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Objectives and Hypotheses
Central question #5 of the Florida Bay program management committee asks:  “What is the relationship between environmental and habitat change and the recruitment, growth and survivorship of animals in Florida Bay?” Studies on the relationship between environmental change and the dynamics of upper trophic levels are a major element of the Florida Bay research program because population declines of some species, such as wading birds, may indicate that the Bay’s capacity to support them is declining and/or that habitats deemed important to these resources are degraded (Deegan et al. 1998).  Despite prior efforts to understand the ecosystem dynamics of Florida Bay, very little research has focused on one of the most highly visible components of the upper trophic fauna of this system: the bottlenose dolphin, Tursiops truncatus. We have initiated a research project to quantify the response of bottlenose dolphins to environmental variation at both fine and broad scales in Florida Bay.  We expect the results of this research will be of particular value to managers attempting to predict, monitor and understand the effects of the Comprehensive Everglades Restoration Project (CERP) on the upper trophic fauna of Florida Bay. 

We will test the hypothesis that dolphins occur and feed preferentially in habitats where prey densities are high.  We will further test whether spatial and temporal variation in the density of prey is related to variation in water quality and habitat type. To do this, we will determine the distribution of bottlenose dolphins in relation to the distribution of their prey, to variation in water quality, and to habitat type. As humans continue to alter the South Florida landscape, we hope to provide recommendations to managers regarding the effects of habitat degradation and restoration on the upper trophic levels of Florida Bay.

Florida Bay is a rich field laboratory for this type of research because it is a complex mosaic of habitats, producing striking environmental variation and heterogeneous habitat quality.  Researchers have grouped the regions of Florida Bay into a series of sub-environments (zones) based on similar physical characteristics and distribution of flora and fauna (e.g. Thayer and Chester 1989, Sogard et al. 1989) (Figure 1). These five zones differ in physical parameters such as salinity, temperature and turbidity, as well as biotic parameters including seagrass coverage (Zieman et al. 1989) and the composition of fish assemblages (Sogard et al. 1989, Thayer and Chester 1989, Matheson et al. 1999, Thayer et al. 1999).  Moreover, the bottom substrate within Florida Bay is a highly heterogeneous patchwork of dense seagrass, intermediate seagrass, sparse seagrass, hardbottom, sand, mud, mixed bottom suite, and mud bank suite (Figure 1). 

We will examine the distribution and behavior of bottlenose dolphins within these varied habitats and across relevant environmental gradients to describe the habitat use of bottlenose dolphins.  Most of Florida Bay lies within the Everglades National Park or Florida Keys National Marine Sanctuary borders, so no commercial fishing practices are permitted, other than restricted recreational fishing for lobster and stone crab in the FKNMS portion of the Bay at specified times of the year. Therefore, there is little vessel traffic in the Bay other than recreational fishermen. These two factors make it possible to study the “natural” distribution patterns of bottlenose dolphins where their behavior and habitat are relatively undisturbed by immediate anthropogenic activities.
Methods and Analysis

The methods described below have already been tried and tested in the field.  We conducted a pilot field season in Florida Bay from July 1999 to April 2000, and one full field season during the 2002 summer. Previous research in Florida (Allen and Read 2000, Waples 1995) studied habitat use of bottlenose dolphins at a fine-scale using behavioral sampling techniques similar to those we are using in Florida Bay. We will examine habitat use by bottlenose dolphins across the diverse environments that comprise Florida Bay through synoptic field sampling of water quality, the fish community and bottlenose dolphin distribution and behavior. 

Specific areas of research are the distribution of dolphins in Florida Bay relative to:

· Water quality (temperature, salinity, water clarity)

· Bottom substrate (seagrass, hardbottom, mud, sand, mud bank)

· Zone (Eastern, Central, Western, Gulf Transition, Atlantic Transition)

· Fish community (abundance, diversity, size class, and specific prey items)

· Behavior: Is foraging behavior related to habitat type and quality?

· Group Composition (presence of calves; large groups vs. small groups)

Surveys

We will collect data on the distribution of bottlenose dolphins in Florida Bay by conducting dedicated surveys and focal animal follows (see below) from small, outboard-powered vessels.  Surveys will be conducted only during periods when Beaufort Sea State is 2 or less to ensure equal “sightability” of dolphins. Surveys will be conducted at planing speed, approximately 20 km/hour. GPS waypoints will be recorded every five minutes on a hand-held field computer linked to an on-board differential GPS unit. We will measure temperature and salinity (with a YSI 30) and measure water clarity using a Secchi disk at 30-minute intervals. Due to the complex topography and bathymetry of Florida Bay, including many mangrove islands, mud banks and shoals, it is not feasible to survey along set tracklines. Instead, each basin is circumnavigated and then bisected to ensure equal coverage (Figure 2). 

To capture variation in environmental features, we will divide the study area into strata, with each sub-environment representing habitat of similar composition and quality.  We have divided the Bay into five zones (see above) and are using the “Bottom Types of Florida Bay” map (Halley and Prager 1997) to classify the benthic habitat of the Bay into the following categories: dense seagrass, intermediate seagrass, sparse seagrass, hardbottom, sand, mud, mixed bottom suite, and mud bank suite (Figure 1). Each survey route will be overlaid on this coverage to determine the precise bottom habitat type and zone covered.

At each dolphin sighting a GPS location will be recorded and water quality assessed. Photographs of the dorsal fin of each dolphin in the group will be taken to determine which individuals are present and to describe group composition. Group size, the presence or absence of dependent calves and the general behavioral state of the group will also be recorded.

Photo-Identification


Photographs will be taken with Nikon autofocus cameras and 300-mm zoom lens, using Fujichrome 100 ASA slide film.  After the photographs are processed, we will label each slide with the date, encounter number and roll number.  Prior to photo-identification, we will grade each slide for photographic quality (Urian 2001).  The photographic quality score is based on a weighted scale that incorporates the following characteristics: focus and clarity, contrast, angle of the fin to the photographer and visibility of the fin. Excellent quality images will receive scores from 5-7; good quality images will range from 8-9; and poor quality images will score 10 and higher.  We will also score the distinctiveness of each dolphin’s dorsal fin, evaluated using the patterns of nicks and notches.  Dolphins with the most distinctive features (evident in even a poor quality photograph) will be scored 1; those with intermediate features (at least 2 distinguishing features or 1 major feature) will be scored 2; and animals with few or no distinctive characteristics will be considered unmarked and received a score of 3.  We will use this scoring system to assist in matching individual dolphins to our existing catalogue of dolphins in this area and to facilitate future use of the data. 
Good quality photographs of distinctive individuals will be compared with our existing catalog.  New individuals will be added to the catalog and images of these individuals will also be contributed to the NMFS/SEFSC photo-identification catalog of bottlenose dolphins of South Florida.  The Dolphin Ecology Project has been conducting fieldwork in the upper Florida Keys since November 1998 and has established a photo-identification catalog that presently includes 223 identifiable animals for the Florida Bay area.  

Focal Follows

After all individuals in the group have been photographed, we will select one individual as a focal animal and follow that dolphin at a distance of ~ 25 m.  We will select any dolphin with readily distinguishable features that has not previously been followed as a focal dolphin. During these follows, we will use point sampling (Mann 1999) to record location, habitat type, behavior and group size at three-minute intervals.  Additionally, water quality is recorded every 30 minutes and a 3-minute bottom trawl is conducted on the hour and whenever foraging is observed. Behavioral categories, adapted from the Sarasota Dolphin Research Program (Urian and Wells 1996) are travel, social, rest, feed, probably feed, mill, play and with boat.

Using these criteria, it will be possible to distinguish dolphins that are actively feeding from those engaged in other activities.  In addition to collecting data on habitat use in real time, we will use spatial analysis to overlay dolphin behaviors over coverages of bottom type, zone, salinity, temperature and clarity to look at fine-scale level habitat use as it relates to behavior. In our prior field work in Florida Bay, we conducted 18 focal follows, with a maximum follow duration of 6 hours and 54 minutes and observed focal animals engaging in a variety of behaviors, including feeding.

Distribution of Prey

Due to the expansive, uninhabited nature of Florida Bay, stranded dolphins are rarely recovered and to date no data exist on the stomach contents of dolphins from this area (Nelio Barros, Mote Marine Laboratory, pers. comm.). Therefore, since little is known about the diet of bottlenose dolphins in Florida Bay, for the purposes of this research we assume that their diet is similar to that documented in adjacent areas (e.g. Barros and Odell 1990).  We will, however, continue to examine the stomach contents of stranded dolphins in this area. 

Since the habitats of Florida Bay are so diverse, no single fishing technique can be used to reliably document the fish community in all locations. Therefore, we propose the use of several fishing techniques to assess the fish community throughout Florida Bay: (1) 3-minute long bottom trawls; (2) 30-minute gillnet sets using 3 ¼ inch and 3 ¾ inch mesh; (3) castnetting and (4) dipnetting. Fish will be placed in an aerated bucket of water and removed for identification and measurement before being released alive.  

The locations of bottom trawls and gillnet sets will be randomly generated using Geographic Information System software (ArcGIS) to adequately sample the different habitat types and zones. Although both trawls and gillnet sets catch potential dolphin prey (see Appendix A), the size class of catch from trawls is often below the prey size class of dolphins. For this reason, we believe that gillnetting is a useful technique to size select catch within the Bay. During the 2002 summer we conducted 26 gillnet sets using a 50 yard gillnet of 3 ¼ in mesh (139 twine) that was 6 feet deep with a soak time of 30 minutes. We attached indicator floats to the float line and were present and vigilant during the entire soak time. With these methods we had no by-catch and only 2 fish died during all the sets (both Spanish mackerel). Although the catch from gillnets may be more directly relevant to the diet of dolphins, the coverage with just 26 gillnet sets within Florida Bay is not adequate to interpolate the fish community within the entire bay. Therefore, we propose to extend the gillnet length by 50 yards and double the amount of gillnet sets conducted through the bay during the 2003 summer field season to 52 sets. This second panel of gillnet will be of a larger mesh size (3 ¾ inch / 208 twine) which will allow us to catch larger fish still within the dolphin prey size range. The soak time of the gillnet will remain 30 minutes and will continue to be supervised at all times. Additionally, floats will continue to be attached to the float line at 10 m intervals to indicate any possible large catch. This will allow us to asses the situation quickly and release any unintended catch. To ensure no turtle catch in our gillnet sets, we will not set in areas of high turtle density: Rabbit Key basin, Twin Key basin and Arsnicker basin. Additionally, all field personnel are trained in sea turtle resuscitation in the event any turtle is caught. However, with such a short soak time (30 minutes) any impact on a caught turtle should be limited and minor. In order to avoid rough-tooth sawfish by-catch, no gillnet sets will be conducted within their habitat in northeastern Florida Bay and, prior to any set, the waters will be assessed for any animals present.

Although gillnet sets catch fish that are more likely to be within the size range of dolphin prey, it is not feasible to conduct a gillnet set during focal follows. Additionally, despite the limits of dolphin-prey catchability of trawls, trawl abundance and diversity are indicative of habitat quality. Thus, both trawling and gillnetting are useful to describe the fish community of Florida Bay. So, in addition to increasing the number of gillnet set, we propose to continue trawling at a somewhat reduced rate. Last year we only conducted a total of 121 trawls: 99 randomly generated trawl sites and 22 during focal follows. For our 2003 summer field season we are proposing only a total of 171 trawl sites. Like last summer, all of these will not be conducted. We expect to trawl about 75 of the randomly generated trawl sites. The research trawl will be the same as used last year: a 10-foot semi-balloon trawl, with 1.5”stretch mesh and a 3/8” mesh linter.  The trawl is equipped with lexan runners to minimize disturbance to the bottom.  We will trawl for brief periods of 3 minutes at a speed of 4 km/hr.  

In addition to trawling and gillnetting, we propose to use castnetting where fish are seen running in areas that are too shallow for the boat. We will castnet from our vessel (17 ft. whaler) with a net of 8 ft. radius with 2 ¾ in stretch mesh and a 9 lb lead line. Last year we conduct 8 successful castnet throws. Finally, we propose to dipnet around feeding dolphins (specifically, those fish which jump through the air during mud rind feeding by dolphins) to sample specific prey items of the animals. Through these four fishing techniques, we will compare fish community composition at sites where dolphins are observed feeding, where dolphins are present but not feeding, and at areas where dolphins are absent.

In summation, we propose to double the number of gillnet sites while simultaneously reducing the number of trawl sites and supplementing these methods with occasional castnetting and dipnetting.  Hence, we are combining four fishing methods in order to obtain full coverage of the prey community within the entire bay while also collecting data on dolphin prey. 

Appendix B lists the locations of randomly generated trawl and gillnet sites and Figures 3-8 displays these locations geographically. 

All captured fish will be placed into an aerated bucket of water and removed for identification and measurement before being released alive. A maximum of 50 specimens of each species are measured from each trawl, allowing construction of length-frequency plots for common species. In our previous field work in Florida Bay, 98% of fish we caught were released alive. 

Benthic Sampling
To correlate water quality, fish community and dolphin distribution and behavior with the benthic habitat type we have been using a map created by the USGS in 1997, “Bottom Types of Florida Bay” (Halley and Prager 1997). However, after using this map for a few field seasons, we are suspect as to the accuracy of this map and therefore propose to verify this map through benthic sampling in some areas. In most areas of Florida Bay the water is clear enough to qualitatively assess the benthic habitat as sparse seagrass, dense seagrass, hardbottom, etc. However, in a few areas of the bay the clarity is poor and the benthic habitat cannot be assessed visually. In these areas we propose to use a small bottom garb sampler (<10 lb) and sieves to quantitatively assess the benthic habitat. This process will bring certainty to the few areas of the bay where the benthic habitat is questionable (northern central zone, the gulf transition zone, and a few areas of the western zone). We propose to do bottom grabs only at fish sampling sites or sighting locations where clarity is poor. Benthic disturbance caused by the bottom grab sampler will be minimal (less than 1 sq. ft at each sampling location). We estimate conducting less than 30 bottom sampling grabs during the 2003 summer field season. 

Analysis

All information will be analyzed using ArcGIS to determine spatial relationships between (1) survey effort within habitat types and zones, (2) dolphin distribution and density, (3) water quality, (4) fish diversity and abundance and (5) dolphin behavior. In order to thoroughly analyze for statistically significant trends and spatially explicit habitat preferences of dolphins and fish, Mantel’s test (1967) will be applied. Mantel tests are able to overcome many problems associated with examining distribution-environment relationships because they can be multivariate and can explicitly include geographic space as a variable in the test or remove the effect of geographic space on other variables. Through Mantel’s tests, relationships between dolphin distribution and environmental variables and geographic space will be tested for significance. Spatial analysis will also include logistic regressions and discriminant function analyses to determine suitable habitat versus non-habitat, as well as trend analysis to tease out the local spatial structure of Florida Bay. The statistical package S-Plus will be used to conduct statistical analysis.

During our 2002 summer field season we had 60 bottlenose dolphin sightings consisting of 377 animals. Preliminary results from our 2002 summer field season indicate that bottlenose dolphins use the habitats of Florida Bay in a non-random manner (p < 0.001, χ2 = 235, df = 5).  Only 12% of Florida Bay is covered by mud habitats, but 33% of all sightings and 42% of all animals sighted in the Bay occurred in these habitats. In addition, dolphins were distributed non-randomly in the five zones of the Bay (p < 0.001, χ 2 = 142, df = 4). Very few dolphins were observed in the eastern and Atlantic transition zones (Figure 9).  Interestingly, only 1% of the eastern zone and less than 1% of the Atlantic transition zone is covered by mud. Spatial analysis revealed that the density of dolphins (corrected for group size of each sighting) was greatest in the western part of the Bay, particularly in the Gulf Transition and Western zones. This distribution pattern reflects that of prey, seen in figures 10 and 11, in which the density of fish caught in both trawls and gillnets is greatest in the Western and Gulf Transition Zones. 

The CPUE of fish caught in trawls was also related to the zone in which the trawl was conducted (p < 0.001, χ 2 = 34.5, df = 4). However, the relationship between CPUE and bottom habitat type was not significant (p = 0.103, χ 2 = 7.7, df = 4). The number of fish caught in gillnets was significantly related to both zone (p < 0.01, χ 2 = 13.3, df = 4) and bottom habitat type (p < 0.03, χ 2 = 12.2, df = 5). GIS interpolation of species richness and diversity (Shannon-Weaver Index) from 86 trawls conducted in Florida Bay revealed greater richness and diversity in the western areas of the bay (Figures 12 and 13). Notably, small peaks in both richness and diversity in the eastern side of the bay were near the inlets to the Atlantic. Non-uniform patterns of water quality are also seen through the GIS interpolation of salinity, temperature and clarity measurements taken throughout Florida Bay during the 2002 summer (Figures 14, 15 and 16).

Through continued field research and analysis, fine scale habitat quality variation will be assessed and related to dolphin distribution and behavior. Greater sample sizes and multiple years of data will allow stronger statistical power and elucidate inter-annual variation. Our preliminary findings do indicate, however, that our methodology will allow us to determine thresholds of water quality and identify critical habitats, bottom types, and prey densities necessary to support a healthy habitat for bottlenose dolphins. 

Significance of Project 

The intensive pressures of human development are changing the structure and function of coastal systems worldwide. The adverse effects of development on coastal dolphin populations are likely mediated through changes in habitat quality and quantity and the diminution of fish communities. Therefore, in addition to improving our understanding of the upper trophic levels of the Florida Bay ecosystem and the potential impacts of the CERP, our research will have direct application to the management and conservation of dolphins throughout coastal waters. 

Through this research, we are linking variation in water quality, habitat type, prey density, and the distribution and behavior of bottlenose dolphins. These results will help managers worldwide who are concerned about the impacts of coastal habitat degradation on bottlenose dolphin populations. Therefore, to help minimize deleterious impacts, we intend to communicate and disseminate our findings to a wide network of stakeholders and managers through conferences, papers and the Internet. We presented results from our 2002 summer field season at the Joint Conference on the Science and Restoration of the Greater Everglades and Florida Bay Ecosystem between April 13 and 18, 2003. 

On a regional, national and worldwide level, managers will be able to consider our results as it applies to their local coastal communities attempting to maintain healthy coastal habitats, fish, and dolphin populations in the wake of development. Additionally, since our work is replicable, scientists can implement and adapt our methodology to other systems allowing comparable research on dolphin habitat use and distribution ecology in different ecosystems. 

On a local level, this research will assess ecosystem health and fluctuations within the upper trophic levels of Florida Bay, which has specific application to the restoration efforts in South Florida. Managers of the Florida Bay ecosystem can apply results from our study in a straightforward manner. Any habitat parameters (i.e. salinity, bottom type, zone) found to be critical to the health and survivorship of the upper trophic levels within Florida Bay can be protected and managed to prevent degradation. Additionally, habitats identified as unhealthy can be designated as areas in need of more focused restoration effort. In other words, this research will allow Florida Bay managers to concentrate restoration efforts on communities in need while simultaneously protecting habitats supporting a healthy ecosystem. 

In summation, this research project will characterize the habitat use and distribution ecology of bottlenose dolphins in Florida Bay to better understand how human intrusion affects these federally protected animals on a worldwide, national, and local level. 

Appendix A.

	Dominant Fish Species Caught in Florida Bay

	Fish (Common Name)
	Scientific Name / Family
	Caught in Trawl? 
	Caught in Gillnet? 
	Dolphin Prey?*

	Barracuda
	Sphyraena barracuda
	Yes
	No
	No

	Grunts
	Top of Form

Family Haemulon 
	Yes
	No
	Yes

	Gafftop Catfish
	Bagre marinus
	Yes
	Yes
	Yes

	Grass Porgy
	Calamus arctifrons             
	Yes
	No
	Yes

	Gray Snapper
	Lutjanus griseus
	Yes
	No
	No

	Flounder
	Bothidae or Pleuronectidae
	Yes
	No
	Yes

	Hogfish
	Lachnolaimus maximus
	Yes
	Yes
	No

	Inshore Lizardfish
	Synodus foetens 
	Yes
	No
	Yes

	Lane Snapper
	Lutjanus synagris
	Yes
	No
	Yes

	Mangrove Snapper
	Lutjanus analis
	Yes
	Yes
	Yes

	Mojarra
	Family Gerreidae
	Yes
	Yes
	Yes

	Silver Perch
	Bidyanus bidyanus
	Yes
	No
	Yes

	Pigfish
	Orthopristis chrysoptera       
	Yes
	No
	Yes

	Pinfish
	Lagodon rhomboides             
	Yes
	Yes
	Yes

	Schoolmaster Snapper
	Lutjanus apodus                
	Yes
	No
	Yes

	Spotted Seatrout
	Cynoscion nebulosus
	Yes
	Yes
	Yes

	Filefish
	Family Monacanthus
	Yes
	No
	No

	Toadfish
	Family Tetraodontidae 
	Yes
	No
	Yes

	Killifish
	Family Aphyosemion
	Yes
	No
	No

	Inland silverside
	Menidia beryllina
	Yes
	No
	No

	Scrawled Cowfish
	Lactophrys quadricornis 
	Yes
	No
	No

	Puffer fish
	Family Tetraodontidae 
	Yes
	No
	Yes

	Stripped Burrfish
	Chilomycterus schoepfi         
	Yes
	No
	No

	Blue Runner
	Caranx crysos
	No
	Yes
	Yes

	Jack Crevalle
	Caranx hippos
	No
	Yes
	Yes

	Ladyfish
	Elops saurus
	No
	Yes
	Yes

	Spanish Mackeral
	Scomberomorus maculatus
	No
	Yes
	No

	Shad
	Alosa sapidissima
	No
	Yes
	Yes

	Mullet
	Family Mugil             
	No
	Yes
	Yes

	Blacktip reef shark
	Carcharhinus limbatus
	No
	Yes
	No

	Parrot Fish
	Family Scaridea
	Yes
	No
	Yes

	Pipefish and Seahorse
	Family Syngnathidae
	Yes
	No
	No


* Due to the lack of data on the diet of bottlenose dolphins in Florida Bay, we assume that their prey species are similar to those documented in similar areas (Nelio Barros, Mote Marine Laboratory, pers. comm.). 
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