Use of Clustered Mark-Recapture Methods to Monitor Bottlenose
Dolphins (Tursiops truncatus) in the Outer Banks, North Carolina
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ABSTRACT
Identifying population structure and demographic change is important for understanding sustainability. The objectives of this study were to examine the dynamics of an open seasonallyoccurring bottlenose dolphin (Tursiops truncatus) population within Roanoke Sound, North Carolina. From 2008-2013, opportunistic (N=86) and transect photo-identification surveys
(N=55) were conducted from which 413 distinctive dolphins were identified. Bayesian mark-recapture modeling was used to identify clusters within the population based upon different
levels and patterns of capture/identification probability over time. Up to 6 different clusters were sampled during Markov Chain Monte Carlo iteration draws from the model, but dolphins
were only assigned with maximum probability to 3 distinct clusters. Most (406/413) of these individuals could be assigned to a specific cluster, with 346, 29, and 31 dolphins having the
majority of their allocation density (>50%) associating them with clusters 1, 2, and 3 respectively. Clusters differed in average annual identification probabilities (C3, p=0.91; C2, p=0.60;
C1, p=0.15), and dolphins assigned to C3 were identified on more days (median=19 days, range 3-31), compared with C2 (median=6, range=1-12) or C1 (median=1, range=1-4). Abundance
estimates differed by cluster (C1, N1=499, 95% HDPI = 393-637; C2, N2=31, 95% HDPI = 17-50; C3, N3 = 28, 95% HDPI = 23-34). Overall, we estimated 1092 individuals (Nsuper=1092,
95% HDPI=939-1325) to be present in the study area during the study period. To test model fit, we used Bayesian posterior predications and found a plausible fit for only C2 (p-values =
0.35, 0.75) and C3 (p-values = 0.45, 0.40). For C2, average annual number of “deaths” slightly exceeded recruits (D2=5, 95% HDPI = 0-15; R2=3, 95% HDPI = 0-10), inferring abundance
decline. For C3, deaths and recruitment were balanced (D3=2, 95% HDPI = 0-5; R3=2, 95% HDPI = 1-5), inferring a stable population. We found a high degree of transient site fidelity (C1)
in addition to a small number of residents (C2 and 3) in Roanoke Sound. C3’s high identification probability enabled monitoring its real population dynamics that were not confounded by
catchability problems, as in the case of C1. This study provides insight into dolphin population dynamics useful for defining conservation measures in Roanoke Sound. Future studies will
focus on extending abundance estimation to account for unmarked individuals and including 2014 data in the analysis to examine effects of the 2013 morbillivirus epidemic.
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Examining demographic trends within a population is important for understanding its viability over time (Fearnbach et al. 2012).
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Photo-identification is a useful mark-recapture technique monitoring bottlenose dolphin populations over time (Hammond 1990;
Wilson et al. 1999).

Number of Surveys



Bottlenose dolphins (Tursiops truncatus) occurring in Roanoke Sound, NC belong to the Northern North Carolina Estuarine System
Stock (NNCESS), ranging from southern VA to Beaufort, NC (Waring et al. 2014). Long-term seasonal exchange has been documented
between Roanoke Sound and Beaufort, NC area (Fuentes and Taylor, 2016; McKeowen and Taylor, 2015).

Study area spanned Roanoke Sound, approximately 41 miles2 from
northern tip of Roanoke Island south to Oregon Inlet (Figure 1).

Conducted dedicated and opportunistic field surveys from 2008– 2013.
Sampling period ranged from April—November.

1. Used counts of number of days each dolphin was identified each
year instead of binary presence/absence per year
2.Estimated demographic parameters from independent probability
model for each cluster




Used WinBugs software (Lunn et al. 2000) to implement Markov
Chain Monte Carlo (MCMC) sampling (30,000 MCMC iterations) to
estimate posterior distributions for each parameter. Augmented the
data with up to 1500 possible unobserved individuals.
Used Bayesian posterior predictions to test model fit. Posterior
predictive p-value close to 0.5 indicated good model fit (Gelman et al.
1996).

A discovery curve showed a continuous increase in new individuals throughout the study period (Figure 3).



413 distinctive dolphins were identified from high quality photographs. Twelve dolphins were seen in all 6 years.

Fuentes, M. and J. Taylor. 2016. Seasonal exchange of bottlenose dolphins occurring in Beaufort and the Outer Banks of North Carolina. Report submitted to MABDC contributors, 10 pp.

Hammond, P.S. 1990. Capturing whales on film-estimating cetacean population parameters from individual recognition data. Mammal Review 20: 17-22.
Lunn, D.J., A. Thomas, N. Best, and D. Spiegelhalter. 2000. WinBUGS-a Bayesian modelling framework: concepts, structure, and extensibility. Statistics and Computing 10: 352-337.

Median number/
range of days seen

Average Survival
(mu.phi)

Average Annual
Abundance (N)

1 (“transients”)

0.15 (0.09-0.22)

1 day (1-4)

-

499 (393-637)

2 (“residents”)

0.60 (0.41-0.78)

6 days (1-12)

0.76 (0.17-0.93)

31 (17-50)

3 (“residents”)

0.91 (0.85-0.95)

19 days (3-31)

0.82 (0.17-0.97)

28 (23-34)



Dolphins assigned with high probability to Cluster 3 were sighted on more days compared to Clusters 1 and 2 (Table 1).



Average annual abundance estimates (N) varied by cluster, with most unseen individuals assigned to Cluster 1 (Table 1).



Approximately 1092 individuals (Nsuper=1092; 95%HPDI 939-1325) were alive and used the study area during the study period.
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Figure 4a: Average annual
Cluster 2 abundance (N2) (2.5%
and 97.5% HPDI shown with
vertical lines)
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Figure 4b: Average annual
Cluster 3 abundance (N3) (2.5%
and 97.5% HPDI shown with
vertical lines)
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Figure 5a: Annual apparent
mortality (D2) and recruitment (R2)
estimates for Cluster 2 (upper 95%
HPDI shown with vertical lines)
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Figure 5b: Annual apparent mortality
(D3) and recruitment (R3) estimates
for Cluster 3 (upper 95% HPDI shown
with vertical lines)

Assessment of demographic trends focused on Cluster 2 (pvalue.count=0.35, pvalue.p0=0.75) and Cluster 3
(pvalue.count=0.45, pvalue.p0=0.40) due to posterior predictive p-values indicating good model fit for only these two clusters.
Clusters 2 and 3 both had relatively high survival probability (mu.phi) (Table 1).
For Cluster 2, annual apparent mortality slightly exceeded number of recruits, resulting in an inferred abundance decline
(Figure 5a). However, this was likely due to a large number of dolphins seen in the first study year and not seen again (Figure
4a), and this may represent “apparent death” of dolphins that have not been observed visiting the study area in recent years with
lower search effort.
For Cluster 3, annual apparent mortality and recruitment were balanced, inferring a stable population (Figure 5b). Average
annual abundance appeared consistent across years (Figure 4b).

DISCUSSION


Small resident (Clusters 2, 3) and larger transient (Cluster 1) clusters were identified within the Roanoke Sound population.



Modifications to the Bayesian mark-recapture model allowed further detection of heterogeneous sighting frequencies.



Gardner, B., J. Reppucci, M. Lucherini, and J.A. Royle. 2010. Spatially explicit inference for open populations: estimating demographic parameters from camera-trap studies. Ecology 91: 3376-3383.
Gelman, A., X. Meng, and H. Stern. 1996. Posterior predictive assessment of model fitness via realized discrepencies. Statistica Sinica 6: 733-759.

Probability of
Identification (p)

Cluster 3 individuals had very high average annual identification probability (p=0.91) (Table 1).

Adams, J.D., T. Speakman, E. Zolman, and L.H. Schwacke. 2006. Automating image matching, cataloging, and analysis for photo-identification research. Aquatic Mammals 32(3): 374-384.

Fearnbach, H., J. Durban, K. Parsons, and D.Claridge. 2012. Photographic mark-recapture analysis of local dynamics within an open population of dolphins. Ecological Applications 22(5): 1689-1700.
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Figure 3: Discovery Curve
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Employed standard photo-identification techniques for photographing
dorsal fins (Wϋrsig and Wϋrsig 1977).

Applied Bayesian mark-recapture approach (Durban et al. 2010) to
identify clusters with different levels and patterns of capture probability over time (Gardner et al. 2010; Fearnbach et al. 2012). Modified
approach to increase ability to resolve distinct clusters:
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Up to 6 different clusters sampled during MCMC iteration draws from model. Dolphins assigned with maximum probability to 3
distinct clusters; majority of individuals (406/413) assigned to specific cluster with high probability (p>0.5).



METHODS
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Table 1: Parameter estimates for clusters (95% highest probability density intervals (HPDI) are shown in parentheses)

Limited exploratory surveys covered the Albemarle, Currituck,
Croatan, and Pamlico Sounds.

Used FinBase (Adams et al. 2006) for processing sighting data and
dorsal fin images. Excluded poor quality and low/not distinct fins from
analysis.
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We conducted a total of 141 surveys from 2008-2013. Survey effort and type varied by year (Figure 2).

STUDY AREA



2010



3)Estimate abundance and monitor demographic trends for each cluster.



2009

Figure 2: Field Survey Effort

2)Adapt a Bayesian mark-recapture model to identify population clusters based upon individual capture probabilities.
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2008

1)Use photo-identification to monitor individuals dolphins annually in Roanoke Sound, NC.
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Insight into the population dynamics of bottlenose dolphins in Roanoke Sound is useful to further understanding the sustainability of
the NNCESS and how individuals use this area.

Figure 1: Roanoke Sound Study Area
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Higher identification probabilities of Clusters 2 and 3 enabled monitoring of real population dynamics that were not confounded
by problems of low catchability as found for Cluster 1.
Future studies will focus on extending abundance estimation to account for dolphins that are not distinctively marked and
incorporating 2014 data into the assessment to examine the effects of the 2013 morbillivirus epidemic that affected the NNCESS.

McKeowen, J. and J. Taylor. 2015. Sighting patterns of bottlenose dolphins observed in the Outer Banks, NC. Report submitted to MABDC contributors, 11 pp.
Waring, G.T., E. Josephson, K. Maze-Foley, and P.E. Rosel., eds. 2014. U.S. Atlantic and Gulf of Mexico Marine Mammal Stock Assessment Reports-2013.NOAA Tech Memo NMFS-NE-228. Woods Hole, MA.
475.
Wilson, B. P.S. Hammond, and P.T. Thompson. 1999. Estimating size and assessing trends in a coastal bottlenose dolphin population. Ecological Applications 9: 288-300.
Würsig, B. and M. Würsig. 1977. The photographic determination of group size, composition and stability of coastal porpoises, Tursiops truncatus. Science 198:755-756.

ACKNOWLEDGEMENTS
We would like to thank OBXCDR volunteers and interns for assistance with field surveys and data processing, Todd Speakman for assistance in creating transect routes, Kim Urian for advice on
photo-id sampling, Jay Taylor and John Kerner for assistance in photo processing, and John Durban for creating the WinBUGS code and assistance in data analysis. We would also like to thank the
Nags Head Dolphin Watch for providing a platform for opportunistic data collection and the Coastal Studies Institute for providing lab space for data processing. Funding was provided by
fundraisers and private donations to the Outer Banks Center for Dolphin Research. Field research was conducted under G.A. Permits LOC#13416 and #17988 awarded to J. Taylor.

