

























































































































































































































































































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.
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APPENDIX A: BEHAVIORAL ANALYSIS

Zone:

>rfd <- read.csv("RivardFerryData.csv")
> table(rfd$Zone,rfd$Behavior)

FR ST
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)

FR ST
C 1229 385 203 787

100



F 3016 1793 614 2700
12345 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 ) 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 |
2345 | 1384 | 468 | 1918 | 6115
2112.118| 1154.644| 484.9062| 2363.332 |
25.67755| 45.55866| 0.589431| 83.91551 |
1473 | 969 | 648 | 3959 | 7049
2434.721 | 1331.004| 558.9703| 2724.305 |
379.8824 | 98.45702| 14.18015| 559.5821 |
496 | 148 | 32 | 213 | 889
307.0602 | 167.8624| 70.49576| 343.5816 |
116.2582| 2.350235| 21.02146| 49.62886 |
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)

FRST

A 27711673 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 |
> chisq.test(table(rfd$TimeBlock,rfd$Behavior))

24780

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")
> AlCc(gs.hurdle.p,gs.hurdle)
df AlCc
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*
DistShorel -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$Y ncalf,rfd$Behavior)

FR ST
05616 3913 1473 7478
12943 766 492 2099
> source("contingencyTableUtilities.R™)
> ppt(table(rfd$Y ncalf,rfd$Behavior),"Calves Present?","Behavior")
Behavior

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 FI1 OV
0 1898 6103 4252 5521 706
1 706 2020 1863 1528 183
> source("contingencyTableUtilities.R")
> ppt(table(rfd$Y ncalf,rfd$DistShore),"Calves Present?","DistShore™)
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DistShore
C F I 0] \% 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$Y ncalf,rfd$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
12381 969 2950
> source(""contingencyTableUtilities.R")
> ppt(table(rfd$Yncalf,rfd$Zone),"Calves Present?","Zone")
Zone

Calves? 0| 6915| 3084| 8481| 18480
| 6932.61| 3022.576| 8524.814 |
|0.04473323 | 1.248231| 0.2251812 |
2381| 969| 2950| 6300
2363.39 | 1030.424 | 2906.186 |
0.1312175| 3.661479| 0.6605316 |
Total| 9296| 4053| 11431| 24780
> chisg.test(table(rfd$Yncalf,rfd$Zone))

1

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
12549 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$Y ncalf,rfd$ 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
> ggnorm(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 (1 in levels(rfd$score.supp)) {

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

+}
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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 Iwr  upr padj
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 Iwr upr padj
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 Sg 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 Iwr upr padj
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
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