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Figure 10. Distribution for 2005-2015 encounters by behavior (Google Maps 2016)
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The distribution map for only behaviorally-classified encounters is compared side
by with Petersen’s corresponding map in Figure 11. Thirty-three sightings were used to
create the map. Petersen’s map also had most of the sightings occur on the west side of
the mangroves, but the sightings were more disperse and not as concentrated below
Heusner’s Bogue. The number of sightings in the shaded area were 8 for our data



42

(24.0%) and 45 for Petersen’s data (29.0%). The number of sightings in the shaded area

as percentages of total sightings showed no significant difference (p = 0.492).

Figure 11. Left — Distribution for 2005-2015 behaviorally-classified encounters (Google

Maps 2016). Right — Petersen’s distribution of behaviorally-classified encounters
(Petersen 2011)
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Photo Analysis for Identification

A total of 12,743 photos were considered for photo analysis. After photos that
showed only a portion of the fin, were too blurry, or the fin was positioned at an oblique
angle were removed and after the author separated fins in photos that had multiple fins,
the total number of photographs for review were 4,908. All of those photos were
analyzed by at least two different judges. Of those photos, 495 received a Q-1 rating, 409
received a Q-2 rating, and 4,004 received a Q-3 rating. Those same photos were also
given fin distinctiveness ratings; 2,517 were D-1, 1,083 were D-2, and 1,308 we D-3.
After accounting for both quality and fin distinctiveness ratings, only 407 fin photos fit
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the requirements to be matched and uploaded to the database (i.e. are Q-1 and either D-1

or D-2). The fins in those photos were matched and 46 individuals were identified.
Testing for Criteria for Photo Analysis and Judges’ Agreement

The experienced judges ranged between 13 to 28 years of photo identification
experience. The novice judges ranged between 0 to 7 months of experience. The
ANOVA calculated an F-ratio of 57.85 and a p-value of <0.001, meaning the variation
between groups is greater than the variation within groups. The intraclass correlation
(ICC) model produced an ICC value of 0.732, with a 95% confidence interval of 0.612 to
0.852. The ICC value falls under “substantial agreement” category in the divisions
standard, with the confidence intervals falling under “substantial agreement” and “almost

perfect agreement” respectively.

Based on the surveys, the average rate of ease for the photo quality guidelines was
3.9. The lowest rating was a 2, given by a novice judge, and the highest rating was 5
given by two experienced judges and one novice judge. There was no clear indicator on
which of characteristics was easiest to score, all 5 characteristics were listed as the easiest
in individual surveys. However, the front-runner for most difficult characteristic to score
was proportion of the fin to the frame; five of the judges (3 experienced, 2 novice) listed
it as the most difficult to score. Nine judges (5 experienced, 4 novice) thought having a
cropped photo of the fin made it easier to rate the fin for photo quality; one of them stated
that that’s the method they use. The judge that said using a cropped photo did not make it

easier to rate the photo stated that she would have preferred to do the zooming in herself.

For the fin distinctiveness guidelines, the average rate of ease was also 3.8. The
lowest rating was a 2, given by an experienced judge, and the highest rating was a 5,
given by two experienced judges and one novice judge. 5 out of 9 judges (3 experienced,
2 novice) said it was easier to judge fin distinctiveness than photo quality. One judge
chose not to answer the question because it was difficult to decide. 4 out of the 5 novice
judges believed that fin distinctiveness should also be split up into characteristics to score
similar to photo quality, and that number or size of the distinctive features should be one
of the characteristics. 3 out of 5 experience judges, however, did not think using a similar

approach as photo quality would be helpful. One suggested this would be time-
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consuming, while another stated that it would be much more difficult to score because

distinctiveness is more subjective.

The chi-squared test results to determine whether there are significant differences
between rating techniques (zooming in or by using a cropped photo) are summarized for
each judge in Table 6. Only 2 out of the 5 judges, Judges 1 and 4 showed significant
differences between the scores for each rating technique (highlighted in yellow).
However, Judge 1 only showed a significant difference for the Focus/Clarity category.
Judge 4 demonstrated significant differences in scores for the Focus/Clarity, Overall
Photo Quality, and Overall Fin Distinctiveness categories. The scores between rating
techniques for Judges 2, 3, and 5 were different, but they were not significant.

Table 6. P values for differences between rating scores of photo analysis characteristics

as well as overall photo quality and overall fin distinctiveness using different technigues

(zooming in or cropped photo). Highlighted values represent significant differences.

Judge 1 Judge 2 Judge 3 Judge 4 Judge 5
Focus/Clarity 0.007 NA 0.241 0.004 0.827
Contrast 0.057 0.423 0.083 0.325 NA
Angle 1.000 0.911 0.372 0.582 0.638
Partial 0.083 0.263 1.000 0.103 1.000
Overall Photo Quality 0.104 0.275 0.160 0.013 1.000
Overall Fin
Distinctiveness 0.263 NA 0.263 0.012 0.050

DISCUSSION

The time spent observing dolphins in 2015 is low compared to the total time spent
on the water (6.4% of total survey time). This suggests that the dolphin population size in
the Drowned Cayes is small in comparison to other coastal areas. Observation times for
dolphins in Turneffe Atoll, for example, range between 23%-24% of total survey times
(Campbell, Bilgre, and Defran 2002, Hancock 2007). Our percentage, however, is also
low in comparison to values from previous studies in the Drowned Cayes. In studies

completed between 1997-2000, percentages of total survey time were 22% and 17.2%,
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respectively (Kerr, Defran, and Campbell 2005, Petersen 2001). When data were
combined with 2005-2012 data, our percent of total survey time spent observing dolphins
increased to 10.8%, but it is still lower than previous observations. Additionally, the
average number of dolphins per sighting (1.6) is also low. This differs from 2.7 dolphins
per sighting found by Petersen (2001) and 5.5 dolphins per sighting found by Kerr et al
(2005). When combined, the 2005-2015 data made our dolphins per sighting value, 2.6,

similar to that observed by Petersen.

Differences can be attributed to survey techniques. Although we spent more time
closer to shore and through the bogues, as recommended by Petersen (2001), our survey
times differed. Our 2015 surveys were completed around the same time every day,
between 8am and 4pm. Petersen conducted two surveys per day, between 9am-12pm and
2pm-5pm. Although the different times only account for a difference of 2 hours, it could
be that those two hours are times in which there is little dolphin activity in the Drowned
Cayes. That would mean that we are increasing our survey time, but it is doing little or
nothing at all to our total observation time. This idea is supported by the fact that only 3
out of the 11 (27.0%) sightings made in 2015 occurred between 12pm and 2pm. Those
sightings occurred on two separate days and only lasted 36 minutes in total. Therefore,
although our total survey time increased by 20 hours for the entire field time in 2015 by
being on the water between 12pm and 2pm, only 36 minutes of observation time were

gained (3.0% survey time).

Furthermore, our scan survey technique may have influenced our recorded
observation times. Because we only observed the dolphin(s) for small amounts of time,
only to determine behavior, we were the ones to determine when the sighting ended.
Therefore we shortened our observation times. The percent observed time ends up being
smaller than it could have been. Had we completed focal follows, our observation times
would have been longer. However, our methods were derived from Petersen (2001).
Their observations also only lasted long enough to determine behavior in an effort to
maximize sightings, and Kerr et al (2005) used similar methods, staying with the dolphin

long enough to collect photographic data.
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This increased survey time and manipulation of observation time, does not
explain the low number of dolphins per sighting. Most of the dolphins were found alone
or in mother-calf pairs. In 2015, no more than 2 dolphins were observed at a time. This is
different from Kerr et al’s (2005) largest group observation of 20 dolphins. The largest
group from our entire data set was 8 and occurred in 2012. The low number of dolphins
and the low observation times suggest that the dolphin population in the Drowned Cayes
is low and has perhaps decreased since the 1990s. It is possible that this decline may be in
relation to increased human activity. In 2015, cruise ships were seen on three survey days
and an island hopper on another. On those days only one five-minute encounter was
observed. On the four days that recorded zero cruise ships, 9 dolphin encounters occurred
lasting 2 hours and 55 minutes, accounting for 89.0% of the total observation time for

2015. This suggest that in the presence of cruise ships, dolphins may avoid the area.

Foraging was the most common behavior observed in our surveys. Traveling is
often the most common behavior to occur in higher amounts naturally (Hanson and
Defran 1993). Usually, traveling behavior occurs in combination with other behaviors,
and is predominate commonly in the late morning and early afternoon. Although, our
studies were completed in the late morning and early afternoon, foraging remained the
main activity, taking over 57.0% of the activity budget. Traveling was the second most
observed activity with 32.0%. This observation is consistent when sightings are divided
by behavior type (Fig 7). Petersen (2011) also found a higher foraging percentage that the
other behaviors, and suggested that the Drowned Cayes, Belize may be used primarily for
foraging. The high number of mother and calf pairs also suggest that the study site is a
foraging ground. In 2015, 8 out of 11 surveys (72.7%) included mother-calf pairs.
Petersen (2011) had a 16.5% percent of calves and Kerr et al (2005) reported 22% of
groups with calves, both higher than previous figures reported. Nursery grounds are
usually located in areas with high productivity (Scott et al 1990). Areas of high
productivity are used as foraging grounds (Stockin et al. 2009).

However, although foraging was the main behavior observed for both Petersen
and our data sets, the percentages themselves have changed. In 1999-2000 the foraging
percentage was significantly higher than the 2005-2015 data set, dropping 28.9%.
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Interestingly, there was a 23.6% increase in traveling behavior between the two data sets.
There are two explanations that can explain the drop in foraging activity and
increase in traveling. The first involved food availability. Patchiness of food resources
would cause an increase in travel behavior. If food resources have become less available
in the area, this would cause the dolphins to have to increase their travel during foraging
in order to find the areas of high productivity. The second explanation involves the
increase of human activity in the area. As previously mentioned, more dolphin
observations occurred on days when there were no cruise ships within the study area. If
cruise ships are affecting the presence of dolphins in the area, and the area is
predominately used for foraging, cruise ships may affect dolphins’ activity budgets.
Dolphins may begin to avoid foraging grounds due to the increase in boat traffic, and
may be traveling to surrounding waters. Previous research found that for both
odontocetes and mysticete species, whale watching boat interactions caused a decrease in
foraging and surface feeding behavior (Christiansen, Rasmussen, and Lusseau 2013).
This could ultimately lead to long-term effects on reproductive success, population
growth rates, and individual survival. The Drowned Cayes are located within the Belize
barrier reef lagoon. Not only is it an area of high productivity, but the Belize reef offers
protection from predation, making it a safe spot for dolphins. The increase in traveling
behavior and decrease in foraging behavior and presence of dolphins in general is

concerning, as dolphins may begin to avoid safe areas due to human activity.

The Swallow Caye Wildlife Sanctuary has proven to be of minimal effect to the
Drowned Cayes’ manatee population. Although a decrease of animals in the area due to
increased boat traffic has not been observed, the area was already of high use to
manatees. Additionally, the probabilities of capturing scarred manatees within or outside
the sanctuary are the same, meaning manatees have not learned to seek shelter within the
SCWS (Self-Sullivan 2007). The sighting distribution maps showed that for dolphins, the
SCWS has also had no effect on their distribution or behavior. Majority of the
observations made from 2005-2015 occur outside of the SCWS and there were no
significant differences between the number of sightings within the SCWS for Petersen
and our data. Dolphins have not been shifting their activity towards the sanctuary.
Problems with the management of the sanctuary can be to blame for these results. Speed
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limit signs and rules are posted in and around the sanctuary boundaries, but there are no
patrols to enforce the rules. If the sanctuary provided better enforcement and/or boat
traffic became minimal in the area, perhaps an increase of both manatees and dolphins
would be observed. Our observation methods, however, could have also influenced our
results. Because we did not spend an equal amount of time both within and outside the
SCWS, it is unfair to compare the results. Only about a quarter of our time in 2015 was
spent within the sanctuary. When thought of in those terms, then the proportion of
sightings within the SCWS is considerably high — 6 out of 11 encounters were found
within the sanctuary. In the future, attempts should be made to spend equal times within
and outside the sanctuary to accurately compare the number of dolphins and encounters,

and in order to determine the effect of the Swallow Caye Wildlife Sanctuary.

Additionally, the distribution maps showed majority of the sightings occurring on
the west side of the Drowned Cayes. Although this may be representative of the dolphins’
behavior and habitat use, the results could have been affected by our survey methods. We
followed a similar line of travel daily, along the west side of the coast, to reach the
northern bogues. We would stop and record a sighting if we found a dolphin in the way.
Therefore, that area was surveyed extensively and could have influenced the high number

of sightings on that side of the study area.

The photo analysis guidelines used for this study and for the creation of the first
database for the country of Belize seem to produce consistent and reliable results.
Although the ANOVA determined that there was greater variation in the scores between
the expert and novice judges, than within the groups the ICC value showed a high degree
of reliability between judges. The ICC value fell under the substantial agreement
category. Therefore, although there are differences between groups, the differences are
not significant. The scores were similar between judges, regardless of experience level.
This is similar to the results observed by Urian et al (2015). Urian et al circulated test
data sets to researchers who had considerable experience with photo identification of
bottlenose dolphins and other species. The researchers were able to use their preferred
methodology. There was a high variation of degree among the responders in terms of the

selection, scoring, and matching of images, however those that used similar methods
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yielded less variability in the results. They recommended assigning scores of
distinctiveness and image quality before matching. Therefore, as long as a standard is
used, such as the guideline PowerPoint used in this study, the photo quality analysis
should be consistent amongst judges. Less experienced researchers can still provide the
same quality photos to the database as those that are more experienced. This can prove to
be useful, especially for location with large dolphin populations or with large photo

catalogs, as more people can rate the photos without fear of having inconsistent results.

Based on the judges’ responses in the surveys, the guidelines for both photo
quality and fin distinctiveness are relatively easy to use. Minor changes could be made in
order to make some of the characteristics easier to rate. The hardest characteristic to score
for half of the judges was proportion of the frame filled. This characteristic is important
to improve since it is heavily weighted. Based on the scoring system, if an image receives
a score of 5 in this category, the image will drop to Q-2 rating. Although the “rule of
thumb” trick was suggested in the guideline, judges still thought it was difficult to
determine what to do for photos which fall between 1-5% of the frame. One suggestion
was to create a grid to overlay on top of the photos to determine the score that should be
given. Another was to add another value category, such as 3 in order to have three
possible scores — 1, 3, and 5. The judge explains how this scoring system was more
useful in days when print film and slides were being used. Smaller fin photos would lose
their clarity once zoomed in, so it was better to eliminate them. However, now with
digital photography, smaller fins can be zoomed in without the same loss of resolution.
By creating a third value, the characteristic becomes less weighted, and allows for the use
of smaller fins that might have been overlooked. Lastly, a third suggestion was to use the
program FinBase. The program uses distance of the fin from the camera as a
characteristic to determine if the fin is too small to rate, therefore you do not need to
worry about the proportion of the frame filled. The three suggestions seem feasible, it
would be interesting to compare them side by side, to see which one gets better results.

Although fin distinctiveness was rated just as easy to use as photo quality, there
was a lot of opinions on the system used to score this characteristic. Most of the
experienced judges did not think it would be useful to break down this characteristic into

several categories just as with photo quality, whereas majority of the novice judges did.
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Suggestions to score by the number and/or size of the features were made, as well as to
include a fourth value category, below D-1, for those fins that have no distinctive
markings at all, or are “clean”. Therefore, only “clean” fins could be removed from the
data set used for matching, and D-1, D-2, and D-3 fins would be uploaded to the
database. | would recommend leaving it as is. It appears that because fin distinctiveness is
more subjective, it is easier to rate if you have more experience. Additionally, if
improvements would be made to scoring photo quality, this would already allow more
photos to enter the database. Allowing less distinctive fins into the database might cause
incorrect matching (Urian et al. 2015). Because of that, the best way to make this
characteristic easier to score would be to make the descriptions of the score categories
more descriptive and to provide more examples of photos in the guideline for this
characteristics.

Between cropping the photo vs zooming in on the dolphin fin for photo analysis,
it appears cropping is the preferred choice. Nine out of ten judges used for the judges’
agreement test thought having a cropped photo made rating the photos easier. One judge
stated that it is mostly for convenience; it is less time consuming than having to zoom in
themselves. Another judge stated that in her experience she has found that cropping is
often used. However, when photos were scored using both techniques, three out of five
judges did not have significant differences in their scores. Out of the 2 judges that did
have significant differences in their scores, only one characteristic was different for both
of them, Focus/Clarity. If cropping can alter the Focus/Clarity score, cropping may have
a bigger influence in photo analysis than at first suggested because previous authors have
regarded focus or clarity as the most critical element of a good quality image (Urian et al.
2015). Therefore, further research should be completed to determine whether quality

scores improve or not when cropping the photo.
CONCLUSION

Based on the data available, my analysis indicates that the dolphin population in
the Drowned Cayes may be susceptible to changes in behavior and habitat use due to
increased human activity. This is of major concern since the area appears to be used

predominantly as a foraging ground with consistent sighting of calves. Further research
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should be done to determine what areas within the Drowned Cayes are used for foraging
and/or nurseries, and whether these areas are affected by cruise ship tourism.
Additionally, it should be investigated whether the dolphin population is using the
Swallow Caye Wildlife Sanctuary more frequently than surrounding areas, and if so,
additional management strategies to address dolphin conservation within the sanctuary
should be addressed. The photo identification guidelines being used for the creation of
the first bottlenose dolphin database in Belize appears to provide consistent and reliable
results regardless of the experience level of the judge. This is convenient as it provides a

standard that can be used by multiple researchers in the area.



APPENDIX A

PowerPoint presentation given to the judges explaining Rosel et al’s (2011) guidelines for

photo analysis (Guideline created by Eric. A. Ramos; Edited by Jazmin Garcia).

1) Proportion of Frame Filled (PF) - The percentage of the area the fin occupies relative to the
entire area of the image frame.

2) Focus/Clarity (F) - Sharpness or crispness of the photo. The focus/clarity of the photos may be
reduced by blur from motion o poorly focused lens at time of image.

3) Contrast (C) - The contrast of the image will range from too little to too much. With contrast
levels too high or low small scars may blend into the background.

4) Angle (A) - The angle of the dorsal fin relative to the camera.

5) Partial (P) - Partial ratings are given if the fin is obscured to the degree that it would be
unlikely to re-identify the dolphin.

6) Overall Distinctiveness (OD) - Scars and markings tend to form on the leading and trailing
edges of the dorsal fin. A higher number of scars increases the distinctiveness of individual fins.

7) Overall score (0S) - The sum of all rating scores for each photo

Spreadsheet

* Ratings will be entered into a spreadsheet as seen in the example below.
The spreadsheet will automatically add up the Overall Score (OS) and give
the appropriate Rating and Quality values. An example has been provided.

— The “Date” column has been omitted for the Raters test.

B e e T L T PP il
Pt 2k
e N B T B L

Ratings

Go through PF first - This is the only rating that requires the full frame of the picture.

After givingthe PF rating, the full frame photo will be ignored. The remaining categories will be rated using the
cropped photo,

7o reduce the amount of each reviewed by the principal Investigator or
designated judge. T in which only half the dorsal fin was visible or the fin was at an obiique angle were
‘eliminated before photo analysis occurred.

Examples:

1) Proportion of Frame | ... ..o
(pF) 5= Less than 1% with the fin far and poorly
visible

Trick: Use . If i i , 5. I fin is

Proportion of Frame Examples

2) Focus/Clarity 2=infocus

4 = mod focus
( F) 9= :;urr;r::eoul of focus

Focus/Clarity Examples

Focus/Clarity Examples

1= ideal contrast
3 = either excessive contrast or minimal contrast

3) Contrast (C)




53

Contrast Examples

Contrast Examples

4) Angle (A)

1= perpendicular to camera

2= slight angle

8= oblique angle (should be few, since Pl would have deleted them
previously)

Angle Examples

5) Partial (P)

1 = the fin is fully visible, leading & trailing edge
8 = the fin is partially obscured

Partial Examples

1 8
1

Partial Examples

1

6) Overall Distinctiveness (OD) ot

Very distinct; foatures evidont in distant o« poor

2= Avecage smou jon content: 2 festures of
1major
3 = Mot distinctive; very ks information conte

‘pattern maekings or keading tradieg edge features.

Overall Distinctiveness Examples

. 2
3

Overall Distinctiveness Examples

6-9  Excellent Q1

10 - 12 Average Q2
Poor Q3

>12

=2
=
=1
=1
PE_=1
0s

=6 = Excellent

7) Overall Score (0S) ;°, i‘f:";’;‘ %
>12 Poor Q3
Fo=2
C =3
A =1
P =1
PF_=5
0OS =12 =Poor




APPENDIX B

Excel sheet template given to judges to input photo analysis results (Created by Jazmin
Garcia).

P24 - e
A B C D E F G H | ] K
\I ionof | ~ ~ ~ ~ ~ overall
Fin # (left roro u?n o Focus/Clarity (F) Contrast (C)1 Angle (A) Partial (P) Overall . . - \re.ra
Photo ) Frame Filled Rating Quality  Distinctiveness
to right) 2,4,0r9 or3 1,2,0r8 lor8  Score(OS)
1 (PF)1or5s (0D)1,2,0r3




APPENDIX C

Survey given to the judges for Testing of Criteria for Photo Analysis and Judges’
Agreement (Created by Jazmin Garcia).

Judge’s Agreement/Raters Test Survey
Garcia 2016

1. Ona scale from 1 to 5, how easy were the guidelines for photo guality to understand? 1 being
not at all, 5 being extremely easy to use.

1 2 3 4 3

2. Rank the 5 characteristics (Focus/Clarity, Contrast, Angle, Fin Visibility, and Proportion) from
easiest to give rating to, to the most difficult.

5.

3. For the characteristic that was most difficult to rate, what was the main source of difficulty?

4, How would you try to improve this characteristic?

5. Did having a cropped copy of the photo, make it easier to rate the photograph?

6. Onascale from 1 to 5, how easy were the guidelines for fin distinctiveness to understand? 1

being not at all, 5 being extremely easy to use.
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Was it easier to judge photo guality or fin distinctiveness?

Would having a set number of characteristics to rank, similar to the current methods for photo

quality, make it easier to judge for distinctiveness?

What would be one of the characteristics you would include?

Are there any other comments or suggestions you would like to add?
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