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increased the proportion of visitors who complied with park regulations (Park et al. 

2008). Signage regarding avoiding feeding wild animals has also proven effective in 

reinforcing the problems it may cause, as well as influencing visitor’s decisions not to 

feed the wildlife (Mallick and Driessen 2003). As such, informational displays may aid 

in local conservation efforts.  

Galveston is a popular tourist destination, and the waterfront areas provide ample 

opportunities to view dolphins from docks, ferries, and jetties. Installing signage in these 

locations can help spark interest in the wildlife native to Galveston, while encouraging 

compliance with laws and regulations. Currently, there is one poster outside the 

Galveston ferry office, and a small poster inside some of the ferry vessel cabins, 

provided by the TMMSN. While the poster provides some valuable information 

regarding very basic cetacean anatomy and stranding response, it is small, colorless, and 

not prominently displayed. Because the animals are so easily viewed from the ferry and 

the ferry is a much safer alternative for viewing the animals than aboard a boat, working 

with TxDOT and TMMSN to produce more prominent signage may draw more tourists 

to view the dolphins from the ferry. More obvious, colorful signs with additional 

information about behavior, biology, times when animals are most active and in which 

areas, and marine mammal laws  can serve to increase eco-tourism while promoting safe 

cetacean watching from the ferry or shore based platforms. Larger posters could be 

mounted inside the ferry cabins, providing maps of the most frequent sighting areas and 

links to the TMMSN’s cetacean identification and stranding response smartphone 
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applications.  Potential funding for this effort could come from TxDOT or granting 

agencies such as Texas Sea Grant’s outreach and education program. 

 Seawolf Park on Pelican Island is another location where animals were 

frequently sighted close to shore. The park currently provides tours of decommissioned 

warships, and is also a popular location for fishing and picnicking. If Seawolf Park’s 

staff is open to adding an environmental education component, TAMUG student 

volunteers could act as interpreters during the tourist season. This location would also be 

ideal for distributing pamphlets about dolphin biology, behavior, and laws for observing 

animals safely. Providing signs and displays may also increase tourist traffic to the park. 

Additionally, offering information about protecting the oceans may spark interest in 

conservation. 

While laws provide protection for marine mammals, educating the public is 

critical to ensuring compliance with laws. Conversations aboard the Galveston-Port 

Bolivar ferry indicated that many people were not aware that there is a common 

bottlenose dolphin population in Galveston Bay, but on seeing the animals, were 

interested in learning more. The proximity of the animals to a popular tourist destination 

offers an opportunity for TAMUG students, faculty, and staff to engage the local 

community to spark interest in conserving the marine environment. By targeting local 

residents through workshops, students through educational outreach programs, and 

tourists by providing information at popular destinations, Galveston may also experience 

an economic boost sparked by interest in these animals. Coupling educational efforts 
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with awareness of laws and improved enforcement can allow the public to appreciate 

these animals in their natural habitat while protecting them from anthropogenic threats. 
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4. GENERAL CONCLUSIONS 

 

“In the end we will conserve only what we love. We will love only what we understand. 

We will understand only what we are taught.” –Baba Dioum, Environmentalist 

  

Cetaceans are charismatic animals, and watching them in their natural habitat is 

an activity already enjoyed and appreciated by many. Recognizing the importance of 

protection through laws, effective management, and outreach education is the best means 

to protect the cetacean population in Galveston Bay, while also using bottlenose 

dolphins as ambassadors for the environment. Teaching tourists and residents about the 

importance of conservation provides a unique opportunity to use a thriving resident 

population as a means of creating an environmentally conscious community, motivated 

by protecting resident cetaceans. 

The implementation of the recommendations contained herein, however, will 

undoubtedly be a time consuming, expensive process, and one which must be carefully 

executed to avoid doing more harm than good. For example, encouraging tourists and 

the community to enjoy the resident common bottlenose dolphin population too quickly, 

before being properly educated about how to safely observe the animals, could have the 

potentially disastrous consequence of major population disruption. In order to avoid 

these undesirable effects insofar as possible, implementation of the recommendations 

must include:  education of local law enforcement officers; development and 

implementation of a specific management plan for the City of Galveston; establishment 
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of a coordinated educational outreach plan; and state-level promulgation of marine 

conservation law.  

The cetacean population in Galveston is deserving of further research: 

Behavioral variations beyond those contained in this study are likely to emerge with 

further observation. Evaluating the impacts of anthropogenic activity on this population 

and in similar high activity areas may improve conservation and management efforts. 

Common bottlenose dolphins are highly charismatic animals, and are appreciated by 

many people, even those whose main focus is not on the marine environment. 

Encouraging the community of Galveston and other areas where inshore populations of 

dolphins are present could serve to instill a passion for marine conservation. Using these 

animals as ambassadors for the marine environment, if done in such a way so as to 

promote observation of these animals safely and respectfully, would provide benefits not 

only for these populations, but the marine ecosystem itself.  

  



89 

 

REFERENCES 

 

Adams, C. M., E. Hernandez, and J. C. Cato. 2004. The economic significance of the 

Gulf of Mexico related to population, income, employment, minerals, fisheries 

and shipping. Ocean & Coastal Management 47:565-580. 

Allen, M. C., A. J. Read, J. Gaudet, and L. S. Sayigh. 2001. Fine-scale habitat selection 

of foraging bottlenose dolphins Tursiops truncatus near Clearwater, Florida. 

Marine Ecology Progress Series 222:253-264. 

Ambec, S., and P. Lanoie. 2008. Does it pay to be green? A systematic overview. The 

Academy of Management Perspectives 22:45-62. 

Arcangeli, A., R. Crosti, and A. del Leviatano. 2009. The short-term impact of dolphin-

watching on the behaviour of bottlenose dolphins (Tursiops truncatus) in 

Western Australia. Journal of Marine Animals and Their Ecology 2:3-9. 

Azzara, A. J. 2012. Impacts of vessel noise peturbations on the resident sperm whale 

population in the Gulf of Mexico. Doctoral dissertation. Texas A&M University, 

College Station, Texas. 

Baird, R. W., and S. M. Burkhart. 2000. Bias and variability in distance estimation on 

the water: implications for the management of whale watching IWC Meeting, 

Adelaide, Australia. 

Ballance, L. T. 1992. Habitat use patterns and ranges of the bottlenose dolphin the Gulf 

of California, Mexico. Marine Mammal Science 8:262-274. 

Bell, M. L., D. L. Davis, N. Gouveia, V. H. Borja-Aburto, and L. A. Cifuentes. 2006. 

The avoidable health effects of air pollution in three Latin American cities: 

Santiago, São Paulo, and Mexico City. Environmental Research 100:431-440. 

Benson, E. 2012. Endangered science: the regulation of research by the U.S. Marine 

Mammal Protection and Endangered Species Acts. Historical Studies in the 

Natural Sciences 42:30-61. 

Bignami, S., S. Sponaugle, and R. K. Cowen. 2013. Response to ocean acidification in 

larvae of a large tropical marine fish, Rachycentron canadum. Global Change 

Biology 19:996-1006. 

Block, B. A., I. D. Jonsen, S. J. Jorgensen, A. J. Winship, S. A. Shaffer, S. J. Bograd, E. 

L. Hazen, D. G. Foley, G. A. Breed, A. L. Harrison, J. E. Ganong, A. 

Swithenbank, M. Castleton, H. Dewar, B. R. Mate, G. L. Shillinger, K. M. 



90 

 

Schaefer, S. R. Benson, M. J. Weise, R. W. Henry, and D. P. Costa. 2011. 

Tracking apex marine predator movements in a dynamic ocean. Nature 475:86-

90. 

Boisseau, O. 2005. Quantifying the acoustic repertoire of a population: The 

vocalizations of free-ranging bottlenose dolphins in Fiordland, New Zealand. 

Journal of the Acoustical Society of America 117:2318-2329. 

Boness, D. J., P. J. Clapham, and S. L. Mesnick. 2002. Life History and Reproductive 

Strategies. Pages 278-324 in A. R. Hoelzel, editor. Marine Mammal Biology: An 

Evolutionary Approach. Blackwell Publishing, Malden, MA. 

Bowen, W. D., and D. B. Siniff. 1999. Distribution, Population Biology, and Feeding 

Ecology of Marine Mammals. Pages 423-484 in J. E. Reynolds III and S. A. 

Rommel, editors. Biology of Marine Mammals. Smithsonian Institution Press, 

Washington, DC. 

Boyd, I. L., C. Lockyer, and H. D. Marsh. 1999. Reproduction in Marine Mammals. 

Pages 218-286 in J. E. Reynolds III and S. A. Rommel, editors. Biology of 

Marine Mammals. Smithsonian Institution Press, Washington, DC. 

Bräger, S., B. Würsig, A. Acevedo, and T. Henningsen. 1994. Association Patterns of 

Bottlenose Dolphins (Tursiops truncatus) in Galveston Bay, Texas. Journal of 

Mammalogy 75:431-437. 

Briggs, S. L. K. 2012. ISO 14001 Revision is underway.in International Organization for 

Standardization, editor. ISO News, ISO Website. 

Camhi, M. D., S. V. Fordham, and S. L. Fowler. 2009. Domestic and International 

Management for Pelagic Sharks. Pages 418-444 in M. D. Camhi, E. K. Pikitch, 

and E. A. Babcock, editors. Sharks of the Open Ocean. Blackwell Publishing 

Ltd., Oxford, UK. 

Caron, D. D. 1995. The International Whaling Commission & The North Atlantic 

Marine Mammal Commission: The Institutional Risks of Coercion for 

Consensual Structures. American Journal of international law 89:154-174. 

Clemens, B., and T. J. Douglas. 2006. Does coercion drive firms to adopt ‘voluntary’ 

green initiatives? Relationships among coercion, superior firm resources, and 

voluntary green initiatives. Journal of Business Research 59:483-491. 

Cohen, G., and K. McNaught. 2012. ORCA onboard to protect your seas in DFDS 

Seaways, editor. About Us, Environmental Message. United Kingdom. 



91 

 

Constantine, R., D. H. Brunton, and T. Dennis. 2004. Dolphin-watching tour boats 

change bottlenose dolphin (Tursiops truncatus) behaviour. Biological 

Conservation 117:299-307. 

Cotterrell, L. A., and T. S. Gray. 1998. Sustainable development and the international 

whaling commission's moratorium on commercial whaling. Philosophy & 

Geography 1:183-195. 

Cunningham-Smith, P., D. E. Colbert, R. S. Wells, and T. Speakman. 2006. Evaluation 

of human interactions with a provisioned wild bottlenose dolphin (Tursiops 

truncatus) near Sarasota Bay, Florida, and efforts to curtail the interactions. 

Aquatic Mammals 32:346-356. 

Davies, A. J., J. M. Roberts, and J. Hall-Spencer. 2007. Preserving deep-sea natural 

heritage: emerging issues in offshore conservation and management. Biological 

Conservation 138:299-312. 

Davis, R. W., and G. S. Fargion. 1995. Distribution and abundance of cetaceans in the 

north-central and western Gulf of Mexico: Final report, Texas Institute of 

Oceanography and the National Marine Fisheries Service. U.S. Dept. of the 

Interior, Minerals Mgmt. Service, Gulf of Mexico OCS Region, New Orleans, 

LA. 

Derraik, J. G. B. 2002. The pollution of the marine environment by plastic debris: a 

review. Marine Pollution Bulletin 44:842-852. 

Duprey, N. M. T., J. S. Weir, and B. Würsig. 2008. Effectiveness of a voluntary code of 

conduct in reducing vessel traffic around dolphins. Ocean & Coastal 

Management 51:632-637. 

Fernandez, S., and A. A. Hohn. 1998. Age, growth, and calving season of bottlenose 

dolphins, Tursiops truncatus, off coastal Texas. Fishery Bulletin 96:357-365. 

Fertl, D. 1994. Occurence patterns and behavior of bottle-nosed dolphins (Tursiops 

truncatus) in the Galveston ship channel, Texas. The Texas journal of science 

46:299-317. 

Fertl, D., and S. Leatherwood. 1997. Cetacean interactions with trawls: a preliminary 

review. Journal of Northwest Atlantic Fishery Science 22:219-248. 

Finneran, J. J., and C. E. Schlundt. 2010. Frequency-dependent and longitudinal changes 

in noise-induced hearing loss in a bottlenose dolphin (Tursiops truncatus). 

Journal of the Acoustical Society of America 128:567-570. 



92 

 

Fish, F. E., and C. A. Hui. 1991. Dolphin swimming – a review. Mammal Review 

21:181-195. 

Fluharty, D. 2000. Habitat Protection, Ecological issues, and implementation of the 

Sustainable Fisheries Act. Ecological Applications 10:325-337. 

Fulling, G. L., K. D. Mullin, and C. W. Hubard. 2003. Abundance and distribution of 

cetaceans in outer continental shelf waters of the U.S. Gulf of Mexico. Fishery 

Bulletin 101:923-932. 

Goss, J. 2013. Determining motivations behind business involvement in the Dolphin 

SMART program. M.S. Thesis. Duke University, Durham, NC. 

Gulbrandsen, L. H. 2005. Mark of sustainability? Challenges for fishery and forestry 

eco-labeling. Environment: Science and Policy for Sustainable Development 

47:8-23. 

Gulbrandsen, L. H. 2009. The emergence and effectiveness of the Marine Stewardship 

Council. Marine Policy 33:654-660. 

Hall, M. A. 1998. An ecological view of the tuna-dolphin problem: impacts and trade-

offs. Reviews in Fish Biology and Fisheries 8:1-34. 

Harrison, R., and M. Trevino. 2013. Evaluating the impacts of the Panama Canal 

expansion on Texas Gulf ports, research report SWUTC/13/476660-00062-1. 

Center for Transportation Research. 

Hart, S. L., and G. Ahuja. 1996. Does it pay to be green? An empirical examination of 

the relationship between emission reduction and firm performance. Business 

strategy and the Environment 5:30-37. 

Hastie, G. D., B. Wilson, L. H. Tufft, and P. M. Thompson. 2003. Bottlenose dolphins 

increase breathing synchrony in response to boat traffic. Marine Mammal 

Science 19:74-084. 

Higham, J. E. S., and E. J. Shelton. 2011. Tourism and wildlife habituation: Reduced 

population fitness or cessation of impact? Tourism Management 32:1290-1298. 

Hoelzel, A. R., C. W. Potter, and P. B. Best. 1998. Genetic differentiation between 

parapatric 'nearshore' and 'offshore' populations of the bottlenose dolphin. 

Proceedings: Biological Sciences 265:1177-1183. 

Hohn, A. A., M. D. Scott, R. S. Wells, J. C. Sweeney, and A. B. Irvine. 1989. Growth 

layers in teeth from known-age, free-ranging bottlenose dolphins. Marine 

Mammal Science 5:315-342. 



93 

 

Howard, C., and E. C. M. Parsons. 2006. Attitudes of Scottish city inhabitants to 

cetacean conservation. Biodiversity & Conservation 15:4335-4356. 

Irvine, A. B., M. D. Scott, R. S. Wells, and J. H. Kaufmann. 1981. Movements and 

activities of the Atlantic bottlenose dolphin, Tursiops truncatus, near Sarasota, 

Florida. Fishery Bulletin 79:671-688. 

Isakov, V., and H. Özkaynak. 2008. A modeling methodology to support evaluation of 

public health impacts on air pollution reduction programs. Pages 614-622 in C. 

Borrego and A. Miranda, editors. Air Pollution Modeling and Its Application 

XIX. Springer Netherlands. 

Janik, V. M. 2000. Food-related bray calls in wild bottlenose dolphins (Tursiops 

truncatus). Proceedings: Biological Sciences 267:923-927. 

Janik, V. M., and P. J. B. Slater. 1998. Context-specific use suggests that bottlenose 

dolphin signature whistles are cohesion calls. Animal behaviour 56:829-838. 

Jefferson, T. A., S. Leatherwood, and M. A. Webber. 1994. Marine Mammals of the 

World. FAO Species Identification Guide. FAO, Rome, Italy. 

Knoff, A., A. Hohn, and S. Macko. 2008. Ontogenetic diet changes in bottlenose 

dolphins (Tursiops truncatus) reflected through stable isotopes. Marine Mammal 

Science 24:128-137. 

Körber, A. 1998. Why everybody loves Flipper: the political-economy of the U.S. 

dolphin-safe laws. European Journal of Political Economy 14:475-509. 

Kuffner, I. B., T. D. Hickey, and J. M. Morrison. 2013. Calcification rates of the massive 

coral Siderastrea siderea and crustose coralline algae along the Florida Keys 

(USA) outer-reef tract. Coral Reefs 32:987-997. 

Leatherwood, S. 1975. Some observations of feeding behavior of bottle-nosed dolphins 

(Tursiops truncatus) in the northern Gulf of Mexico and (Tursiops cf. T. gilli) off 

southern California, Baja California, and Nayarit, Mexico. Marine Fisheries 

Review 37:10-16. 

Leatherwood, S., and R. R. Reeves. 1989. The bottlenose dolphin. Academic Press, San 

Diego, CA. 

Lemon, M., T. P. Lynch, D. H. Cato, and R. G. Harcourt. 2006. Response of travelling 

bottlenose dolphins (Tursiops aduncus) to experimental approaches by a 

powerboat in Jervis Bay, New South Wales, Australia. Biological Conservation 

127:363-372. 



94 

 

Lück, M. 2003. Education on marine mammal tours as agent for conservation — but do 

tourists want to be educated? Ocean & Coastal Management 46:943-956. 

Lunney, D., A. Munn, and W. Meikle. 2008. Contentious issues in human-wildlife 

encounters: seeking solutions in a changing social context. 

Mallick, S. A., and M. M. Driessen. 2003. Feeding of wildlife: How effective are the 

‘Keep Wildlife Wild’ signs in Tasmania's National Parks? Ecological 

Management & Restoration 4:199-204. 

Mallini, W. P. 2001. Welcome to the Galveston ferry operation. Pages 24-27.  26th 

Annual Summer Ports, Waterways, Freight, & International Trade Conference, 

Galveston, Texas. 

Mann, J. 1999. Behavioral sampling methods for cetaceans: a review and critique. 

Marine Mammal Science 15:102-122. 

Mann, J., R. C. Connor, L. M. Barre, and M. R. Heithaus. 2000. Female reproductive 

success in bottlenose dolphins (Tursiops sp.): life history, habitat, provisioning, 

and group-size effects. Behavioral Ecology 11:210-219. 

Manning, R. 2003. Emerging principles for using information/education in wilderness 

management. International Journal of Wilderness 9:20-27. 

Mate, B. R., K. A. Rossbach, S. L. Nieukirk, R. S. Wells, A. Blair Irvine, M. D. Scott, 

and A. J. Read. 1995. Satellite-Monitored Movements and Dive Behavior of a 

Bottlenose Dolphin (Tursiops truncatus) in Tampa Bay, Florida. Marine 

Mammal Science 11:452-463. 

Mattson, M. C., J. A. Thomas, and D. S. Aubin. 2005. Effects of boat activity on the 

behavior of bottlenose dolphins (Tursiops truncatus) in waters surrounding 

Hilton Head Island, South Carolina. Aquatic Mammals 31:133-140. 

Merrick, J. R. W., and J. R. Harrald. 2007. Making decisions about safety in US ports 

and waterways. Interfaces 37:240-252. 

Miller, C. E., and D. M. Baltz. 2010. Environmental characterization of seasonal trends 

and foraging habitat of bottlenose dolphins (Tursiops truncatus) in northern Gulf 

of Mexico bays. Fishery Bulletin 108:79-86. 

Miller, L. J., M. Solangi, and S. A. Kuczaj. 2008. Immediate response of Atlantic 

bottlenose dolphins to high-speed personal watercraft in the Mississippi Sound. 

Journal of the Marine Biological Association of the United Kingdom 88:1139-

1143. 



95 

 

Minton, G., A. N. Z. Poh, J. Ngeian, C. Peter, and A. A. Tuen. 2012. Four simple 

questions: evaluating the effectiveness of half-day community workshops 

designed to increase awareness of coastal cetacean conservation issues in 

Sarawak, Malaysia. Applied Environmental Education & Communication 11:99-

107. 

Morrow, D., and D. Rondinelli. 2002. Adopting corporate environmental management 

systems: motivations and results of ISO 14001 and EMAS Certification. 

European Management Journal 20:159-171. 

Nakahara, F., and N. Miyazaki. 2011. Vocal exchanges of signature whistles in 

bottlenose dolphins (Tursiops truncatus). Journal of Ethology 29:309-320. 

Natoli, A., V. M. Peddemors, and A. R. Hoelzel. 2004. Population structure and 

speciation in the genus Tursiops based on microsatellite and mitochondrial DNA 

analyses. Journal Of Evolutionary Biology 17:363-375. 

NOAA. 2011. National Observer Program FY 2011 Annual Report. U.S. Department of 

Commerce. Silver Spring, MD. 

NOAA Fisheries. 2012. Dolphin SMART bsinesses protect dolphins. NOAA Fisheries 

Home Feature Stories 2012. Silver Spring, MD.  

NOAA Fisheries Office of Law Enforcement. Frequently asked questions. Office of Law 

Enforcement, NOAA Fisheries. Silver Spring, MD. 

NOAA Fisheries Office of Protected Resources. 2012. Southeast Region marine 

mammal & sea turtle viewing guidelines. Silver Spring, MD. 

Noren, S., G. Biedenbach, and E. Edwards. 2006. Ontogeny of swim performance and 

mechanics in bottlenose dolphins (Tursiops truncatus). Journal of Experimental 

Biology 209:4724-4731. 

Nowacek, D. P., L. H. Thorne, D. W. Johnston, and P. L. Tyack. 2007. Responses of 

cetaceans to anthropogenic noise. Mammal Review 37:81-115. 

Nowacek, S. M., R. S. Wells, and A. R. Solow. 2001. Short-term effects of boat traffic 

on bottlenose dolphins, Tursiops truncatus, in Sarasota Bay, Florida. Marine 

Mammal Science 17:673-688. 

Orams, M. B. 1997. The effectiveness of environmental education: can we turn tourists 

into 'Greenies'? Progress in tourism and hospitality research 3:295-306. 

Orams, M. B. 2000. Tourists getting close to whales, is it what whale-watching is all 

about? Tourism Management 21:561-569. 



96 

 

Orams, M. B., and G. J. E. Hill. 1998. Controlling the ecotourist in a wild dolphin 

feeding program: is education the answer? The Journal of Environmental 

Education 29:33-38. 

Park, L. O., R. E. Manning, J. L. Marion, S. R. Lawson, and C. Jacobi. 2008. Managing 

visitor impacts in parks: a multi-method study of the effectiveness of alternative 

management practices. Journal of Park & Recreation Administration 26. 

Parsons, E. C. M., J. P. Rice, and L. Sadeghi. 2010. Awareness of whale conservation 

status and whaling policy in the US -- a preliminary study on American youth. 

Anthrozoos 23:119-127. 

Petursson, P. 2013. Changes to ISO 14001: Effects on companies. M.S. Thesis. Lund 

University, Lund, Sweden. 

Pindyck, R. S. 2000. Irreversibilities and the timing of environmental policy. Resource 

and Energy Economics 22:233-259. 

Punt, A. E., and G. P. Donovan. 2007. Developing management procedures that are 

robust to uncertainty: lessons from the International Whaling Commission. ICES 

Journal of Marine Science: Journal du Conseil 64:603-612. 

Quérouil, S., M. Silva, L. Freitas, R. Prieto, S. Magalhães, A. Dinis, F. Alves, J. Matos, 

D. Mendonça, P. Hammond, and R. Santos. 2007. High gene flow in oceanic 

bottlenose dolphins (Tursiops truncatus) of the North Atlantic. Conservation 

Genetics 8:1405-1419. 

Rabl, A., and J. V. Spadaro. 2000. Public health impact of air pollution and implications 

for the energy system. Annual review of Energy and the Environment 25:601-

627. 

Ray, G. C., and J. F. M. Potter. 2011. The making of the Marine Mammal Protection Act 

of 1972. Aquatic Mammals 37:522-552. 

Raymakers, C. 2006. CITES, the Convention on International Trade in Endangered 

Species of Wild Fauna and Flora: its role in the conservation of 

Acipenseriformes. Journal of Applied Ichthyology 22:53-65. 

Richardson, W. J., and B. Würsig. 1997. Influences of man-made noise and other human 

actions on cetacean behaviour. Marine and Freshwater Behaviour and Physiology 

29:183-209. 

Roman, J., I. Roman, M. Altman, C. Dunphy Daly, M. Campbell, and A. Jasny. 2013. 

The Marine Mammal Protection Act at 40: status, recovery, and future of U.S. 

marine mammals. Annals of the New York Academy of Sciences 12861:29-49. 



97 

 

Romano, T. A., M. J. Keogh, C. Kelly, P. Feng, L. Berk, C. E. Schlundt, D. A. Carder, 

and J. J. Finneran. 2004. Anthropogenic sound and marine mammal health: 

measures of the nervous and immune systems before and after intense sound 

exposure. Canadian Journal of Fisheries and Aquatic Sciences 61:1124-1134. 

Rondinelli, D., and G. Vastag. 2000. Panacea, common sense, or just a label? The value 

of ISO 14001 environmental management systems. European Management 

Journal 18:499-510. 

Rosel, P. E., L. Hansen, and A. A. Hohn. 2009. Restricted dispersal in a continuously 

distributed marine species: common bottlenose dolphins Tursiops truncatus in 

coastal waters of the western North Atlantic. Molecular Ecology 18:5030-5045. 

Ross, D. 2005. Ship sources of ambient noise. IEEE Journal of Oceanic Engineering 

30:257-261. 

Sayigh, L. S., H. C. Esch, R. S. Wells, and V. M. Janik. 2007. Facts about signature 

whistles of bottlenose dolphins, Tursiops truncatus. Animal behaviour 74:1631-

1642. 

Schrope, M. 2010. What's the catch? Nature 465:540-542. 

Sellas, A. B., R. S. Wells, and P. E. Rosel. 2005. Mitochondrial and nuclear DNA 

analyses reveal fine scale geographic structure in bottlenose dolphins (Tursiops 

truncatus) in the Gulf of Mexico. Conservation Genetics 6:715-728. 

Shane, S. H., R. S. Wells, and B. Würsig. 1986. Ecology, behavior, and social 

organization of the bottlenose dolphin: a review. Marine Mammal Science 2:34-

63. 

Smith, M. J., H. Benítez-Díaz, M. Á. Clemente-Muñoz, J. Donaldson, J. M. Hutton, H. 

Noel McGough, R. A. Medellin, D. H. W. Morgan, C. O’Criodain, T. E. E. 

Oldfield, U. Schippmann, and R. J. Williams. 2011. Assessing the impacts of 

international trade on CITES-listed species: current practices and opportunities 

for scientific research. Biological Conservation 144:82-91. 

Smolker, R. A., A. F. Richards, R. C. Connor, and J. W. Pepper. 1992. Sex differences 

in patterns of association among Indian Ocean bottlenose dolphins. Behaviour 

123:38-69. 

Spalding, M., and J. Blumenfeld. 1997. Legal aspects of whale watching in North 

America. Reporte Publicado para el Encuentro, Legal Aspects of Whale 

Watching, Punta Arenas, Chile. 



98 

 

Spradlin, T. R., J. K. Drevenak, A. D. Terbush, and E. T. Nitta. 1999. Interactions 

between the public and wild dolphins in the United States: Biological Concerns 

and the Marine Mammal Protection Act in 13th Biennial Conference on the 

Biology of Marine Mammals, Wailea, Hawaii. 

Steichen, J. L., R. Windham, R. Brinkmeyer, and A. Quigg. 2012. Ecosystem under 

pressure: ballast water discharge into Galveston Bay, Texas (USA) from 2005 to 

2010. Marine Pollution Bulletin 64:779-789. 

Strachan, P. A. 1999. Is the Eco-Management and Audit Scheme (EMAS) regulation an 

effective strategic marketing tool for implementing industrial organisations? Eco-

Management and Auditing 6:42-51. 

Tarpley, R., and S. Marwitz. 1993. Plastic debris ingestion by cetaceans along the Texas 

coast: two case reports. Aquatic Mammals 19:93-98. 

Teisl, M. F., B. Roe, and R. L. Hicks. 2002. Can eco-labels tune a market? Evidence 

from Dolphin-Safe Labeling. Journal of Environmental Economics and 

Management 43:339-359. 

The Whale Trail. 2011. Mission and Goals. About. in  NOAA Fisheries, Washington 

Dept of Fish and Wildlife (WDFW), People For Puget Sound, Seattle Aquarium, 

Olympic Coast National Marine Sanctuary, and the Whale Museum, editors. 

Washington, U.S. 

Urian, K. W., D. A. Duffield, A. J. Read, R. S. Wells, and E. D. Shell. 1996. Seasonality 

of reproduction in bottlenose dolphins, Tursiops truncatus. Journal of 

Mammalogy 77:394-403. 

US Census Bureau. 2002. Polluton abatement costs and expenditures: 1999. US Census 

Bureau, Washington, DC. 

Van Bressem, M.-F., J. Alfaro-Shigueto, K. Geysen, K. Ontón, D. Vega, L. Chávez-

Lisambart, and K. Van Waerebeek. 2006. Dolphins and children: a blueprint for 

marine environmental education in Peru. Applied Environmental Education & 

Communication 5:183-191. 

von Zharen, W. M. 1998. Ocean ecosystem stewardship. William & Mary 

Environmental Law & Policy Review 23:1-108. 

von Zharen, W. M. 1999. An ecopolicy perspective for sustaining living marine species. 

Ocean Development & International Law 30:1-41. 

Weilgart, L. S. 2007. A brief review of known effects of noise on marine mammals. 

International Journal of Comparative Psychology 20:159-168. 



99 

 

Weir, C. R., and G. J. Pierce. 2013. A review of the human activities impacting 

cetaceans in the eastern tropical Atlantic. Mammal Review 43:258-274. 

Weisbrod, R. E., and C. T. Lawson. 2003. Ferry systems: planning for the revitalization 

of U.S. cities. Journal of Urban Technology 10:47-68. 

Weller, D. W. 1998. Global and regional variation in the biology and behavior of 

bottlenose dolphins. Ph.D. Texas A&M University, College Station, Texas. 

Wells, R. S., D. J. Boness, and G. B. Rathbun. 1999. Behavior. Pages 324-422 in J. E. 

Reynolds III and S. A. Rommel, editors. Biology of Marine Mammals. 

Smithsonian Institution Press, Washington, DC. 

Westervelt, A. 2009. How green is your city? ISO certification helps answer the 

question. Inside Climate News. 

Würsig, B., and M. Würsig. 1977. The photographic determination of group size, 

composition, and stability of coastal porpoises (Tursiops truncatus). Science 

198:755-756. 

Würsig, B., and M. Würsig. 1979. Behavior and ecology of the bottlenose dolphin 

(Tursiops truncatus) in the South Atlantic. Fishery Bulletin 77. 

Würsig, B. G., T. A. Jefferson, and D. J. Schmidly. 2000. Marine mammals of the Gulf 

of Mexico. Texas A&M University Press. 

 

  



100 

 

APPENDIX A: BEHAVIORAL ANALYSIS 

 

Zone: 

 

>rfd <- read.csv("RivardFerryData.csv") 

> table(rfd$Zone,rfd$Behavior) 

    

       F    R    S    T 

  B 3077 2833  860 2526 

  G 2004  454  104 1491 

  P 3478 1392 1001 5560 

> source("contingencyTableUtilities.R") 

> ppt(table(rfd$Zone,rfd$Behavior),"Zone","Behavior") 

                                          Behavior                              

                  F            R            S            T                          Total    

            ----------------------------------------------------------------- 

        B |           3077 |       2833 |               860 |       2526 |       9296 

Zone    |   3210.834 |   1755.286 |   737.1525 |   3592.728 |  

            |   5.578461 |   661.6972 |   20.47269 |   316.7254 |  

            ----------------------------------------------------------------- 

        G |         2004 |             454 |            104 |         1491 |       4053 

            |   1399.904 |   765.2941 |   321.3941 |   1566.408 |  

            |   260.6833 |   126.6232 |   147.0475 |    3.63016 |  

            ----------------------------------------------------------------- 

         P |         3478 |         1392 |           1001 |          5560 |      11431 

            |   3948.262 |    2158.42 |   906.4534 |   4417.865 |  

            |   56.01103 |   272.1434 |   9.861579 |   295.2723 |  

            ----------------------------------------------------------------- 

      Total |       8559 |       4679 |           1965 |            9577 |      24780 

> chisq.test(table(rfd$Zone,rfd$Behavior)) 

 

        Pearson's Chi-squared test 

 

data:  table(rfd$Zone, rfd$Behavior) 

X-squared = 2175.746, df = 6, p-value < 2.2e-16 

 

 

Distance to Shore:  

 

> table(rfd$DistShore,rfd$Behavior) 

    

       F    R    S    T 

  C 1229  385  203  787 
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  F 3016 1793  614 2700 

  I 2345 1384  468 1918 

  O 1473  969  648 3959 

  V  496  148   32  213 

> source("contingencyTableUtilities.R") 

> ppt(table(rfd$DistShore,rfd$Behavior),"Distance To Shore","Behavior") 

                                                            Behavior                                   

                                F              R              S              T            Total     

                         --------------------------------------------------------------------------- 

        Dist       C |         1229 |                385 |              203 |              787 |         2604 

        Shore       |     899.4203 |     491.6915 |     206.4915 |     1006.397 |  

                         |     120.7697 |     23.15086 |   0.05903753 |     47.82893 |  

                         --------------------------------------------------------------------------- 

                       F |          3016 |            1793 |              614 |            2700 |         8123 

                         |      2805.68 |     1533.798 |     644.1362 |     3139.385 |  

                         |     15.76601 |     43.80343 |     1.409935 |     61.49597 |  

                         --------------------------------------------------------------------------- 

                       I |           2345 |            1384 |              468 |             1918 |         6115 

                         |     2112.118 |     1154.644 |     484.9062 |     2363.332 |  

                         |     25.67755 |     45.55866 |     0.589431 |     83.91551 |  

                         --------------------------------------------------------------------------- 

                       O |          1473 |              969 |              648 |            3959 |         7049 

                         |     2434.721 |     1331.004 |     558.9703 |     2724.305 |  

                         |     379.8824 |     98.45702 |     14.18015 |     559.5821 |  

                         --------------------------------------------------------------------------- 

                       V |            496 |              148 |                32 |              213 |          889 

                         |     307.0602 |     167.8624 |     70.49576 |     343.5816 |  

                         |     116.2582 |     2.350235 |     21.02146 |     49.62886 |  

                         --------------------------------------------------------------------------- 

                   Total |         8559 |         4679 |              1965 |             9577 |        24780 

> chisq.test(table(rfd$DistShore,rfd$Behavior)) 

 

        Pearson's Chi-squared test 

 

data:  table(rfd$DistShore, rfd$Behavior) 

X-squared = 1711.385, df = 12, p-value < 2.2e-16 

 

 

Time Block:  

 

> table(rfd$TimeBlock,rfd$Behavior) 

    

       F    R    S    T 

  A 2771 1673  769 3745 
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  E 1984 1865  739 3152 

  M 3804 1141  457 2680 

> source("contingencyTableUtilities.R") 

> ppt(table(rfd$TimeBlock,rfd$Behavior),"Time Block","Behavior") 

                                                   Behavior                                

                         F             R             S             T           Total    

                  ---------------------------------------------------------------------- 

Time      A |         2771 |            1673 |              769 |           3745 |        8958 

Block        |    3094.089 |    1691.464 |    710.3499 |    3462.097 |  

                  |    33.73737 |   0.2015564 |    4.842454 |    23.11722 |  

                  ---------------------------------------------------------------------- 

                E |         1984 |            1865 |             739 |           3152 |        7740 

                  |    2673.392 |    1461.479 |    613.7651 |    2991.363 |  

                  |    177.7748 |    111.4137 |    25.55338 |    8.626229 |  

                  ---------------------------------------------------------------------- 

                M |         3804 |          1141 |             457 |          2680 |        8082 

                  |    2791.519 |    1526.056 |     640.885 |     3123.54 |  

                  |    367.2259 |     97.1579 |    52.76093 |    62.98222 |  

                  ---------------------------------------------------------------------- 

            Total |        8559 |        4679 |            1965 |            9577 |       24780 

> chisq.test(table(rfd$TimeBlock,rfd$Behavior)) 

 

        Pearson's Chi-squared test 

 

data:  table(rfd$TimeBlock, rfd$Behavior) 

X-squared = 965.3936, df = 6, p-value < 2.2e-16 
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APPENDIX B: GROUP SIZE ANALYSIS 

 

 

>rfd <- read.csv("RivardFerryData.csv") 

> gs.hurdle<-

hurdle(GroupSize~TimeBlock+Zone+Behavior+DistShore+VesScore|1,data=rfd.nb,dist

="negbin") 

> AICc(gs.hurdle.p,gs.hurdle)   

            df     AICc 

gs.hurdle.p 14 107689.7 

gs.hurdle   15 101401.5 

> summary(gs.hurdle) 

Call: 

hurdle(formula = GroupSize ~ TimeBlock + Zone + Behavior + DistShore +  

    VesScore | 1, data = rfd.nb, dist = "negbin") 

Pearson residuals: 

    Min      1Q  Median      3Q     Max  

-1.5645 -0.6403 -0.2789  0.3280 25.4874  

Count model coefficients (truncated negbin with log link): 

 

             Estimate Std. Error z value Pr(>|z|)     

(Intercept)  1.481094   0.022526  65.750  < 2e-16 *** 

TimeBlockE  -0.079426   0.012333  -6.440 1.19e-10 *** 

TimeBlockM  -0.195437   0.012730 -15.352  < 2e-16 *** 

ZoneG       -0.396132   0.017928 -22.096  < 2e-16 *** 

ZoneP       -0.031824   0.014838  -2.145   0.0320 *   

BehaviorR   -0.259278   0.015219 -17.037  < 2e-16 *** 

BehaviorS    0.132159   0.018401   7.182 6.86e-13 *** 

BehaviorT   -0.392573   0.012524 -31.346  < 2e-16 *** 

DistShoreF  -0.039784   0.018665  -2.131   0.0331 *   

DistShoreI  -0.074237   0.018836  -3.941 8.10e-05 *** 

DistShoreO  -0.151113   0.021293  -7.097 1.28e-12 *** 

DistShoreV  -0.192628   0.032099  -6.001 1.96e-09 *** 

VesScore     0.029119   0.002107  13.819  < 2e-16 *** 

Log(theta)   1.343422   0.024077  55.796  < 2e-16 *** 

Zero hurdle model coefficients (binomial with logit link): 

            Estimate Std. Error z value Pr(>|z|)     

(Intercept)    10.12       1.00   10.12   <2e-16 *** 

--- 

Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1  

Theta: count = 3.8321 

Number of iterations in BFGS optimization: 22  

Log-likelihood: -5.069e+04 on 15 Df  
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APPENDIX C: CALF PRESENCE ANALYSIS 

 

> # PAG by YN calf 

> table(rfd$Yncalf,rfd$Behavior) 

    

       F    R    S    T 

  0 5616 3913 1473 7478 

  1 2943  766  492 2099 

> source("contingencyTableUtilities.R") 

> ppt(table(rfd$Yncalf,rfd$Behavior),"Calves Present?","Behavior") 

                                                          Behavior                                   

                              F              R              S              T            Total     

                       --------------------------------------------------------------------------- 

Calves?       0 |         5616 |         3913 |         1473 |         7478 |        18480 

                       |     6382.983 |     3489.424 |     1465.424 |     7142.169 |  

                       |     92.16114 |     51.41733 |   0.03916948 |     15.79102 |  

                       --------------------------------------------------------------------------- 

                    1 |         2943 |          766 |          492 |         2099 |         6300 

                       |     2176.017 |     1189.576 |     499.5763 |     2434.831 |  

                       |     270.3393 |     150.8242 |    0.1148971 |     46.32032 |  

                       --------------------------------------------------------------------------- 

                 Total |         8559 |         4679 |         1965 |         9577 |        24780 

> chisq.test(table(rfd$Yncalf,rfd$Behavior)) 

 

        Pearson's Chi-squared test 

 

data:  table(rfd$Yncalf, rfd$Behavior) 

X-squared = 627.0074, df = 3, p-value < 2.2e-16 

 

>  

> # Dist. Shore by YN Calf 

> table(rfd$Yncalf,rfd$DistShore) 

    

       C    F    I    O    V 

  0 1898 6103 4252 5521  706 

  1  706 2020 1863 1528  183 

> source("contingencyTableUtilities.R") 

> ppt(table(rfd$Yncalf,rfd$DistShore),"Calves Present?","DistShore") 
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                               DistShore                                    

                             C            F            I            O            V          Total    

                       ------------------------------------------------------------------------------ 

Calves?       0 |       1898 |       6103 |       4252 |       5521 |        706 |      18480 

                       |   1941.966 |   6057.831 |   4560.339 |   5256.881 |   662.9831 |  

                       |  0.9953923 |  0.3368009 |   20.84778 |   13.26997 |   2.791109 |  

                       ------------------------------------------------------------------------------ 

                    1 |        706 |       2020 |       1863 |       1528 |        183 |       6300 

                       |   662.0339 |   2065.169 |   1554.661 |   1792.119 |   226.0169 |  

                       |   2.919817 |  0.9879494 |   61.15348 |   38.92525 |   8.187253 |  

                       ------------------------------------------------------------------------------ 

                 Total |       2604 |       8123 |       6115 |       7049 |        889 |      24780 

> chisq.test(table(rfd$Yncalf,rfd$DistShore)) 

 

        Pearson's Chi-squared test 

 

data:  table(rfd$Yncalf, rfd$DistShore) 

X-squared = 150.4148, df = 4, p-value < 2.2e-16 

 

>  

> # Zone by YN Calf 

> table(rfd$Yncalf,rfd$Zone) 

    

       B    G    P 

  0 6915 3084 8481 

  1 2381  969 2950 

> source("contingencyTableUtilities.R") 

> ppt(table(rfd$Yncalf,rfd$Zone),"Calves Present?","Zone") 

                                                 Zone                         

                             B            G            P          Total    

                       ---------------------------------------------------- 

Calves ?      0 |       6915 |       3084 |       8481 |      18480 

                       |    6932.61 |   3022.576 |   8524.814 |  

                       | 0.04473323 |   1.248231 |  0.2251812 |  

                       ---------------------------------------------------- 

                    1 |       2381 |        969 |       2950 |       6300 

                       |    2363.39 |   1030.424 |   2906.186 |  

                       |  0.1312175 |   3.661479 |  0.6605316 |  

                       ---------------------------------------------------- 

                 Total |       9296 |       4053 |      11431 |      24780 

> chisq.test(table(rfd$Yncalf,rfd$Zone)) 

 

        Pearson's Chi-squared test 
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data:  table(rfd$Yncalf, rfd$Zone) 

X-squared = 5.9714, df = 2, p-value = 0.0505 

 

>  

> # Time by YN Calf 

> table(rfd$Yncalf,rfd$TimeBlock) 

    

       A    E    M 

  0 6409 5711 6360 

  1 2549 2029 1722 

> source("contingencyTableUtilities.R") 

> ppt(table(rfd$Yncalf,rfd$TimeBlock),"Calves Present?","Time Block") 

                                              Time Block                      

                             A            E            M          Total    

                       ---------------------------------------------------- 

Calves ?      0 |       6409 |       5711 |       6360 |      18480 

                       |   6680.542 |   5772.203 |   6027.254 |  

                       |   11.03732 |  0.6489471 |   18.36985 |  

                       ---------------------------------------------------- 

                    1 |       2549 |       2029 |       1722 |       6300 

                       |   2277.458 |   1967.797 |   2054.746 |  

                       |   32.37613 |   1.903578 |   53.88489 |  

                       ---------------------------------------------------- 

                 Total |       8958 |       7740 |       8082 |      24780 

> chisq.test(table(rfd$Yncalf,rfd$TimeBlock)) 

 

        Pearson's Chi-squared test 

 

data:  table(rfd$Yncalf, rfd$TimeBlock) 

X-squared = 118.2207, df = 2, p-value < 2.2e-16 
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APPENDIX D: VESSEL SCORE ANALYSIS 

 

 

>rfd <- read.csv("RivardFerryData.csv") 

> library(nlme) 

> source("tukeyToGraph.R")  #  For graphs 

> source("profilePlot.R") 

>  

> vs.gls<-gls(VesScore~Zone*TimeBlock,data=rfd) 

> anova(vs.gls,type="marginal") 

Denom. DF: 24771  

               numDF  F-value p-value 

(Intercept)        1 4806.641  <.0001 

Zone               2  852.302  <.0001 

TimeBlock          2    7.543   5e-04 

Zone:TimeBlock     4  102.965  <.0001 

>  

> table(rfd$Zone,rfd$TimeBlock) 

    

       A    E    M 

  B 3692 3318 2286 

  G 1305  658 2090 

  P 3961 3764 3706 

> qqnorm(resid(vs.gls)) 

>  

> rfd$Zone.TimeBlock<-paste(rfd$Zone,rfd$TimeBlock) 

 

Analysis of Variance Table 

 

Response: z 

             Df Sum Sq Mean Sq F value    Pr(>F)     

f             8   9024 1127.96  321.15 < 2.2e-16 *** 

Residuals 24771  87002    3.51                       

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

>  

>  

> par(mfrow=c(2,3)) 

> rfd$score.supp<-as.factor(paste(rfd$Zone,rfd$TimeBlock)) 

> for (l in levels(rfd$score.supp)) { 

+ qqnorm.with.sim.bounds(resid(vs.gls)[rfd$score.supp==l],sw=T,main=l) 

+ }  
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> # Post-hoc analysis 

> # Galveston 

> rfd.aov.G<-aov(VesScore~TimeBlock,data=rfd[rfd$Zone=="G",]) 

> anova(rfd.aov.G) 

Analysis of Variance Table 

 

Response: VesScore 

            Df Sum Sq Mean Sq F value    Pr(>F)     

TimeBlock    2   3657 1828.41  120.17 < 2.2e-16 *** 

Residuals 4050  61622   15.22                       

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> (tuk.G<-TukeyHSD(rfd.aov.G,conf.level=0.99)) 

  Tukey multiple comparisons of means 

    99% family-wise confidence level 

 

Fit: aov(formula = VesScore ~ TimeBlock, data = rfd[rfd$Zone == "G", ]) 

 

$TimeBlock 

         diff        lwr       upr    p adj 

E-A -2.099442 -2.6431219 -1.555762 0.00e+00 

M-A  0.603100  0.2019168  1.004283 3.58e-05 

M-E  2.702542  2.1942382  3.210846 0.00e+00 

 

> # Bolivar 

> rfd.aov.B<-aov(VesScore~TimeBlock,data=rfd[rfd$Zone=="B",]) 

> anova(rfd.aov.B) 

Analysis of Variance Table 

 

Response: VesScore 

            Df Sum Sq Mean Sq F value    Pr(>F)     

TimeBlock    2     97  48.438  13.306 1.696e-06 *** 

Residuals 9293  33830   3.640                       

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> (tuk.B<-TukeyHSD(rfd.aov.B,conf.level=0.99)) 

  Tukey multiple comparisons of means 

    99% family-wise confidence level 

 

Fit: aov(formula = VesScore ~ TimeBlock, data = rfd[rfd$Zone == "B", ]) 

 

$TimeBlock 

           diff          lwr         upr     p adj 

E-A -0.23466587 -0.367675124 -0.10165661 0.0000008 
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M-A -0.09173674 -0.239716014  0.05624254 0.1674283 

M-E  0.14292913 -0.008205736  0.29406399 0.0161609 

 

> # Passage 

> rfd.aov.P<-aov(VesScore~TimeBlock,data=rfd[rfd$Zone=="P",]) 

> anova(rfd.aov.P) 

Analysis of Variance Table 

 

Response: VesScore 

             Df Sum Sq Mean Sq F value    Pr(>F)     

TimeBlock     2    821  410.43  73.733 < 2.2e-16 *** 

Residuals 11428  63613    5.57                       

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

> (tuk.P<-TukeyHSD(rfd.aov.P,conf.level=0.99)) 

  Tukey multiple comparisons of means 

    99% family-wise confidence level 

 

Fit: aov(formula = VesScore ~ TimeBlock, data = rfd[rfd$Zone == "P", ]) 

 

$TimeBlock 

           diff        lwr        upr     p adj 

E-A -0.07807761 -0.2345767 0.07842146 0.3134463 

M-A  0.53033707  0.3732113 0.68746282 0.0000000 

M-E  0.60841468  0.4493138 0.76751554 0.0000000 

 


