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I I 
The National Oceanic and Atmospheric Administration (NOAA), 
organized in 1970, has evolved into an agency which establishes 
national policies and manages and conserves our oceanic, coastal, 
and atmospheric resources. An organizational element within NOAA, 
the Office of Fisheries is responsible for fisheries policy and the 
direction of the National Marine Fisheries Service (NMFS). 

In addition to its formal publications, the NMFS uses the NOAA 
Technical Memorandum series to issue informal scientific and technical 
publications when complete formal review and editorial processing are 
not appropriate or feasible. Documents within this series, however, 
reflects sound professional work and may be referenced in the formal 
scientific and technical literature. 
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REPORT OF A CETACEAN, SEABIRD, MARINE TURTLE AND FLYINGFISH SURVEY OF THE 
WESTERN TROPICAL INDIAN OCEAN 

ABOARD THE RESEARCH VESSELM4LCOLMBALDRIGE 
MARCH 21 - JULY 26,1995 

Lisa T. Ballance 
Robert L. Pitman 
Stephen €3. Reilly 
Michael P. Force 

INTRODUCI'ION 

The Indian Ocean was declared a whale sanctuary by the International Whaling Commission (TWC) in 
October of 1979 (IWC 1980). Since then, with the exception of the coasts of South Africa, Sri Lanka and 
Australia, there has been little directed research on cetaceans in this part of the world (Leatherwood and 
Donovan 199 1). This is particularly true for species that inhabit pelagic waters, offshore of the continental 
shelf. In October 1992, the Indian Ocean Marine Affairs Cooperation convened an International Scientific 
Workshop in Colombo, Sri Lanka, in order to, among other things, suggest projects in conjunction with the 
Indian Ocean Sanctuary. The following research priorities were identified: 

- Identi@ crucial habitats for marine mammals and turtles in the Indian Ocean 

- Identify areas of special scientific interest; monitor the recovery of depleted whale stocks 

- Develop long-term research programs to estimate population size, abundance and distribution of 
Indian Ocean marine mammals and turtles 

- Develop a program where oceanographic ships operating in the region could be used 
opportunistically to collect sightings data on marine mammals and turtles, either by recording any 
observations or by carrying dedicated observers 

In 1995, the NOAA ShipMalcolm Baidrige (hereafter referred to as the Baidrige) embarked on an around 
the world cruise, much of which was to be spent in the Indian Ocean conducting oceanographic research as 
part of the World Ocean Climate Experiment (WOCE) and Global Ocean Ecosystems Dynamics (GLOBEC) 
projects. This provided us with a unique and valuable opportwnity to address the research needs outlined 
above by using the Baldrige as a ship of opportunity for a survey of Indian Ocean cetaceans, seabirds, marine 
turtles and flyingfish. 

In this report, we describe the methodology and types of data that we collected for these faunal surveys, and 
present a summary of our results. 
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OBJECTIVES 

The primary objective of this project was to collect information on species identity, distribution and numbers 
of cetaceans present in the western tropical Indian Ocean. Secondary objectives were to obtain information 
on distribution patterns and relative abundance of other marine vertebrates. Specific objectives were as 
follows: 

1. Cetacean Survey 
collect data on distribution and abundance; identi6 any dolphin interactions with commercially 
important tunas and seabirds 

2. Cetacean Biopsy 
collect skin samples from free-ranging cetaceans for genetic analysis 

3. Seabirds 
a) collect data on distribution and abundance of seabirds and feeding flocks 
b) collect specimens for DNA analysis, studies of wing morphology, and museum collections 

4. Flyingfish 
collect data on species identity, distribution and abundance 

5. Marine Turtles 
collect data on species identity, distribution and abundance 

METHODS 

The Baldrige is a National Oceanic and Atmospheric Administration research vessel commissioned in 1970. 
The ship is 85 m in length, has a beam of 15.5 m and a draft of 5.5 m. 

Throughout the survey, the BaIdrige followed predetermined Track lines in accordance with WOCE and 
GLOBEC project needs (Figure 1). The itinerary included four legs as follows: 

Leg I (WOCE) 
Durban, South Africa, to Colombo, Sri Lanka 2 1 March - 2 1 April, 1995 

Leg I1 (GLOBEC) 
Colombo, Sri Lanka, to Muscat, Oman 

Leg I11 (WOCE) 
Muscat, Oman, to Victoria, Seychelles 

Leg IV (transit leg) 
Victoria, Seychelles, to Muscat, Oman 

27 April - 24 May, 1995 

31 May - 30 June, 1995 

12 July - 24 July, 1995 
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During WOCE legs, the ship conducted Conductivity, Temperature, Depth (CTD) casts every 2 to 5 hours 
around the clock. During the GLOBEC leg, the ship conducted sampling stations lasting fiom 1 h to 3 days 
on an irregular schedule. Leg N was spent entirely in transit. Ship's speed through the water averaged 
approximately 25 km/h when in transit. 

Three scientific personnel were aboard during all four legs in order to collect the survey data detailed in this 
report. These were Robert L. Pitman and Lisa T. Ballance (Southwest Fisheries Science Center) and Michael 
P. Force (contract scientist). Methodology and data specific to each project objective are detailed below. For 
all data, time is given in Greenwich Mean Time (GMT). Conversion from GMT to Local Mean Time (LMT) 
is given in Table I .  

Cetacean Survey 

We surveyed for cetaceans during all daylight hours when the ship was in transit, weather permitting, taking 
short breaks as necessary to maintain concentration. Generally, we surveyed in sea conditions corresponding 
to Beauforts 0 - 6 (Table 2), and suspended cetacean survey when the sea state was higher. 

We used line transect methodology as in Holt (1987) to survey for cetaceans. Two observers (R.L. Pitman 
and L.T. Ballance) scanned the Ocean area in front ofthe ship from beam to beam and out to the horizon (a 
distance of approximately 15 km), or to the farthest limit of visibility, for cetaceans. We used 25 power 
Fujinon' binoculars which were mounted to the port and starboard sides of the deck of the flying bridge at a 
height of 15.5 m above water. With few exceptions, each observer used the same pair of binoculars (port 
side: R.L. Pitman, starboard side: L.T. Ballance). A third observer (M.P. Force) collected data on seabird 
distribution and abundance (see below) and was present during almost all Occasions on which mammal survey 
effort occurred. This individual also scanned for bowriding cetaceans and reported any dolphin schools or 
whale blows that were not detected by the observers on the mounted binoculars. We used 10 power handheld 
binoculars for observing cetaceans that were close to the ship. 

When a cetacean was detected, we recorded certain information specific to that sighting (see below). One 
observer would watch the individual or school until this information was obtained. Generally, the other 
observer remained on search effort during this time, continuing to scan for new sightings. Occasionally, both 
observers focused on the sighting in order to confirm species identification or school size estimates. In this 
case, survey effort stopped until these data were obtained. 

We recorded the following information to indicate effort spent on cetacean survey and observation conditions 
prevailing during that time: date, start and stop times of survey effort (GMT), sea state (using the Beaufort 
Scale, Table 2), position of the sun (Figure 2), distance (h) to which we could see in clear air (without 
obstruction by rain, fog or haze). 

We recorded the following information for all species of cetaceans that were sighted throughout the cruise: 
time (GMT), sighting number (consecutively numbered throughout the cruise), bearing to sighting to the 
nearest degree (using a 360" graduated washer attached to the base of the binocular), distance to sighting 
(using a graduated scale of reticles enclosed in the right eyepiece of each binocular), identification of observer 
detecting the sighting (Table 3), species identity and number of any associated birds, marine turtles, fish, or 
flotsam, and cetacean school size estimate (best, high and low estimates). Specific values for these variables 

'Reference to trade name does not imply endorsement by National Marine Fisheries Service. 
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were agreed upon by all observers that had ample observation time with the sighting. All effort and sighting 
data were recorded on a Toshiba PortegC' notebook computer on the flying bridge by L.T. BaIlance. In 
addition to the data recorded on the computer, we filled out a sighting record form (Figure 3) for each 
cetacean sighting. 

The shlp's Survey Department recorded certain navigational and environmental data continuously throughout 
the cruise. We had the following data recorded to a computer file every 10 minutes throughout the day: date, 
time (GMT), ship's position, ship's speed through the water, ship's speed over ground, ship's wurse, air 
temperature ("C), percent humidity, barometric pressure (millibars), wind direction, wind velocity (m s-I), sea 
surface temperature ("C), sea surface salinity (parts per thousand), water depth (m). 

Cetacean Biopsy 

We obtained biopsy samples from bowriding animals by using a crossbow and bolts (arrows) equipped with 
hollow points specifically designed for the purpose. The bolts were attached to the crossbow with a thin 
nylon line to allow retrieval after firing. We also had bolts with flotation collars and no line attached in order 
to sample animals from a launch while the vessel was on station. Biopsy samples were stored in a solution of 
saturated salt water and dimethyl sulfoxide (DMSO). 

Seabirds 

a) Distribution and Abundance of Seabirds and Feeding Flocks 

We surveyed for seabirds during all daylight hours when the ship was in transit, weather permitting, taking 
short breaks as necessary to maintain concentration. Generally, we surveyed in sea conditions corresponding 
to Beauforts 0 - 7 (Table 2), and suspended seabird survey when the sea state was hlgher. 

We used standard 300 m strip transect methodology ("Method I" in Tasker et al. 1984) to survey for 
seabirds. A single observer (M.P. Force) scanned the ocean area in fiont of the ship from bow to beam and 
out to a distance of 300 m on that side of the ship with best visibility, recording the identity and number of all 
seabirds entering the area. Species identifications were confuned with handheld binoculars. We also noted 
the presence of species outside the zone (as detected by the mammal observers, RLP and LTB, using the 25 
power, mounted binoculars) if that species had not yet been sighted during the day. 

We recorded the following information to document effort spent on seabird survey and observation conditions 
prevailing during that time: date, start and stop time of survey effort (GMT), sea state (using the Beaufort 
Scale, Table 2), observation conditions (Table 4), side of the ship on which survey was conducted. 

We recorded the following information for all seabirds that were recorded in the 300 m zone: time (GMT), 
species identity and number of individuals, distance fiom ship (0 - 100 m, 100 - 200 m, 200 - 300 my outside 
the 300 m zone), associations with other seabirds, cetaceans, fish, or flotsam; behavior (sitting, flying, 
feeding); age if distinguishable (juvenile, sub-adult, adult); sex if distinguishable. All effort and sighting data 
were recorded on a Toshiba 10002 notebook computer on the flying bridge by M.P. Force. 

We conducted a separate survey for flocks of feeding seabirds, also using strip transect methodology. This 

'Reference to trade name does not imply endorsement by National Marine Fisheries Service. 
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survey was conducted by the mammal observers (RLP and LTB), simultaneously with the cetacean survey. 
(Effort data for the flock survey therefore is identical to effort data for the cetacean survey.) We defined a 
flock as any feeding aggregation of 5 or more birds. All flocks out to a distance of approximately 5 km on 
each side of the ship were noted. For each flock we recorded the species identity and number of individuals of 
all seabirds as well as any associations with cetaceans, fish, or flotsam. 

b) Seabird Specimens for DNA Analysis, Studies of Wing Morphology, and Museum Collections 

We collected seabirds on an opportunistic basis from a small launch while the ship was on oceanographic 
station. Wing span, area and body mass were recorded from freshly dead specimens. The entire bird was 
then frozen. Heart, liver and pectoralis muscle tissues will be taken for future DNA analysis and the skins 
and skeletons will be used as museum specimens. 

Flyingfish 

We conducted a visual survey for flushed flyingfish simultaneously with the seabird survey using a modified 
strip transect methodology. (Effort data €or the flyingfish survey therefore is identical to effort data for the 
seabird survey.) The seabird observer @IS. Force) recorded &he numbers of ail flying&& flushed by the ship 
out to 100 m and identified them tothe lowest possible taxon. Data were recorded on a standard data form. 
Hardheld binoculars were used to confirm species identity. 

Flyingfish (and other surface organisms) were sampled during hour-long evening and early morning stations, 
simultaneous with CTD casts, by R.L. Pitman. A single 500-watt lamp was suspended over the side of the 
ship to attract fish and a long-handled dipnet was used to collect them. All specimens were frozen in 
saltwater at -70" C for later processing onshore. 

For each dipnet station, the following data were recorded: date, start and stop time (LMT), ship's position, sea 
state (using the Beaufort Scale, Table 2), moon phase (Table 5), cloud cover (Table 6),  sea surface 
temperature (' C), sea surface salinity (parts per thousand), identity of all fish and squid collected and sighted 
(Tables 7 and 8, respectively). A relative abundance categow was assigned to all fish and squid taxa sighted 
during the station (Table 9). 

Marine Turtles 

We recorded all sightings of marine turtles during the cetacean survey, regardless of their &stance from the 
ship. (Effort data for the turtle survey therefore is identical to effort data for the cetacean survey.) We 
identified turtles to species whenever possible and noted any association with other animals or flotsam. 

Live turtles were captured opportunistically for the purpose of freeing them from entanglement. Any 
captured turtles were tagged with a single monel tag on the posterior edge of each front flipper, the carapace 
was measured, and a 1 cc blood sample was obtained. The turtle was then released unharmed. 
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RESULTS 

Cetacean Survey 

We surveyed a total of 403.9 hours during 92 days for cetaceans. This effort covered a total linear distance 
of 9,783.9 km and an approximate area of 146,758 km'. Details of observation conditions and ship's 
position for search effort are given in Table 10. 

We recorded 589 cetacean sightings comprising a minimum of 21 different species. We identified 480 
sightings to the genus or species level; the remaining 109 sightings were recorded at higher taxonomic 
categories, including: unidentified dolphin, unidentified largelsmall whale, unidentified odontocete, 
unidentified cetacean. Summary information for each taxonomic category is given in Table 11 and detailed 
information by species is given in Tables 12 = 36. Location of sightings for each taxonomic category is 
shown in Figures 4 - 19. 

Cetacean Biopsy 

We obtained 19 biopsy samples from a total of 3 species of dolphins. A summary of our biopsy results is 
given in Table 37. 

Seabirds 

a) Distribution and Abundance of Seabirds and Feeding Flocks 

We surveyed a total of 437.1 hours during 9 1 days for seabirds using 300 m strip transect methodology. This 
effort covered a total linear distance of 10,778.7 km and an area of 3,233.6 km'. Details of observation 
conditions and ship's position for search effort are given in Table 38. During this time, we recorded a total of 
6,104 individual seabirds comprising a minimum of 5 1 different species (Table 39). 

We surveyed a total of 403.9 hours during 92 days for seabird feeding flocks. This effort, simultaneous with 
the cetacean effort, covered a total linear distance of 9,7833 km and an approximate area of 97,839 km2. 
Details of observation conditions and ship's position for search effort are given in Table 10. During this time, 
we recorded a total of 623 feeding flocks comprised of a minimum of 36 species and 37,002 individuals 
(Table 40). The locations of these flocks are shown in Figure 20. 

b) Seabird Specimens for DNA Analysis, Studies of Wing Morphology, and Museum Collections 

We collected 3 individual seabirds for these purposes. These were comprised of the following: 2 Swinhoe's 
S torm-Petrel (Oceanodroma monorhis), 1 Flesh-footed Shearwater (Puflms creatopus). All specimens will 
be housed at the Los Angeles County Museum of Natural History. 

Flyingfish 

We surveyed a total of 437.1 hours during 91 days for flyingfish using 100 m strip transect methodology. 
This effort, simultaneous with the seabird 300 m strip transect effort, covered a total linear distance of 
10,778.7 km and an area of 1,077.9 km2. Details of this effort are given in Table 37. During this time, we 
recorded a total of 16,257 individual flyingfish from 15 taxonomic categories (Table 41). 
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A total of 61 dipnet sampling stations was conducted during a total of 78.5 hours and 53 days. The location 
of these stations is shown in Figure 2 1. A total of 447 flyingfkh of approximately 2 1 species was collected. 
These specimens have been processed and are now housed at the Los Angeles County Museum of Natural 
History. These data are summarized in Table 42. 

Marine Turtles 

A totai of 8 1 individual marine turtles comprising a minimum of three species were recorded on 16 separate 
days (Table 43). The location of these sightings is shown in Figure 22. 

We captured a single adult olive ridley turtle (Lepidochelys olivacea) on 20 July at 23 " 03' N latitude, 59" 
13' E longitude. This individual was entangled in a small piece of nylon netting. We brought it aboard and 
freed it from the netting. The carapace measured 6 1.5 cm in curved length. The turtle was double-tagged 
(right front flipper tag no: G0102, left front flipper tag no: GU101) anda blood sample was collected. This 
sample has been sent to Dr. Brian Bowen of the University of Florida, Cainesdle for future processing. 

CONCLUSIONS 

Ships of opportunity can be extremely useful and cost effective when used as platforms by experienced 
observers. During this project, we were able to gather a wealth of data on distribution and abundance over a 
large spatial scale for a variety of marine vertebrates, without requiring dedicated ship time. These data were 
of high quality. For example, 8 1% of our cetacean sightings were identified to the generic level, despite the 
fact that the ship did not divert from the cruise track for the purposes of obtaining closer views of cetacean 
schools. Our results were highly dependent on the experience of the observers and the quality ofresearch 
possible on ships of opportunity will depend on this factor. With this in mind, we can highly recommend the 
use of such platforms in the future. 
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Table 1. Conversion of times from Greenwich Mean Time (GMT) to Local Mean 
Time (LMT). 

Dates (1995) LMT = GMT +X 
~~ 

21 March - 24 March 

25 March - 27 March 

2 

3 

4 

5.5 

28 M X C ~  - 18 April 

19 April - 1 May 

2May-24Jdy  4 

9 



Table 2. §ea state conditions as measured by the Beaufort Scale 
(from Bowditch 1966). 

Wind Force Knots Descriptive Sea Conditions Probable 
(Beaufort) Wave 

Height (ft) 

0 0 - 1  Calm Sea smooth and mirror-like 

1 1 - 3 Light Air Scale-like ripples ~ t h o u t  foam 1/4 
crests 

2 4 - 6 Light Breeze Small short wavelets; crests have a $5 

3 7 - 10 Gentle Breeze Large wavelets: some crests begin 2 

glassy appearance and do not break 

to break; foam of glassy 
appearance. Occasional white foam 
crests 

4 1 1 - 16 Moderate Small waves, becoming longer; 4 
Breeze fairly frequent white foam crests 

5 17 - 2 1 Fresh Breeze Moderate waves, taking a more 6 
pronounced long form; many white 
foam crests; there may be some 
spray 

foam crests are more extensive 
everywhere; there may be some 
spray 

6 22 27 Strong Breeze Large waves begin to form; white 10 

7 28 - 33 Near Gale Sea heaps up and white foam from 14 
breaking waves begins to be blown 
in streaks along the direction of the 
wind; spindrift begins 
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Table 3. Observer names and code numbers used to record cetacean survey data. 

Robert L. Pitman Michael P. Force Lisa T. Ba€lance 

Observer Code 004 098 120 

Table 4. Observation condition codes used in the 300 m strip transect seabird survey 
and the 100 m strip flyingfish survey. 

Observation General Species Visibility Category 
Code Description 

1 Extremely Bad Storm-Petrels and phalaropes cannot re€iably be detected 
to 100m 
All individuals of all other species cannot reliably be 
detected to 200 m 

2 Poor All Storm-Petrels and phalaropes visible to 100 m 
All individuals of all other species visible to 200 m 

3 Fair All Storm-Petrels and phalaropes visible to 200 m 
All individuals of all other species visible to 300 m 

All individuals of all species visible out to 300 m 

All individuals of all species visible out to 300 + m 

4 

5 

Good 

Excellent 
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Table 5. Moon phase categories and code numbers used during nightly dipnet stations. 

Moon Phase Code Number 

Quarter 1 

Half 2 

Thee- Quarter 3 

Full 4 

NO 5 

New 6 

Table 6. Cloud cover categories and code numbers used during nightly dipnet stations. 

Partly Cloudy 2 

Overcast 3 

Rain 4 

Other or Unknown 5 

1 2  



Table 7. Fish species categories and code numbers used during nightly dipnet stations. 

Fish Category Code Number 

Unidentified Flyingfkh 005 

Oxyporhamphus micropterns 010 

Fodiator spp. 015 

Exocetus spp. 020 

Unidentified 4-wing flyingfish 030 

Elassich thys 060 

Hemiramphidae (halfbeaks) 080 

Belonidae (needlefish) 090 

Myctophidae (lantedish) 100 

Scombridae (tunas) 200 

Vinciguerria spp. 125 

Gempylidae (snake mackerel) 300 

Coryphaenidae (dolphinfish) 400 

Other 5 00 

Octopoda (pelagic octopus) 700 

Sea Snake 900 

Table 8. Squid categories and code numbers used during nightly dipnet stations. 

Squid CatePory Code Number 

Large (mantle length > 8 inches) 

Medium (3 inches s mantle length I 8 inches) 

Small (mantle length < 3 inches) 

1 

2 

3 
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Table 9. Relative abundance categories and code numbers for fish and squid used 
during nightly dipnet stations. 

Relative Abundance Code Number 

“a couple” (1-3) 1 

,‘a few” (4-8); Uncommon 2 

“several” (9-15); fairly common 3 

‘ ‘ C O I ~ ~ O ~ ~ ~  (16-50) 4 

“abundant” (5 1-150) 

“superabundant” (l50+) 

1000s 

“present” 8 

“possibly present” 9 
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Table 39. Summary of seabird sightings during strip transect survey, 
listed in order of abundance. 

Total Number 
Common Name Latin Name Recorded 

Audubon's Shearwater 
Sooty Tern 
Wilson's Storm-Petrel 
Lesser Noddy 
Flesh-footed Shearwater 
Persian Shearwater 
Brown Noddy 
Jouanin's Petrel 
Soft-plumaged Petrel 
Bridled Tern 
Wedge-tailed Shearwater @k morph) 
Northern Phalarope 
Great-winged Petrel 
Barau's Petrel 
White Tern 
Masked Booby 
Swinhoe's Storm-Petrel 
Red-billed Tropicbird 
Black-bellied Storm-Petrel 
White-faced Storm-Petrel 
Red-footed Booby 
White-tailed Tropicbird 
Noddy species 
White-chinned Petrel 
Sooty Gull 
Parasitic Jaeger 
Frigatebird species 
Brown Booby 
Pomarine Jaeger 
Crested Tern 
Cory's Shearwater 
South Polar Skua 
Long-tailed Jaeger 
Black-bellied/White-bellied S-P 
Matsudaira's Storm-Petrel 
Yellow-nosed Albatross 
Leach's Storm-Petrel 
Lesser Frigatebird 
Phalarope species 
Skua species 
Arctic Tern 
Shorebird 

Puffinus lherminieri 
Sterna fuscata 
Oceanites oceanicus 
Anous tenuirostris 
Puffinus carneipes 
Pufinus 1. persecus 
Anous stolidus 
Bulweria fallax 
Pterodroma mollis 
Sterna anaethetus 
Punnus pacificus 
Phalaropus lobatus 
Pterodroma macroptera 
Pterodroma baraui 
Gygis alba 
Sula dactylatra 
Oceanodroma monorhis 
Phaethon aethereus 
Fregetta tropica 
Pelagodroma marina 
Sula sula 
Phaethon lepturus 
Anous sp. 
Procellaria aequinoctialis 
Larus hemprichii 
Stercorarius parasiticus 
Fregata sp. 
Sula leucogaster 
Stercorarius pomarinus 
Sterna bergii 
Calonectris diomedea 
Catharacta maccormicki 
Stercorarius longicaudus 
Fregetta sp. 
Oceanodroma matsudairae 
Diomedea chlororhynchos 
Oceanodroma leucorhoa 
Fregata ariel 
Phalaropus sp. 
Catharacta sp. 
Sterna paradisaea 
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1079 
877 
63 1 
534 
43 1 
4 16 
40 1 
367 
282 
113 
107 
102 
90 
84 
82 
63 
56 
53 
50 
34 
31 
30 
18 
17 
15 
14 
12 
8 
8 
8 
7 
7 
7 
6 
6 
4 
4 
4 
4 
4 
4 
4 



Table 39. Continued. 

Total Number 
Common Name Latin Name Recorded 

Sooty Albatross Phoebetria fusca 3 
Sooty Shearwater Puffinus griseus 3 
Petrel species Pterodroma sp. 3 
Tern species Sterna sp. 3 
Little Shearwater Puflnus assimilis 2 
Bulweria species Bulweria sp. 2 
Roseate Tern Sterna dougallii 2 
Passerine 2 
Shy Albatross Diomedea cauta ssp? 1 
Wandering Albatross Diomedea exulans 1 
Streaked Shearwater Calonectris leucomelas 1 
Bulwer's Petrel Bulweria bulwerii 1 
Storm-Petrel species 1 
Red-tailed Tropicbird Phaethon rubricauda 1 
Tropicbird species Phaethon sp. 1 
Antarctic skua Catharacta antarctica 1 
Lesser Black-backed Gull Larus fuscus 1 
Saunder's Tern Sterna saundersi 1 

TOTAL 6104 
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Table 40. Summary of seabirds recorded in feeding flocks, 
listed in order of abundance. 

Total Number 
Common Name Latin Name Recorded 

Sooty Tern 
Noddy species 
Soofy/Bridled Tern 
Persian Shearwater 
Audubon's Shearwater 
Flesh-footed Shearwater 
Jouanin's Petrel 
Bridled Tern 
Tern species 
Wilson's Storm-Petrel 
Shearwater species 
Brown Noddy 
White Tern 
Soft-plumaged Petrel 
Masked Booby 
Barau's Petrel 
Petrel species 
Wedge-tailed Shearwater (Dk morph) 
Saunder's Tern 
Storm-Petrel species 
Lesser Noddy 

Crested Tern 
Swinhoe's Storm-Petrel 
Pomarine Jaeger 
Black-bellied Storm-Petrel 
Parasitic Jaeger 
Roseate Tern 
White-faced Storm-Petrel 
Red-billed Tropicbird 
Jaeger species 
Frigatebird species 
south Polar skua 
White-cheeked Tern 
Albatross species 
Great-winged Petrel 
ParasiticKong-tailed Jaeger 
Cory's Shearwater 
Brown Booby 
White-tailed Tropicbird 
Lesser Frigatebird 

Red-footed Booby 

. Arctic Tern 

Sterna fuscata 
Anous sp. 
S. fuscatdanaethetus 
Puflnus 1. persecus 
Puflnus lherminieri 
Puflnus carneipes 
Bulweria fallax 
Sterna anaethetus 

Oceanites oceanicus 

Anous stolidus 
Gygis alba 
Pterodroma mollis 
Sula dactylatra 
Pterodroma baraui 
Pterodroma sp. 
Puflnus pacifms 
Sterna saundersi 

Anous tenuirosfris 
Sula sula 
Sterna bergii 
Oceanodroma monorhis 
Stercorarius pomarinus 
Fregetta tropica 
Stercorarius parasiticus 
Sterna dougallii 
Pelagodroma marina 
Phaethon aethereus 
Stercorarius sp. 
Fregata sp. 
Catharacta maccormicki 
Sterna repressa 
Diomedea sp. 
Pterodroma macroptera 
S. parasiticuslongicaudus 
Calonectris diomedea 
Sula leucogaster 
Phaethon lepturus 
Fregata ariel 
Sterna paradisaea 

94 

11653 
8911 
6575 
2295 
1427 
1241 
1238 
546 
50 1 
44% 
385 
3 70 
345 
3 07 
183 
102 
81 
70 
69 
60 
43 
20 
13 
12 
10 
9 
9 
9 
8 
7 
7 
6 
6 
6 
4 
4 
4 
3 
3 
2 
2 
2 



Table 40. Continued. 

Total Number 
Common Name Latin Name Recorded 

Sooty Albatross 
Streaked Shearwater 
Matsudaira's Storm-Petrel 
White-rum@ Storm-Petrel 
Skua species 

Phoebetria fusca 1 
Calonectris leucomelas 1 
Oceanodroma matsudairae 1 

1 
Catharacta sp. 1 

Long-tailed Jaeger Stercorarius longicaudus 1 

TOTAL 37002 birds 
623 flocks 
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Table 41. Summary of flyingfish recorded flushed by the ship to 100 m, 
listed in order of abundance. 

Taxon Number of Individuals 

Exocetus 6097 
Unidentified Four-Wing 2995 
Hirundichthys coromandalensis 2141 
Unidentified 1912 
Hirundichthys oxycephalus 1900 
White Wing 576 
Black-Wing 260 

108 
Pink-Speckled Wing, Black Pelvic Spot 46 
Calloptems type 42  

Prognichthys brevipennis 17 
Green Wing 13 

Black and Yellow Wing 111 
Pink-Speckled Wing, No Black Pelvic Spot 

Blue-Wing 37 

Green Wing, Black Border 2 

16257 Total Flyingfish 
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Figure 2. Vertical and horizontal sun position categories. 
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SWFSG Marine Mammal Sighting Form 

D a t e l l l l l l l  Observer [ T I  Cruise# 

Time 1 7 1  Effort: ON / OFF Sighting # 

SPECfES DETERMINATION: 

Y Y M M D D  

DIAGNOSTIC FEATURES: Describe and sketch shape, size arid markings of species identified. 

BEHAVIOR: Describe aggregation, movement, blows, etc. 

ASSOCIATED ANIMALS: List the number and species of other animals near sightings. 

c] Biopsy Initial School Movement: 

0 BowRiing W I  Speed-knots 

Calibration Direction - relative lo bow 

Figure 3. Cetacean sighting record form. 
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