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FIGURES

FIGURE 1. The study area in the eastern tropical Pacifi c Ocean, including locations 
(shown with dots) where birds were collected. The horizontal dashed line 
separates the Equatorial Countercurrent from the South Equatorial Current 
(Tropical Front); and the vertical line separates east from west as referred to in 
the text. The staircase line effect along the coast on the east side of the study 
area denotes the boundary separating pelagic waters (to the west) and coastal 
waters to the east. Shading indicates large-scale patterns of ocean productivity: 
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the three gradations shown are, darker meaning higher values: <200, 201–300, 
and >300 mgC m-2 d-1 (from Longhurst and Pauly 1987, p. 122). ............................

FIGURE 2. The distribution of at-sea survey effort of seabirds in the eastern 
Pacifi c Ocean (1983–1991). Each dot represents one noon ship position. 
The staircase line effect along the coast on the east side of the study area 
denotes the boundary separating pelagic waters to the west and coastal 
waters to the east ...........................................................................................................

FIGURE 3. Results of the PCA comparing diets among 30 species of seabirds from 
the ETP. Diets of species enclosed in the same circle were not signifi cantly 
different (Sidak multiple comparison tests, P > 0.05). BORF = Red-footed Booby 
(Sula sula), BOMA = Masked Booby (S. dactylatra), BONA = Nazca Booby 
(S. granti), FRGR = Great Frigatebird (Fregata minor), JAPA = Parasitic Jaeger 
(Stercorarius parasiticus), PEBU = Bulwer’s Petrel (Bulweria bulwerii), PTBW = 
Black-winged Petrel (Pterodroma nigripennis), PTDE = DeFilippi’s Petrel 
(Pterodroma defi lippiana), PTHE = Herald Petrel (Pterodroma arminjoniana), PTJF = 
Juan Fernandez Petrel (Pterodroma externa), PTKE = Kermadec Petrel (Pterodroma 
neglecta), PTMU = Murphy’s Petrel (Pterodroma ultima), PTPH = Phoenix Petrel 
(Pterodroma alba), PTSJ = Stejneger’s Petrel (Pterodroma longirostris), PTTA = 
Tahiti Petrel (Pterodroma rostrata), PTWN = White-necked Petrel (Pterodroma 
cervicalis), PTWW = White-winged Petrel (Pterodroma leucoptera), SHCH = 
Christmas Shearwater (Puffi nus nativitatus), SHSO = Sooty Shearwater (Puffi nus 
griseus), SHWT = Wedge-tailed Shearwater (Puffi nus pacifi cus), STMA = 
Markham’s Storm-Petrel (Oceanodroma markhami), STWR = Wedge-rumped 
Storm-Petrel (Oceanodroma tethys), STLE = Leach’s Storm-Petrel (Oceanodroma 
leucorhoa), STWB = White-bellied Storm-Petrel (Fregetta grallaria), STWF = 
White-faced Storm-Petrel (Pelagodroma marina), STWT = White-throated Storm-
Petrel (Nesofregetta fuliginosa), TEGB = Gray-backed Tern (Onychoprion lunatus), 
TESO = Sooty Tern (Onychoprion fuscatus), TEWH = White Tern (Gygis alba), 
TRRT = Red-tailed Tropicbird (Phaethon rubricauda) ................................................

FIGURE 4. Percent of each of eight prey groups in the diet of seven smaller species 
of petrels, which feed solitarily in the ETP. Percent was calculated as the total 
number of prey representing a given prey group divided by the total number of 
prey summed across all eight prey groups in a given seabird species’ diet. Values 
of N (in parentheses) are the number of birds containing at least one prey item. 
Error bars denote the standard error. See Methods for details on classifi cation of 
the eight groups of prey species, and Appendices 3–9 for detailed prey lists ..........

FIGURE 5. Diet composition of the eight medium-sized petrels, most of which feed 
solitarily in the ETP. For each seabird species, percent was calculated as the total 
number of prey representing a given prey group divided by the total number 
of prey summed across the eight prey groups in a given seabird species’ diet. 
Values of N (in parentheses) are the number of birds containing at least one 
prey item. Error bars denote the standard error. See Methods for details on 
classifi cation of the eight groups of prey species, and Appendices 10–17 for 
detailed prey lists and predator sample sizes ...........................................................

FIGURE 6. Diet composition of the 15 species of birds that generally feed over 
surface-foraging tuna in the ETP. For each seabird species, percent was 
calculated as the total number of prey representing a given prey group divided 
by the total number of prey summed across the eight prey groups in a given 
seabird species’ diet. Values of N (in parentheses) are the number of birds 
containing at least one prey item. Error bars denote the standard error. See 
Methods for details on classifi cation of the eight groups of prey species, and 
Appendices 18–32 for detailed prey lists and predator sample sizes .....................
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FIGURE 7. Results of the PCA to compare diets between sexes for each of 10 
species of seabirds in the ETP. See Fig. 3 for species codes (fi rst four letters). 
The fi fth letter in the code designates female (F) or male (M). Diets of species 
enclosed in the same circle did not differ signifi cantly between sexes (Sidak 
multiple comparison tests, all P > 0.05). Differences among species are not 
shown (see Fig. 3 for those results) .............................................................................

FIGURE 8. Results of the PCA to compare diets between spring and autumn for 
each of 10 species of seabirds in the ETP. See Fig. 3 for species codes (fi rst four 
letters). The fi fth and sixth letters in the code designate spring (SP) and autumn 
(AU). Diets of species enclosed in the same circle did not differ signifi cantly 
between seasons (Sidak multiple comparison tests, all P > 0.05). Differences 
among species are not shown (see Fig. 3 for those results) .....................................

FIGURE 9. Results of the PCA to compare diets of 10 species of seabirds between 
the South Equatorial Current and North Equatorial Countercurrent. See Fig. 3 
for species codes (fi rst four letters). The fi fth letter in the code designates current 
system; S = South Equatorial Current, or N = North Equatorial Countercurrent. 
Diets of species enclosed in the same circle did not differ signifi cantly between 
current systems (Sidak multiple comparison tests, all P > 0.05). Differences 
among species are not shown (see Fig. 3 for those results) .....................................

FIGURE 10. Percent of eight different categories of prey in the diets of different 
species of seabirds occurring within different current systems, longitudinal 
sections, or during La Niña vs. El Niño. See Methods for details on divisions for 
these waters or temporal periods. For current system, longitudinal section, and 
ENSO phase, the light bars designate the SEC, East, and El Niño, respectively; 
and the dark bar designates the NECC, West, and La Niña ....................................

FIGURE 11. Results of the PCA to compare diets between east and west 
longitudinal portions of the ETP for each of 10 species of seabirds. See Fig. 3 
for species codes. The fi fth letter in the code designates east (E) or west (W). 
Diets of species enclosed in the same circle did not differ signifi cantly between 
longitudinal sections (Sidak multiple comparison tests, all P < 0.05). Differences 
among species are not shown (see Fig. 3 for those results) .....................................

FIGURE 12. Results of the PCA to compare diets between El Niño and La Niña for 
each of 10 species of seabirds in the ETP. See Fig. 3 for species codes. The fi fth 
letter in the code designates El Niño (E) or La Niña (L). Diets of species enclosed 
in the same circle did not differ signifi cantly between the two ENSO phases 
(Sidak multiple comparison tests, all P < 0.05). Differences among species are 
not shown (see Fig. 3 for those results) ......................................................................

FIGURE 13. A) Shannon-Wiener diet-diversity indices (H’ ) for species of seabirds 
in the ETP having sample sizes (number of birds containing prey) ≥9. See Table 
3 for species’ sample sizes; Fig. 3 for species code defi nitions. B) Mean H’ ± SD 
among six groups of ETP seabirds ..............................................................................

FIGURE 14. (a) Average otolith length (millimeters) of 10 species of prey taken by 
fi ve species of seabirds that feed on smaller fi shes. Predator species’ bars for 
each prey species are from left to right (in order of increasing predator mass): 
Wedge-rumped Storm-Petrel (Oceanodroma tethys), Leach’s Storm-Petrel (O. 
leucorhoa), Black-winged Petrel (Pterodroma nigripennis), White-winged Petrel 
(P. leucoptera), Tahiti Petrel (P. rostrata). (b) Average otolith or beak length 
(millimeter) of three species of prey taken by six species of seabirds that feed on 
larger prey. Predator species’ bars are from left to right (in order of increasing 
mass): Sooty Tern (Onychoprion fuscata), Wedge-tailed Shearwater (Puffi nus 
pacifi cus), Juan Fernandez Petrel (Pterodroma externa), Red-tailed Tropicbird 
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(Phaethon rubricauda), Nazca Booby (Sula granti), Masked Booby (Sula dactylatra). 
See Appendices for prey sample sizes ........................................................................

FIGURE 15. Stomach fullness (mean ± SE) of 29 species of seabirds in the ETP 
(Nazca booby [Sula granti] excluded; see Methods). Stomach fullness is the mass 
of food in the stomach divided by the fresh mass of the predator (minus mass of 
the food) multiplied by 100. See Table 2 for approximate sample sizes. Verticle 
line projecting from x-axis separates fl ock-feeding species (left side) from 
solitary feeding species (right side) ............................................................................

FIGURE 16. Otolith condition (mean ± SE) in relation to hour-of-day among fi ve 
groups of seabirds: (a), myctophids caught by storm-petrels, (b), myctophids 
caught by solitary procellariids, (c), myctophids caught by fl ocking 
procellariids, (d), exocoetid-hemiramphids caught by fl ock-feeders; and (e), 
diretmids, melamphaids, and bregmacerotids caught by all procellariiforms. 
Otolith condition 1 represents pristine otoliths of freshly caught fi sh and 4 
represents highly-eroded otoliths of well-digested fi sh. Numbers adjacent to 
means are otolith sample sizes, where one otolith represents one individual fi sh 
(see Methods). For myctophids, diretmids, melamphaids, and bregmacerotids, 
the line of best fi t (solid line) was extrapolated (dashed line) to the x-axis at 
otolith condition 1, and gives an estimate of the average hour when fi sh were 
caught by the seabirds ..................................................................................................

FIGURE 17. Number of intact prey representing six prey groups present in the 
stomachs of fl ock-feeding species (top two graphs) and storm-petrels (bottom 
four) in relation to time-of-day that the birds were collected .................................

FIGURE 18. Percent composition of the seven most frequently consumed prey 
species within the diets of seabirds feeding in fl ocks over yellowfi n (Thunnus 
albacares) (light bar, N = 11 fl ocks) and skipjack tuna (Euthynnus pelamis) (dark 
bar, N = 7 fl ocks). For a given fl ock type, percentages are the number of prey of 
a given prey species divided by the total number of prey representing all seven 
prey species multiplied by 100. Number of prey for the seven prey species was 
471 individuals from birds collected over yellowfi n tuna, and 206 prey from 
birds collected over skipjack tuna ...............................................................................

FIGURE 19. Proportion of prey mass obtained by each of three species groups 
when using four feeding strategies. Feeding over predatory fi sh is denoted by 
predatory fi sh; NCI = non-cephalopod invertebrates ..............................................
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