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Douglas Argos filtered (DAF) satellite tag locations 
(n=3,934) of 11 short-finned pilot whales tagged off Guam 
and Rota in 2013-2014 (Table 1, Figure 1).  red line - 
Guam/CNMI EEZ border 
DAF variables: Location Classes LC2 & LC3 automatically 
retained; max. redundant distance = 3km; max. sustainable 
rate of movement = 15km/h; rate coefficient = 25 (default) 
based on variables used for short-finned pilot whales in Hawaii 
(Baird, R.W., D.L. Webster, S.D. Mahaffy, G.S. Schorr, J.M. 
Aschettino, and A.M. Gorgone. 2013. Movements and Spatial 
Use of Odontocetes in the western Main Hawaiian Islands: 
Results of a Three year Study off O‘ahu and Kaua‘i. Final report 
under Grant No. N00244-10-1-0048 from the Naval 
Postgraduate School. 30 pp.)

Fig. 2: Satellite Tag Locations

The study area, Pacific Islands Fisheries Science Center 
(PIFSC) survey tracklines (gray lines), and short-finned pilot 
whale encounter locations around the southernmost islands 
of the Mariana Archipelago.  Inset: location of the 
Guam/CNMI Exclusive Economic Zone (EEZ) (red line) 
within the western North Pacific Ocean. 
Colored triangles for PIFSC encounter locations correspond 
to satellite tag deployments on indviduals from social 
Network 1 (red) and Network 2 (yellow).  
See Table 1 and Figure 4 for more details on social networks.

Fig. 1: Surveys and Encounters

Summary of satellite tag deployments for 11 short-finned pilot whales. Tags were deployed June-July 2013 and May-June 
2014.  DAF - Douglas Argos Filtered (Figure 2).  See Figure 4 for more details on social networks.
Tag duty cycles to conserve battery life:  both types continuously first 24 hr then: SPOT – 10 hr/d for 60 d, then every 
3rd day for 21 d, then every 5th day to battery life end; SPLASH – 17 hr/d for 20 d, then every 3rd day for 30 d, then 
every 9th day to battery life end.   

Table 1. Satellite Tag Deployments

KDE of satellite-tagged short-finned pilot whales with >30 total (2-daily) DAF tag locations during summer 
(June-August). Probability density contours: 10% - highest use; 50% - core area; 95% - home range. 
A. All tagged whales combined (n=9).  B. Network 1 individuals (n=5) vs. Network 2 individuals (n=4).  
Social network affiliation determined from photo-id catalog data (Figure 4). 
KDE determined using Geospatial Modeling Environment (GME) ‘kde’ tool and bandwidth determined using 
Smoothed Cross-Validation (SCV) calculated by the ‘ks’ package in R 2.15.2 (The R Foundation for Statistical 
Computing, 2012).   

Fig. 5: Kernel Density Estimation
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Social networks determined from photo-identification of individuals during 
19 encounters with short-finned pilot whales.  Nodes represent individuals 
within the photo-ID catalog (n=178).  Numbers by nodes represent the 
truncated IDs.  Red & yellow boxes indicate satellite-tagged individuals.  
Lines between nodes indicate individuals seen during the same encounters. 
Networks 1-3 based on resights of indivduals between years.  An additional 
3 groups were seen only once.  
Network diagram created using UCINET and NetDraw (Borgatti, S.P., Everett, 
M.G. and Freeman, L.C. 2002. Ucinet for Windows: Software for Social Network 
Analysis. Harvard, MA: Analytic Technologies).

Fig. 4: Social Network Diagram

Figure 1.
• 152 survey days in 2010-2014; 15,000 km on-effort trackline
• 16 encounters; 12,554 photos taken
• 3 encounters; 1,428 photos contributed by the U.S. Navy 

Figure 2. and Table 1.
• 11 satellite tags deployed
• 3,934 DAF locations from tags
    Median depth = 1,146 m
    Median shore distance = 16.9 km

Figure 3. 
• Deepest dive 1,183 m; longest dive 24 min to 512 m
• 63% of dives > 500 m occurred during the day
• 5 of 7 dives  ≥1,000 m occurred at night; 1 occurred at dawn; 
1 occurred 20 min after sunrise

Figure 4.
• 178 photo-ID cataloged individuals
• 3+ social networks
• 58% of individuals seen more than once over multiple years

Figure 5.
• Summer (June-August) KDE highest use area (10% probability 
density contour) off Guam west side; all tags combined

• No overlap of Network 1 and Network 2 highest use areas

Summary of Results

Maximum dive depths of short-finned pilot whale MIGm-158 during 34.7 d 
deployment duration of SPLASH location-dive tag.  Vertical gray lines 
represent 00:00 local time. 
Tag collected dive statistics (number of dives, min/max dive depths ≥ 30 m,  
and dive durations ≥ 2 min ). See Table 1 for tag duty cycle.

Fig. 3: SPLASH Tag Dive Data

Example time series dive profile of 
MIGm-158 (28 May 2014.) Gray areas 
correspond to night hours (sunset to 
sunrise).  
Tag was programmed to collect depth 
every 2.5 min for dives ≥ 30 m and with 
durations ≥ 2 min.  Dive sensor duty 
cycle for time series data: first 2 days, 
then 1 day off/1 day on

Purpose and MethodsPurpose and MethodsPurpose and Methods
Prior to this study, very little was known about short-finned pilot whales, 
Globicephala macrorhynchus, in the Marianas. In order to investigate their 
social network affiliations, movements, and space use, we used:

• Small-boat visual surveys around Guam, Rota, Saipan, Tinian, and Aguijan  
• Photo-identification
• Social network diagram
     - UCINET/NetDraw
• Satellite tagging
     - Wildlife Computers SPOT5 (location) and SPLASH (location/dive)
• Kernel Density Estimation (KDE)
     - 2 daily Douglas Argos Filtered (DAF) locations (~12 hr apart)
     - Geospatial Modeling Environment - ‘kde’ tool
     - Bandwidth: Smoothed Cross-Validation  

• Some individuals are primarily 
island-associated & possible 
residents of southernmost islands

• Partitioning of the highest use 
areas between the two largest 
social networks (Network 1 & 2)

• Satellite tag deployments at other 
locations may reveal broader 
movements and greater separation 
in space use

• Overlap of Network 1 & 2 core 
areas and home ranges suggests 
potential for interactions between 
networks

• More resights of photo-identified 
individuals may result in 
connections between networks

Conclusions
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