adaptation to extreme sulfidic environments.

Entrainment of the larval release rhythm of the blue crab, Callinectes sapidus, by step changes in salinity and the light:dark cycle

Tracy A. Ziegler,* Richard A. Tankersley, and Patricia Pochelon.  Department of Biological Sciences, Florida Institute of Technology, USA.
Blue crabs, Callinectes sapidus, synchronously release their larvae near the time of high slack water, with most releases occurring during the daily ebb tide between midnight and noon.  Previous studies indicate hatching is controlled by two coupled endogenous oscillators, one with a circatidal periodicity and one with a circadian periodicity.  We tested the hypothesis that these two oscillators are entrained by separate zeitgebers (i.e., salinity for the circatidal clock and light for the circadian clock).  We also tested whether the expression of the circatidal clock is modified by the circadian oscillator.  Ovigerous crabs with early-stage embryos were collected near Beaufort Inlet, NC during June-August 2001.  To determine if salinity serves as the zeitgeber for the tidal clock, crabs were subjected to step changes in salinity every 6 h for 8-14 days before being placed under constant conditions 2-3 days prior to larval release.  Under these conditions, hatching occurred during the expected high salinity phase of the cycle, whereas hatching was random in crabs collected at the same time but maintained under constant conditions.  When crabs were exposed to a 12:12 LD cycle before being placed under constant conditions, larval release was concentrated near the time of the expected onset of light, indicating that light entrains the circadian oscillator.  When crabs were subjected to both step changes in salinity and a LD cycle, most hatching occurred during the expected high salinity phase associated with the onset of light.  These results support the hypotheses that (1) larval release in blue crabs is controlled by two endogenous clocks, (2) salinity and light serve as the zeitgebers for the circatidal and circadian oscillators, respectively, and (3) expression of the circatidal rhythm is influenced by the circadian clock such that larvae are released and transported offshore during morning ebb tides. 

