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Executive Summary 
An aerial oblique survey of Kaula Island, Hawaii, using a manned, light twin-engine survey 
aircraft and oblique digital photography was conducted on 20 and 21 July 2021. This survey was 
conducted to meet the aims and objectives of the work required by the U.S. Navy to monitor the 
status of the seabird populations on the island (DoN 2009). This survey is the first to capture 
complete imaging of the island using oblique digital photography rather than a combination of 
vertical digital photography and oblique digital photography. The images collected have been 
analyzed and quality assured, and the raw counts of animals recorded are presented in this report.  

The survey was completed in two days with 100% of the final image mosaic formed from 
imagery collected on the survey.  

In total, 16,514 birds were recorded during the survey with red-footed booby being the most 
abundant species (n=6,016), followed by brown noddy (n=3,456). Other species recorded include 
sooty tern, brown booby, great frigatebird, masked booby, booby species, and red-tailed 
tropicbird. 

During the surveys, ten Hawaiian monk seals were recorded, seven resting on a section of coast 
in the northern region of the western convex side of the island and three were resting on the 
southwestern coast. 
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1 Introduction 
Normandeau Associates and APEM Ltd. were contracted by the U.S. Navy to provide 
ornithological data for the Pacific island of Kaula, Hawaii, through the capture and analysis of 
digital aerial imagery.  

Kaula Island is a small (0.64 km2), uninhabited crescent-shaped islet in the western chain of 
islands making up the Hawaiian Archipelago (Figure 1-1 and Figure 1-2). The islands closest to 
Kaula are Ni'ihau, which is 37 km northeast, and Kauai, approximately 111 km to the northeast. 
A mountain ridge runs along the length of Kaula Island (approximately 1,676 m), which at its 
highest point is 164.6 m above sea level (Palmer 1936). The terrain drops steeply from the ridge 
crest at a mean slope of 36°, and steep V-shaped ravines have been cut by ephemeral streams on 
the windward slopes such that the island has little level terrain (Elmer and Swedberg 1971). The 
northern horn of the island extends 762 m from the summit and ends at an elevation of 
approximately 85 m, while the southern horn extends 914 m from the summit and ends at an 
elevation of approximately 30 m (Palmer 1936). 

 
Figure 1-1. Location of Kaula Island relative to the main Hawaiian Islands (inset) and Kauai and 

Ni'ihau (imagery from ESRI). 
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source an aircraft with a floor-based hatch, which is required for capturing vertical imagery. 
Previous surveys have used vertical digital photography for imaging the top of the island and 
oblique digital photography for imaging the cliffs. This is the first survey of the Kaula Island to 
capture imagery across the entire island solely using oblique digital photography.  

Aircraft used was a Cessna SkyMaster 337H with a two-person crew comprising one pilot and 
one photographer. A handheld medium format mirrorless camera was operated by the 
photographer from the copilot seat of the aircraft, shooting through the right-side storm window.  

Due to the wide range of topographical features on Kaula (see Figure 1-2), two surveys were 
carried out to ensure high-quality imagery was achieved over the whole island (100% coverage), 
including capturing animals on horizontal and vertical ledges.  

Aircraft departed and returned to Lihue Airport, coordinating with air traffic control and the 
military controlled airspace for proper clearance through warning areas W-186 and W-187 in 
transit, and restricted area R-3107 during survey operations. Contact with ‘Hula Dancer’ traffic 
control was maintained during surveys, and the watch supervisor was kept informed of survey 
plans leading to, during, and after survey flights. Both survey flights were between two and three 
hours long with one to two hours spent actively collecting imagery. 

While collecting imagery the aircraft was flown at a variety of altitudes ranging from 500 to 
2,000 ft, horizonal distance ranging from 0.1 to 1 nm (nautical mile), and ground speeds ranging 
from 100 to 140 kts. Lower altitudes on the first flight were felt to be at an excessive risk of bird 
strike, and the minimum safe altitude for the second flight was agreed at 1,000 ft by the pilot and 
photographer. Most imagery was collected at nominal values of 1,500 ft altitude, 0.25 nm 
horizontal distance, and 100 kts ground speed. Imagery was collected orbiting the island 
clockwise while banking toward the island for better visibility. These orbits were combined with 
shorter straight lines passing by the northern and southern points of the islands until sufficient 
overlapping imagery had been collected. Roughly ten orbits per flight approximate to the 
nominal values were conducted, combined with shorter passes at closer range and a few orbits at 
greater ranges and altitudes. 

On 20 July, takeoff and landing occurred at 10:43 and 12:31 Hawaiian Standard Time (HST), 
respectively, with surveying starting at 11:00 and ending at 12:15. On 21 July, takeoff and 
landing occurred at 08:46 and 11:10 (HST), respectively, with surveying starting at 09:00 and 
ending at 10:55. The sky was clear of clouds on both flights with a steady easterly wind. 
Moderate turbulence was encountered on the leeward side of the island for approximately one 
minute of each orbit with otherwise mostly smooth flying. The camera was focused both 
manually and aided by the auto-focus. Exposure settings were altered in real time with changing 
light conditions. The west-facing cliff was partly in shadow and slightly higher exposure settings 
were used where appropriate. The camera was triggered manually at roughly two shots per 
second while making each pass, framed with some overlap between successive images. Special 
attention was paid to cover the entire island by focusing on the bottom third, then middle, then 
top third of the cliff faces. Image quality was reviewed on the ground after the first flight, and the 
second flight was conducted closer to the nominal flight conditions listed to improve data 
quality. Multiple passes were needed to capture the entire area with sufficient resolution and 
overlap. 
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brown boobies nest on the ground often near breezy cliff edges or other takeoff features. Red-
footed boobies usually nest on small trees or shrubs and have a larger nest platform. The nesting 
substrate/location of nests that contained only juveniles was used to assist identifications. 

3 Results 

3.1 Species Abundance 
Ten marine mammals (one species) and 16,514 birds (eight species/groups) were recorded on 
Kaula Island during July 2021 (Table 3-1; Appendix I). Red-footed booby (n=6,016) was the 
most abundant bird species, and red-tailed tropicbird (n=125) was the least abundant species. 
Comparison with prior years is provided in Appendix III. 

Table 3-1. Total Number of Birds and Marine Mammals Recorded on Kaula Island during July 
2021 

Species/Group Scientific Name Total 

Birds 
Booby species Sula spp. 184 
Brown Booby Sula leucogaster 1,573 

Brown Noddy Anous stolidus 3,456 
Great Frigatebird Fregata minor 1,375 
Masked Booby Sula dactylatra 1,262 

Red-footed Booby Sula sula 6,016 
Red-tailed Tropicbird Phaethon rubricauda 125 
Sooty Tern Onychoprion fuscatus 2,523 

Total birds 16,514 

Marine Mammals 
Hawaiian Monk Seals Neomonachus schauinslandi 10 

Total Birds and Marine Mammals 16,524 
 

3.2 Species Distribution 

3.2.1 Total Birds and Marine Mammals 
A limitation of using oblique imagery is that no GPS information is generated to determine 
precise distribution locations for each species from which to create distribution maps unlike 
previous aerial digital surveys.  Visual comparisons with previous years enable us to determine 
that distributions broadly resemble those of previous years. Maps have been generated from 
previous years’ point data that show an outline of the areas utilized by each species. 

Birds were widely distributed throughout the whole island, most concentrated in the northern and 
eastern regions. Brown noddies and sooty terns were almost exclusively found along the western 
convex section of the island, primarily on the lower slopes and cliffs. Both species were very 
concentrated to specific areas of the western coast. Great frigatebirds were predominantly 
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located toward the eastern coast, similarly to the red-tailed tropicbirds mostly seen in the same 
area. Boobies were widely scattered. Masked boobies were mainly recorded along the central 
ridge, while brown and red-footed boobies were more widely distributed around the whole 
island. Hawaiian monk seals were found grouped on the western side of the island.  

3.2.2 Brown Noddy 
A total of 3,456 adult brown noddies were recorded during the survey (Table 3-1), of which 37 
were flying (Table 3-2). These were concentrated toward the southwestern slopes of the island 
along the cliff edges and scattered along the cliff face on the western coast (Figure 3-1). 

3.2.3 Sooty Tern 
A total of 2,523 sooty terns were recorded during the survey (Table 3-1), of which 16 were 
flying (Table 3-2). These were concentrated toward the western slopes of the island in two major 
flocks (Figure 3-2). 

3.2.4 Red-Tailed Tropicbird 
A total of 125 red-tailed tropicbird were recorded during the survey (Table 3-1), of which 59 
were flying (Table 3-2). One individual in this study was recorded as juvenile while the rest were 
recorded as adults. These were concentrated in the concave eastern section of the island (Figure 
3-3). 

3.2.5 Great Frigatebird 
A total of 1,375 great frigatebirds were recorded during the survey (Table 3-1), of which 87 were 
flying (Table 3-2). The majority were present in the northern half of the eastern concave section 
of the island with some flying just off the northern edge of the island, some distributed along the 
central ridge (Figure 3-4), and very few in the southern half. A total of 120 immature birds were 
counted, of which 113 were juveniles (Table 3-2). 

3.2.6 Masked Booby 
A total of 1,262 masked boobies were recorded during the survey (Table 3-1), of which nine 
were flying (Table 3-2). The majority were present along the central northern ridge running 
along the island, with only a few toward the southern tip of the island (Figure 3-5). A total of 234 
immature birds were counted, of which 205 were juveniles (Table 3-2). 

3.2.7 Brown Booby 
A total of 1,573 brown boobies were recorded during the survey (Table 3-1), of which 1,466 
were adults including 27 flying (Table 3-2). They were widely scattered throughout the island, 
but with a higher concentration on the concave east side of the island and along the central ridge 
(Figure 3-6). Of the total recorded, 107 were immature of which 80 were juveniles (Table 3–2). 

3.2.8 Red-footed Booby 
A total of 6,016 red-footed boobies were recorded during the survey (Table 3-1), of which 70 
were captured in flight (Table 3-2). Out of the total birds, 1,002 were immatures including 394 
juveniles (Table 3-2). They were present across the whole island with higher densities in the 
northern region of the island on both sides of the ridge (Figure 3-7).  
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3.2.9 Booby Species 
A total of 184 unidentified boobies were recorded during the survey (Table 3-1), 18 were adults, 
and 166 were immatures including 82 juveniles (Table 3-2). Nine of these unidentified boobies 
were recorded in flight and were distributed across the island (Figure 3-8).  

3.2.10 Marine Mammals 
During the survey, ten Hawaiian monk seals were recorded (Table 3-1). Seven of these were 
resting on a section of coast in the northern region of the western convex side of the island and 
three were resting on the southwestern coast (Figure 3-9). 

Table 3-2. Species, Age, and Numbers of Sitting and Flying Birds Recorded July 2021 

Species/Group 
Adult Immature Juvenile Grand 

Total Flying Sitting Flying Sitting Sitting 

Booby species 3 15 6 78 82 184 
Brown Booby 27 1,439 1 26 80 1,573 
Brown Noddy 37 3,419 — — — 3,456 

Great Frigatebird 87 1,168 — 7 113 1,375 
Masked Booby 9 1,019 — 29 205 1,262 
Red-footed Booby 61 4,953 9 599 394 6,016 

Red-tailed Tropicbird 59 65 — — 1 125 
Sooty Tern 16 2,507 — — — 2,523 
Grand Total 299 14,585 16 739 875 16,514 
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Figure 3-1. Distribution of brown noddies recorded on Kaula Island. 
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Figure 3-2. Distribution of sooty terns recorded on Kaula Island. 
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Figure 3-3. Distribution of red-tailed tropicbirds recorded on Kaula Island. 
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Figure 3-4. Distribution of great frigatebirds recorded on Kaula Island. 
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4 Discussion 
During the July 2021 survey, 16,514 birds and ten Hawaiian monk seals were recorded at Kaula 
Island (Table 3-1). The seven bird species were red-footed booby, brown noddy, sooty tern, 
brown booby, great frigatebird, masked booby, and red-tailed tropicbird. Red-footed booby 
accounted for 36% (n=6,016) of all seabirds recorded. The next most abundant species was 
brown noddy (n=3,456) and sooty tern (n=2,523) (Table 3-1). Brown booby (n=1,573), great 
frigatebird (n=1,375), masked booby (1,262), and red-tailed tropicbird (n=125) were the least 
abundant species recorded. A total of 184 boobies could not be recorded to species level (Table 
3-2).  

The most abundant species during this survey was red-footed booby. They were present across 
the whole island with higher numbers in the northern region on both sides of the ridge. Lower 
numbers of both masked and brown booby were recorded (Table 3-1). The count of 6,016 red-
footed boobies during this survey is the highest recorded through Normandeau/APEM aerial 
digital surveys. Recent surveys seem to suggest the bulk of breeding occurs during July and 
August (Appendix IV; Appendix V). 

Of the 6,016 red-footed boobies found, 5,014 were adult birds of which 256 were within pairs, so 
conceivably there could have been up to 9,772 adults (Table 3-2) (Appendix IV). The remaining 
1,002 red-footed boobies were aged as immature or juvenile birds. Of the 184 unidentified 
boobies recorded in this survey, most were likely to be immature red-footed. 

Most of the masked boobies were present along the central northern ridge running along the 
island with the distribution similar to those of previous aerial digital surveys with very few in the 
southwestern section. Of the 1,262 recorded, 1,028 were adults and 234 were immatures 
including 205 juveniles (Table 3-2). Of the adult birds recorded in July 2021, 308 were within 
pairs, with 720 recorded as single birds; therefore, it can be assumed there could have been up to 
874 pairs present on the island during the July survey. Recent surveys seem to suggest the bulk 
of breeding occurs during July and August (Appendix IV; Appendix V). 

Brown boobies were scattered throughout the island but with a higher concentration on the 
concave side of the island and along the central ridge. Of the 1,573 recorded, 107 were 
immatures including 80 juveniles (Table 3-2). Of the 1,466 adult brown boobies recorded, 272 
were within pairs and 1,194 as single birds, which allows an estimation of 1,330 pairs to be 
calculated. The highest count of brown booby from aerial based methods was recorded in this 
survey, the highest count since the land-based survey in September 1971 (n=1,700) (Appendix 
III). 

A total of 125 red-tailed tropicbirds were found in July 2021, mostly concentrated in the concave 
eastern region of the island. Only one breeding pair was recorded on the island with 122 
recorded as single birds, which could be assumed to be half of a pair with the other half 
potentially foraging at sea. A maximum estimate of 247 individuals is assumed (Appendix IV). 

Most great frigatebirds were present in the northern half of the eastern concave section of the 
island with some flying just off the northern edge of the island, some distributed along the 
central ridge, and very few in the southern half. A total of 1,375 great frigatebirds were recorded 
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during the survey (Table 3-1) of which 87 were flying (Table 3-2) and 24 were in pairs. A total 
of 120 immature birds were counted, 113 of which were juveniles (Table 3-2). This count 
represents the highest record of the species since April 2013 (n=1,415) (Appendix V). 

Unlike the last survey in November 2019, brown noddies were recorded in the July 2021 survey 
and were mostly concentrated on the cliff edges on the western side of the island. All 3,456 
brown noddies were recorded as adults, 37 of which were flying (Table 3-2). Of these 3,456 
birds, 22 were within pairs with 3,434 recorded as single birds; therefore, it can be assumed there 
may have been up to 3,445 pairs present, or a maximum of 6,890 individuals (Appendix IV). 
This survey represents a relatively lower count compared to the July surveys of 2015 and 2017 
and August 2018 where 7,000–8,000 brown noddies were recorded (Appendix V). 

In this survey, two main colonies of sooty terns were recorded amounting to 2,523 individuals. 
Of these birds, 2,507 were sitting and 16 were flying concentrated toward the western slopes of 
the island. Sooty terns were not recorded in the previous survey in November 2019, but this is 
likely due to November lying outside of the peak breeding season. The results of this survey are 
considerably lower compared to the peak count of 40,814 recorded in March 2016 (Appendix V).  

Seabirds can spend long periods out at sea so single birds recorded during this survey may be 
half of a pair. Appendix IV shows the estimated minimum number of birds present based on the 
actual individuals recorded in the imagery and an estimated maximum number of birds based on 
single birds being half of a pair. However, as the breeding season of seabirds in Hawaii is spread 
throughout the year, not all birds may be paired up in July. 

Hawaiian monk seals are highly endangered, protected under the U.S. Endangered Species Act, 
the U.S. Marine Mammal Protection Act, Hawaii State Senate Bill 2441, and classed by IUCN as 
category C1. Ten Hawaiian monk seals were recorded, seven of which were on the northern 
region of the western convex side of the island and three on the southwestern coast. Numbers 
have remained fairly consistent throughout the ten aerial digital surveys between 2013 and 2021 
(Appendix V).  

Overall, the aerial oblique survey method demonstrates that complete counts of seabirds can still 
be obtained when compared to data captured using combined oblique and vertical digital 
photography, including the ability to accurately assess the number of birds on apparently 
occupied nests almost impossible to record from boat surveys. The distributions of birds 
generally recorded were broadly similar to other July/August aerial surveys. Aerial imagery also 
creates a permanent record/snapshot of the area at a specific time, allowing users to revisit the 
imagery/data as often as required. It is also important to note that survey techniques have 
differed historically on the island and may not all be directly comparable (see Appendix III for a 
list of all bird species observed and survey type).  
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Common Name Scientific Name Global Population 

Regional 
Population2 

(Hawaii) 
Breeding Pairs 

Apr 
2013 

Aug 
2013 

Jan 
2014 

Jan 
2015 

July 
2015 

Mar 
2016 

July 
2017 

Aug 
2018 

Nov 
2019 

July 
2021 

Hawaiian monk 
seal 

Neomonachus 
schauinslandi 

1,209 individuals of 
all age classes5 

632 sexually 
mature seals5 11 7 5 7 9 10 8 7 8 10 

Total Estimated Number of Birds   18,795 5,733 879 1,147 13,576 47,664 14,075 23,187 2,091 16,514 

Total Number of Species   11 9 6 7 8 10 8 9 7 9 
1 del Hoyo et al. 1992 
2 Hawaii Department of Land and Natural Resources (http://dlnr.hawaii.gov/wildlife/cwcs/hawaii/species/fact-sheets/) 
3 Stotz et al. 1996  
4Birdlife International http://www.birdlife.org/datazone/  
5IUCN Red List http://www.iucnredlist.org/details/13654/0 

http://dlnr.hawaii.gov/wildlife/cwcs/hawaii/species/fact-sheets/
http://www.birdlife.org/datazone/
http://www.iucnredlist.org/details/13654/0

	List of Tables
	List of Figures
	Executive Summary

