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Abstract: Field tests were made off California to compare estimates of seabird density and species com- 
position resulting from simultaneous ship and aerial observations. In controlled survey experiments, signifi- 
cantly higher mean densities were calculated from aerial observations than from the ship. Under variable 
field conditions, however, densities derived from vessel surveys for five species groups were statistically 
indistinguishable from corresponding aerial figures. On ship surveys, 95-97% of all birds were identified to 
species, whereas from the air, specific identifications were made for 77-96% of the birds seen. About the 
same total numbers of species were noted from the two platforms, and reported species composition was 
similar. 
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During the mid-1970's, the needs of man- 
agers for basic population inventories of sea- 
birds led to several large scale, multi-year stud- 
ies involving both ship- and aircraft-based 
observations at sea (Briggs et al. 1981, Wahl et 
al. 1981, Gould et al. 1982, Vermeer et al. 1983, 
Blake et al. 1984). Survey methodology in open- 
water habitats previously had received little 
critical examination, so investigators devised a 
variety of field procedures and accumulated vast 
data bases, with only modest standardization 
between research groups. It has become appar- 
ent that aerial and shipboard methodologies 
should be evaluated and compared. 

Qualitative comparisons of strip censuses from 
vessels and aircraft have been made by Briggs 
et al. (1981), Wahl et al. (1981), and Gould et 
al. (1982), whereas limited quantitative com- 
parisons, emphasizing littoral habitats, have 
been reported by King and Conant (1982) and 
Savard (1982). Generally, aerial surveys cover 
wide areas (102-104 km2) in a few hours' to a 
few days' time and have been reported to yield 
relatively low counts along coastlines when 
compared to counts from shore or a boat. Due 
to short sighting times, aerial counts are re- 
ported to produce relatively imprecise infor- 
mation concerning species composition. Be- 
cause ship surveys cover comparable areas more 

slowly, they introduce the possibility of changes 
in bird populations during a single survey. 
However, they yield more precise identifica- 
tions and have the advantage of facilitating col- 
lection of correlative oceanographic informa- 
tion. Both types of survey are thought to have 
inherent biases leading to error in determina- 
tion of bird density: (1) birds may be over- 
looked or their numbers over- or underesti- 
mated; (2) on ship transects inclusion of counts 
of flying birds may exaggerate apparent den- 
sities (Tasker et al. 1984); (3) ship-followers (e.g., 
gulls [Larus spp.] and fulmars [Fulmarus spp.]) 
or avoiders (e.g., loons [Gavia spp.]) may be 
represented differently from those that are neu- 
tral to the ship's presence. Glare, altitude, and 
the width of transect corridors can affect den- 

sity and species composition estimates from air- 
planes (Briggs et al. 1985). 

In this paper we compare some aspects of 
strip transects made during ship and aerial sur- 
veys. We also examine survey data taken off 
southern California during 1975-78 to compare 
density estimates under normal (variable) field 
conditions. Though limited, these appear to be 
the first direct comparisons reported for the two 
types of survey in offshore areas. 

D. H. Dettman, K. F. Dettman, E. W. Chu, 
G. D. Farrens, M. O. Pierson, and M. L. Bonnell 
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assisted with fieldwork. Analyses were discussed 
with G. L. Hunt, Jr., M. Tasker, and S. M. 
Speich. D. W. Anderson, J-P. L. Savard, and 
K. Vermeer provided helpful comments on ear- 
lier drafts; and C. Hitchcock patiently prepared 
the manuscript. Financial support was provid- 
ed by the U.S. Dep. of Inter., Miner. Manage. 
Serv. (formerly Bur. of Land Manage.) under 
contracts AA550-CT7-36 and 14-12-0001-29090 
with the Univ. of California. 

METHODS 

Controlled Experiments 
We made a series of counts simultaneously 

from ship and airplane during 1975 and 1976 
to: (1) compare estimates of bird density and 
species composition between platforms; and (2) 
estimate within-sample variance. We limited 
these "controlled" counts to areas and times 

having ideal observation conditions: winds <10 
km/hour, seas <1.5 m in height, and visibility 
>10 km. Shipboard observers scanned strips 400 
m to each side of a 20-m vessel moving at 18- 
22 km/hour; observer height was 5 m. Records 
indicated in which of four distance zones (0- 
50 m, 51-150 m, 151-400 m, 400+ m) each 
sighting occurred; the outermost zone was con- 
sidered "off transect." Estimates of density were 
made by dividing numbers of birds observed 
by the area surveyed in transect segments of 
fixed length. Ship segments were 11.1 km in 
length during controlled experiments and were 
7.4 km during regional surveys under uncon- 
trolled field conditions. Birds following the ship 
were counted at the start of the segment, then 
visually rechecked every few minutes to avoid 
duplicate counts. No corrections were made for 
flying vs. swimming birds. 

Several authors have concluded that under 
most observation conditions, inconspicuous birds 
cannot be censused efficiently beyond 100-175 
m from a ship (Dixon 1977, Briggs et al. 1981, 
Tasker et al. 1984). Accordingly, we used over- 
lapping corridors of different widths to estimate 
density. For large, conspicuous birds, densities 
were calculated from sightings within the full 
800-m corridor (beam to beam, 400 m to each 
side). For inconspicuous species (which we re- 
fer to as "small birds"), including storm-petrels 
(Oceanodroma spp.), small grebes (Podiceps 
sp.), phalaropes (Phalaropus spp.), and small 
alcids (primarily Cassin's auklet [Ptychoram- 
phus aleuticus], Xantus' murrelet [Synthlibo- 
ramphus hypoleucus], and rhinoceros auklet 

[Cerorhinca monocerata]), we used only sight- 
ings occurring within the first 150 m laterally 
(300 m total width). At least two experienced 
observers simultaneously contributed sightings 
during all ship counts. Lateral transect bound- 
aries were estimated frequently with the aid of 
a split-image range-finder and probably were 
accurate to +10%. 

Aerial counts were made from a Cessna 337 

"Skymaster," flying at 60 m altitude and 165 
km/hour; observations were recorded orally on 
cassette tapes. The transect corridor was 50 m 
wide and was determined by inclinometer 
measurements and trigonometric functions; ap- 
propriate marks were drawn on the aircraft 
window. During the controlled experiments, 
transects for both ship and aircraft were ori- 
ented east and west. By altering seating ar- 
rangements, the aerial observer scanned a glare- 
free field of view in either direction of travel. 
Aerial segments were 18.5 km in length. One 
experienced observer made all aerial counts. 

In experiments during February 1976, the 
vessel and airplane surveyed over two parallel 
lines separated by 1.9 km; initial line selection 
and direction of travel were determined at ran- 
dom, and the two platforms met six times with- 
in 4 hours. In December 1975 and January 1976, 
the vessel and airplane each surveyed a single 
transect, passing near the midpoint. References 
to "replicate" counts indicate that a given plat- 
form resurveyed exactly the same line, to the 
extent allowed by navigational accuracy. 

Regional Comparisons 
The results of standardized ship and air sur- 

veys made every few weeks by the same ob- 
servers were used to compare density estimates 
under normal field conditions. Data were se- 
lected from surveys in the area bounded by 338" 
and 34"N latitude and by 119" and 120"W lon- 
gitude, in the central portion of the California 
Bight. Mean densities for each species or group 
were calculated for all transect segments in each 
cell of a 10' by 10' latitude-longitude grid; grid- 
cell averages then were combined into regional 
survey means. Comparisons were limited to 
surveys occurring not more than 10 days apart, 
during which at least 10 of the possible 36 grid- 
cells were visited both by ship and aircraft, un- 
der at least moderate observation conditions 
(maximum seas 3 m, maximum winds 30 km/ 
hour, minimum visibility 4 km). Each survey 
sampled both across and along gradients of 
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Table 1. Comparison of mean densities of birds during near-simultaneous air and ship counts. For each ship sample, six 
segments were surveyed, totalling 66.6 linear km, and aerial samples included six samples totalling 111 km, California Bight. 

Average 
time Correlation (r) between 

Mean density + SD separa- ship-air segment counts Significance of Wilcoxon test 
tion 

Date Large birds Small birds (hours) Large bird Small bird Large bird Small bird 

16 Dec 1975 
Ship 1.79 + 1.47 0.29 + 0.31 2.2 - 0. 09 0.39 0.016 0.016 Air 5.42 ? 3.48 1.81 + 1.51 

6 Jan 1976 
Ship 2.20 + 1.64 3.78 ? 5.59 1.9 0.22 0. 28 0.016 0. 039 Air 9.94 ? 5.93 13.96 + 12.56 1.9 0.22 0.28 0.016 0.039 

12 Feb 1976 

Ship 4.73 + 4.54 0.84 + 0.72 hi .7 4.5 0.84 ? 0. 0.2 0.56 0.77 >0.10 0.016 Air 15.41 ? 13.11 5.38 ? 4.81 

water depth, distance from shore, and water 
temperature; we excluded all segments within 
8 km of land to minimize possible bias associ- 
ated with close approach to active seabird col- 
onies. Within the area of regional comparisons, 
minimum and maximum monthly distances 
surveyed from the air were 185.2 and 667.2 
linear km and from the ship were 88.9 and 
244.5 km. 

Because of small sample sizes, we used non- 
parametric Wilcoxon signed-rank tests to assess 
significance of differences in the controlled ex- 
periments. For the larger samples in regional 
comparisons, we used mixed-model, two-way 
ANOVA, with unequal but proportional sample 
sizes (Sokal and Rohlf 1981). Unequal variances 
calculated for some surveys were eliminated by 
square-root transformation. 

RESULTS 

Controlled Experiments 
Nearly simultaneous counts were made in 

1975 and 1976 in areas having ideal conditions 
and low or moderate bird densities (average 
densities all <25 birds/km2). Gulls (Larus spp. 
and black-legged kittiwake [Rissa tridactyla]) 
and alcids (especially common murre [Uria 
aalge], Cassin's auklet, and rhinoceros auklet) 
predominated numerically in this wintering 
avifauna. Among transect segments paired by 
time (six segment pairs on each date, 0-4.0 hours 
separation between platform passes), we found 
that aerial observers reported considerably 
higher mean densities than did ship observers 
(Table 1). For gulls, pelicans (Pelecanus spp.), 
fulmars, and other large species, mean ship 
densities averaged less than one-third aerial 

densities, whereas for smaller, difficult-to-de- 
tect species, ship densities were only one-fourth 
as high. In December and January, density dif- 
ferences between platforms for both large and 
small birds were highly significant (Wilcoxon 
tests, P < 0.025). In February, the aerial counts 
yielded higher small bird figures (P = 0.0156), 
whereas for large birds, the between-platform 
difference was not significant (P > 0.10). By 
considering ship observations made only in the 
innermost 150 m of the surveyed strip, calcu- 
lated densities of large birds increased by 46%, 
but still fell well below densities from the nar- 
rower aerial corridor. Similarity between plat- 
forms in densities calculated for individual seg- 
ments varied inversely with delay between 
counts; correlations were as poor as r = -0.09 
for large birds at average delays of 2.2 hours 
(Dec) and as high as r = 0.77 for small bird 
counts at an average delay of 0.2 hours. We 
detected no consistent trend toward lower den- 
sities with increasing numbers of replicate ae- 
rial counts, nor did ship counts decline in the 
minutes after aircraft passes. Either condition 
might imply interference, or statistical depen- 
dency, between survey modes. 

In both types of survey, we found moderate 
to large standard deviations among replicate 
counts. Coefficients of variation for two to six 
aerial replicates ranged from 3.8 to 89.4%; this 
variation was independent of mean density, time 
delays, and number of replications (Table 2). 
Because of relatively slow speed, immediate 
replications of counts along fixed transects are 
more difficult to obtain using ships than air- 
planes. However, for the February experiment 
(one line traversed six times in 3.5 hours) the 
CV was 85.2%; Table 3). Increased delays be- 
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Table 2. Coefficients of variation from replicated aerial counts 
made with time delays (start of first count to start of last) of 
0.2-2.2 hours, California Bight. 

Tran- 
sect N Time ? 

length repli- delay density 
Date (km) cates (hours) (birds/kinm2) CV 

23 Jan 1976 24.0 2 0.2 13.5 3.8 
27.7 2 0.6 9.7 14.6 

12 Feb 1976 18.5 2 0.6 5.0 60.0 
18.5 2 1.5 4.0 89.4 
18.5 6 2.2 20.8 76.4 

8 Jan 1977 18.5 6 2.1 190.5 26.0 

tween ship counts (6-24 hours) yielded CV's in 
about the same range as for immediate aerial 
replicates (1.9-53.2%). Due to changes in sur- 
vey conditions, replicate aerial counts with de- 
lays of this length (24 hours) were not obtained. 
Mobile bird populations easily might change in 
density, flock locations, or composition within 
2-3 hours, and it may be impossible to precisely 
duplicate survey line coverage at sea. Because 
of this, it is not at all clear whether the precision 
of density estimates from either platform can 
be improved (i.e., reduce variance) by making 
additional replicate counts in a specified area. 

Ship observers were more precise in bird 
identifications. On average, 95.7% of all birds 
were identified to species from'the ship, where- 
as in aerial counts the comparable average was 
86.7% (Table 4). About the same numbers of 
total taxa (including "unidentified" categories) 

Table 3. Effect of time delays on coefficient of variation from 
replicated ship counts. Transects were 7.4 km in length and 
featured 150-m lateral strips (300 m total width) for inconspic- 
uous birds and 400-m lateral strips (800 m total width) for 
conspicuous birds, California Bight. 

Time density 
delay N (birds! 

Date (hours) counts km2) CV 

12 Feb 1976 3.5 6 5.6 85.2 
6.3 2 6.7 5.1 
7.4 2 9.5 53.2 
8.3 2 3.2 25.6 
9.3 2 5.9 1.9 

10.1 2 4.3 4.7 
12-13 Feb 1976 23.9 2 6.0 15.6 

23.9 2 5.2 15.6 
23.9 2 5.0 20.7 
23.9 2 11.7 23.7 
24.0 2 5.7 11.9 

were noted, though ship observers recorded 
more individual species in December. 

The composition of counts made from the 
two platforms was similar on a percentage ba- 
sis, although aerial densities for each species 
group were somewhat higher than those from 
the ship (Table 5). Ship observers consistently 
reported higher proportions of gulls, probably 
resulting from attraction of gulls to the vessel 
and our inability to completely eliminate re- 
counts of ship-followers. Among the inconspic- 
uous seabirds, aerial observers reported a higher 
proportion and higher density of small grebes. 
Densities of alcids were highest among aerial 

Table 4. Comparison of densities (birds/km2, SE in parentheses) of eight groups of birds derived from ship and aerial counts 
over the same transects. The geographic unit of calculation is the transect segment. Data here include the more limited sample 
in Table 1, California Bight. 

Densities (birds/km2) (SD) 

Linear Fulmars 
distance and Pelicans, 
covered Small shear- cor- 

Month Type (km) Loons grebes waters morants Jaegers Gulls Alcids Others 

Dec 1975 Ship 118.6 0.02 0.01 0.12 0.37 0.04 3.95 0.51 0.13 
(0.02) (0.01) (0.05) (0.18) (0.02) (1.57) (0.21) (0.11) 

Air 216.0 0.95 1.20 0 1.12 0.09 7.74 0.34 0 
(0.48) (0.86) (0.51) (0.08) (1.41) (0.17) 

Jan 1976 Ship 88.9 0.03 0 0.04 0.01 0.03 3.06 3.38 0 
(0.02) (0.02) (0.01) (0.02) (0.94) (2.17) 

Air 99.6 1.01 0 0.60 0 0 8.43 10.44 0 
(0.48) (0.41) (2.29) (4.82) 

Feb 1976 Ship 88.8 0.04 0 0.04 0.11 0.18 2.80 0.79 0 
(0.04) (0.02) (0.08) (0.06) (0.38) (0.31) 

Air 148.16 0 0 0.81 0.27 0.41 10.12 4.59 0 
(0.28) (0.27) (0.28) (3.77) (1.55) 
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Table 5. Precision of identifications attained by ship and aerial observers over the same survey tracks, California Bight. 

Total birds Total 
Total species identified to identified at % specific 

Month Platform Taxa seen identified species level genus or family identifications 

Dec 1975 Ship 21 17 441 22 95.2 
Air 18 12 838 33 96.2 

Jan 1976 Ship 13 9 676 35 95.1 
Air 14 9 82 25 77.3 

Feb 1976 Ship 13 11 349 12 96.7 
Air 14 11 144 22 86.7 

counts for two of three dates, but alcids were 
proportionately more prominent in ship counts 
on one date, in air counts on one date, and were 
about equal in the January counts. Shipboard 
observers noted that even under conditions of 
low swells and excellent visibility, some small 
alcids probably were being hidden from view 
in the outer portions (>100 m) of the searched 
corridor. The aerial corridor was narrow enough 
(50 m) that habitat screening was not a signif- 
icant factor, and under the ideal conditions pre- 
vailing during these tests, the splashing that is 
characteristic of avoidance (diving) behavior of 
alcids actually called the observer's attention to 
the birds' presence. 

Regional Comparisons 
Seldom is it feasible to limit surveys over 

broad offshore areas to observation conditions 
as benign as those described for our controlled 
experiments. How comparable, then, are data 
taken by ship and aerial observers under con- 
ditions of changing light, surface weather, and 
observer fatigue? We sought an answer among 
the results of surveys made during 1975-78 in 
a well-sampled area lying at the eastern edge 
of the California current. 

Data are presented for five species or groups 
that were relatively numerous and that repre- 
sent a spectrum of plumage and behavioral 
characteristics affecting conspicuousness and 
thus relative detection distances (Wiens et al. 
1978). By virtue of large size, light adult body 
plumage, and aerial foraging habits, western 
gulls (Larus occidentalis) are the most conspic- 
uous of the species, followed by the similar- 
sized but predominantly dark shearwaters 
(primarily Puffinus griseus). Phalaropes, storm- 
petrels, and small alcids represent a range of 
conspicuousness among small seabirds (50- 
150 g), from the light-colored phalaropes to the 
primarily dark, primarily swimming and div- 

ing alcids. We expected density to be most vari- 
able geographically and potentially most dis- 
similar between platforms for shearwaters and 
phalaropes, because these species form ex- 
tremely large flocks and migrate rapidly through 
the region. The gulls, storm-petrels, and alcids 
exhibit less seasonal variation in population 
numbers (Briggs et al. 1981), do not form such 
large flocks, and maintain modest nesting pop- 
ulations (102 to 2 x 10 birds) near the surveyed 
area. Regional densities are compared by 
ANOVA for 7-10 months (Table 5). Three ma- 
jor sources of variation in bird density are pres- 
ent in each analysis: error mean squares were 
not tabulated but include primarily the vari- 
ance due to the degree of clumping and geo- 
graphic concentration of birds during a given 
survey. Between-platform (ship vs. air) and be- 
tween-month variation (i.e., changes in mean 
density in accordance with stage of annual 
cycle) are the two main treatments. 

Geographic variation in density during a giv- 
en survey and variation in density between 
months were almost always greater than vari- 
ation between platforms in a given month. 
Monthly variation related to annual cycles was 
significantly greater than variation within the 
region during a given survey (i.e., high F ratios 
of mean squares for months: error mean 
squares). In no case was there a significant dif- 
ference between platforms in a given month. A 
significant interaction between platforms and 
months was obtained for ship data on storm- 
petrels. Ship observers saw more petrels in 
April-June when the birds formed conspicuous 
flocks numbering 5-50 individuals. 

If ship and aerial observers perceive bird 
densities equally during regional surveys, we 
should expect a regression of ship and air den- 
sities matched by time to approximate a slope 
of 1:1. In fact, 95% confidence limits of slopes 
of regressions calculated by Bartlett's three- 
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Table 6. Analysis of variance (F ratios) in mean regional densities of five species or groups of species. Surveys occurred off 
southern California in 1975 and 1976. 

Small alcids Storm-petrels Phalaropes Shearwaters 
Source (4 spp.) (4 spp.) Western gull (2 spp.) (3 spp.) 

Platform type 0.01 0.03 0.40 2.30 0.40 
Month 13.20**"* 244.71"*** 3.61** 8.44*** 5.88*** 
Interaction 1.41 4.00*** 0.89 1.33 0.52 
Sample size 

(months) 7 7 8 10 9 
a *** p < 0.001, ** P < 0.01. 

group method (Sokal and Rohlf 1981) from the 
regional data all overlap the theoretical value 
of 1.0. Thus, during our regional surveys of 
densities of these five species groups, ship and 
aerial results were statistically indistinguish- 
able. 

DISCUSSION 

Our findings provide a first, quantitative in- 
dication of differences and similarities between 
open-ocean surveys from vessels and aircraft. 
The data were drawn from limited samples ob- 
tained under restricted circumstances. In si- 
multaneous survey experiments, we used rest- 
ed, experienced observers and sought out ideal 
observation conditions and low or moderate 
densities of birds. Additionally, the tests were 
made away from land and in winter. For many 
pelagic, wintering species, these last limitations 
preclude periodic visits by birds to shoreline 
roosts and, thus, the accompanying diel pattern 
in offshore habitat occupancy that might con- 
found density analyses at different times of day. 
Regional comparisons were made under con- 
ditions more closely approximating normal sur- 
vey operations, but also occurred away from 
colonies and roosts and where overall bird den- 
sity was low or moderate. To the extent that 
the imposed limitations influence survey effi- 
ciency, our findings may generalize to only a 
subset of possible survey conditions. Clearly, a 
great deal of additional work in this area will 
be required before the strengths and limitations 
of the two types of survey are fully understood. 

We obtained conflicting results regarding 
comparability of density estimates from the two 
platforms. In controlled experiments, ship den- 
sities generally were significantly lower than 
aerial densities. This result is surprising, in view 
of the short detection times available to aerial 
observers. The most important consideration 
here appears to be sighting inefficiency in the 

outer portions of the ship corridor. This results 
from the combined deleterious effects of habi- 
tat screening (especially of swimming alcids) 
and decreasing target size with distance. To the 
unaided eye, sightings at the outer edge of the 
400-m ship corridor are four times more distant 
than birds at the extremity of the 50-m aerial 
strip (400 vs. 105 m). We have found corridor 
width to significantly influence reported bird 
density from an airplane (Briggs et al. 1985), 
and we suspect that as more data become avail- 
able (e.g., Dixon 1977, Tasker et al. 1984), this 
effect will be documented for vessel surveys as 
well. 

In contrast to the simultaneous experiments, 
the regional comparisons indicated that density 
differences between platforms in a given month 
were not significant compared to variance at- 
tributable to annual cycle, geographic patchi- 
ness, or sampling error. Bird densities reported 
in geographically broad surveys were indepen- 
dent of the sampling method. 

Because other aspects of the experiments and 
the regional surveys were constant, we surmise 
that the discrepancy was a function of observers 
and viewing conditions. We had ideal sighting 
conditions and used rested observers in test pe- 
riods of <4 hours. We also experienced change- 
able conditions leading to observer fatigue a 
few hours into successive 7-hour work days. Ap- 
parently, fatigue and suboptimal conditions in 
regional surveys combined to limit aerial ob- 
server efficiency to levels characteristic of ship 
observers. If correct, this interpretation rein- 
forces the notion that survey efficiency is criti- 
cally dependent upon protocols and assump- 
tions (Wiens et al. 1978, Tasker et al. 1984, 
Briggs et al. 1985). 

Levels of precision in identification reported 
here are higher than those reported by Savard 
(1982), who employed unbounded (broad) 
search corridors on both sides of an airplane. 

This content downloaded from 128.114.34.22 on Sun, 2 Nov 2014 12:28:57 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


J. Wildl. Manage. 49(2):1985 SHIP/AERIAL BIRD SURVEYS * Briggs et al. 411 

This appears to be one effect of declining av- 
erage target size with increasing width of the 
searched corridor. 

The present knowledge of offshore survey 
characteristics allows for some general guide- 
lines for sampling design. Except for studies of 
single species of conspicuous birds (albatross 
[Diomedea spp.], pelicans, large gulls), it seems 
that highest reported densities are obtained from 
both platforms using the narrowest practicable 
search corridor. Under the present protocols, 
the two types of survey produce similar region- 
al density and composition figures, but at dif- 
ferent levels of precision and at different sam- 
pling rates. Thus, the speed and breadth of 
coverage afforded by the airplane may best be 
used to obtain synoptic views of population 
density and distribution, to assess general species 
composition, and to ascertain areas of bird con- 
centration and rarity. Because of longer view- 
ing times, rare birds, and groups such as storm- 
petrels, gulls, terns, and alcids having plumages 
that are difficult to discriminate, are most effi- 

ciently identified from a ship. A ship might best 
be used to collect biological materials, to make 
detailed observations of species composition and 
behavior, and simultaneously to gather hydro- 
graphic information in areas of special interest, 
such as seabird feeding grounds. On this basis, 
the investigator may choose the platform that 
optimizes cost, operating range, and time con- 
straints, and that achieves the desired level of 
specific identifications and requirements for 
correlative environmental information. 
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