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INTRODUCTION

Seabirds often live in seasonal environments where the timing 
of breeding (i.e., laying date, chick rearing) is key to ensuring 
reproductive success (Perrins 1970, Verhulst & Nilsson 2008). 
Many seabirds follow seasonal pulses, matching their breeding 
events with peaks in ocean productivity when food is abundant 
enough to maintain themselves and their chicks (Perrins 1970). 
Strong seasonality has been widely documented in seabirds 
breeding at high latitudes, where laying date, clutch size, and 
fledgling production are often strongly linked to food availability 
(Shultz et al . 2009, Hatch 2013, Gaston & Elliott 2014). Although 
tropical seabirds usually have longer breeding seasons, their timing 
of breeding and degree of reproductive success may be constrained 
by environmental conditions and food availability. For example, 
some tropical species like the Peruvian Booby Sula variegata and 
the Peruvian Pelican Pelecanus thagus adjust their timing so they 
can raise their chicks when food availability is higher (Passuni 
et al . 2016). Other booby species fail at (Nazca Booby S . granti; 
Champagnon et al . 2018) or skip (Red-footed Booby S . sula; 
Cubaynes et al . 2011) reproduction during unfavorable conditions 
like El Niño events. 

The Pacific coast of Central America is a highly dynamic 
environment (O’Dea et al . 2012), where strong winds from the 
Caribbean drive seasonal upwelling in certain regions along the 
Pacific coast (Xie et al . 2005). In the Gulf of Panama, upwelling 

occurs during January to May (dry season). This causes its usually 
warm surface waters (sea-surface temperature (SST)  >  27  °C; 
annual range 18.0–27.7  °C) to cool, promoting enrichment of 
nutrients (nitrate, phosphate, orthosilicic acid) in the euphotic 
zone. Part of this response is a peak in surface chlorophyll-α 
concentration (1.5 mg/m3, annual range 0.24–1.44 mg/m3; D’Croz 
& O’Dea 2007). These changes in temperature, nutrient availability, 
and phytoplankton concentration promote zooplankton growth 
(Forsbergh 1969, D’Croz & O’Dea 2007), which is positively 
correlated with fish abundance (Forsbergh 1969). Thus, such 
seasonality could potentially affect upper trophic level predators 
such as seabirds and marine mammals (Thompson et al . 2012), 
including the Brown Booby S . leucogaster, a pan- and sub-tropical 
species (Schreiber & Norton 2020).

The Brown Booby is a long-lived seabird in which members of 
colonies tend to breed asynchronously, meaning there can be a 
drawn-out nesting season for a given colony (Nelson 1978). As 
summarized by Nelson, this booby lays clutches of 1–2 eggs. Pairs 
share parental care during 42 ± 3 days of incubation and up to five 
months of brood care, and typically only one offspring survives per 
reproductive attempt. The species nests along the coast of the Gulf 
of Panama (Fig. 1), mainly from December to August; a dozen or 
so breeding pairs are found the rest of the year (HMG pers. obs.). 
Nesting occurs within a variety of habitats, including flat areas with 
low-growing shrubs and cacti as well as on rocky cliff faces. This 
booby feeds mainly on fish along this coast, though specific prey 
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species are unknown. It appears that Gulf of Panama seabirds breed 
annually in response to environmental fluctuations associated with 
seasonal upwelling, which generally occurs from January to May 
(D’Croz & O’Dea 2007). However, the environmental signals that 
influence breeding remain unknown. 

In this study, we investigated the potential effects of upwelling on 
the reproductive success of the Brown Booby in the Gulf of Panama. 
We monitored nests exposed to upwelling and downwelling 
conditions at Bona Island during the 2019 breeding season to test 
whether estimated offspring survival probability differed between 
upwelling or downwelling conditions. We chose to investigate 
the early life stage (egg/chick), and we predicted that survival 
probability would decrease as upwelling diminished, due to less 
favorable environmental conditions.

METHODS

Field work

Bona Island (08°34′25.09″N, 079°35′25.99″W) is a small island 
of 74.7  ha (0.747  km2) located 40  km south of Panama City, 
Panama. Here, we monitored 61 nests (53 unsuccessful and 
8 successful) between 02 April and 23 August 2019 (Fig.  1). 
This island is considered an Important Bird and Biodiversity 
Area (Angehr 2003, Angehr & Kushlan 2007) and has recently 
been declared a Wildlife Refuge by the Panamanian authorities 
(Ministerio de Ambiente 2019). All monitored nests were located 
in an area measuring 17.85  m2, which contained ~80% of all 
breeding Brown Booby pairs in the colony. During this period, 
members of this colony experienced both upwelling (January 
to May) and downwelling (June to December) conditions 
(D’Croz & O’Dea 2007). We registered the GPS location of 
each monitored nest and recorded the number of eggs, chicks, 

and fledglings on a weekly basis or when conditions allowed it. 
To estimate the age of each fledgling, we used a photographic 
record of each chick at the nest, as well as the minimum laying 
date or hatching date (~42 days since egg laying; Nelson 1978). 
We considered a breeding attempt successful if a fledgling 
(~90 days old) was recorded in the nest. 

Remote sensing

We characterized the oceanographic conditions for one year 
(August 2018 to August 2019) in waters adjacent to Bona Island 
using remote-sensing information obtained directly from the 
website of NOAA’s Environmental Research Division Data Access 
Program (Simons 2020). Upwelling was estimated using eight-day 
averages of Ekman’s upwelling measures, which were downloaded 
from the Metop-B ASCAT satellite with a 0.25° resolution. To 
determine if other climatic variables had an effect on reproductive 
success, we estimated daily measures of rainfall (CHIRPS station, 
0.05° resolution) and eight-day averages of SST, chlorophyll-α 
concentration (Aqua MODIS satellite, 0.03° resolution), wind 
speed, and wind direction (Metop-B satellite, 0.25° resolution) for 
a grid of 0.5° latitude × 0.5° longitude. This grid size was based on 
the Brown Booby’s maximum foraging distance (50.6 ± 30.5 km; 
Gilmour et al . 2018). 

Statistical analysis

We used a sliding-window analysis (“climwin” package for R; van 
de Pol et al . 2016) to identify the climatic predictors that most 
strongly affected reproductive success. This exploratory approach 
considered environmental data for a whole year (i.e., the 365 days 
before the end of the sampling season) to identify the best possible 
window (see van de Pol et al . 2016, MacLeod et al . 2018). First, 
we used egg/chick survival probability as a proxy of reproductive 
success and built a Cox Proportional Hazard model to assess 
the time-dependent and time-independent factors that influenced 
survival probability. We selected a Cox model with laying date 
as a baseline to account for non-climatic effects on survival 
probability. We then built candidate models for each climatic 
variable and compared them against the baseline model to find the 
best descriptive metric (i.e., minimum, maximum, mean) and the 
form of the relationship (i.e., linear or quadratic expressions). Based 
on preliminary tests, we considered sliding windows (i.e., time 
periods relevant for a biological response) up to 12 weeks prior to 
the event of interest for all the climatic variables. We identified the 
best possible relative climatic window (i.e., one window for every 
individual) for each variable and ran randomized models to assess 
the likelihood that the best window was a result of over-fitting (van 
de Pol et al . 2016). We found a relevant climatic window for each 
of the six variables tested. 

To confirm the evidence for multiple climatic signals (i.e., critical 
climatic periods), the best climatic window identified was extracted 
for every variable. All variables were centered and a correlation 
matrix was used to detect collinearity among climatic variables. 
We then built a baseline model including laying date and created 
11 hypothesis-based climatic models without highly correlated 
variables in the same model. Models were ranked using the 
Akaike Information Criterion, and we selected all models within a 
cumulative Akaike weight of 0.95 (Burnham & Anderson 2002). All 
statistical analyses were conducted in R (v.4.0.2; R Development 
Core Team 2020).

Fig.  1. Location of the Brown Booby Sula leucogaster colony at 
Bona Island, Panama, in the Gulf of Panama. 
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RESULTS

The best supported models for egg/chick survival probability included 
laying date as well as maximum chlorophyll-α and minimum SST 
in its linear and quadratic expressions (Table  1). However, after 
model averaging, maximum chlorophyll-α (linear and quadratic 
expressions) was identified as the only climatic predictor for egg/
chick survival probability (Table 2; Fig. S1). Based on the sliding-
window analysis, maximum chlorophyll-α (linear and quadratic 
expressions) in the two to three weeks prior to the death of the egg/
chick had the strongest influence over survival probability (Fig. 2, 
S2). Survival probability was positively correlated with maximum 
chlorophyll-α (confidence interval CI(β)  = 0.19 to 2.54  mg/m3)  
and negatively correlated with (maximum chlorophyll-α)2 
(CI(β)  =  −4.19 to −0.31  mg/m3) (Table  2). The likelihood of a 
Brown Booby egg/chick dying increased when chlorophyll-α 

concentrations were between 0 and 0.58  mg/m3 and decreased at 
concentrations above 0.58 mg/m3 (Fig.  3). We did not find direct 
associations between survival probability and upwelling, SST, 
rainfall, wind speed, or wind direction. However, as expected, 
chlorophyll-α (maximum) and SST (mean) were highly correlated 
(r2 = −0.67), as were both variables relative to upwelling (r2 = 0.20, 
r2 = −0.33, respectively). In addition, survival probability decreased 
with later laying date (CI(β) = 0.43 to 1.74 days), indicating that 
chicks born earlier in the breeding season had higher chances of 
survival (Fig. 4, Table 2).

TABLE 1
Models used to explore variation in egg/chick survival probability with oceanographic conditions (n = 61)a

Model Fixed effectsb df logLikc AICc ΔAICc wi

1 LD + Chl + Chl2 3 −148 .69 303 .38 0 .00 0 .84

2 LD + SST + SST2 3 −150 .69 307 .39 4 .01 0 .11

3 LD + Rain + Rain2 3 −152.13 310.27 6.88 0.03

4 LD + Upwelling + Chl + Chl2 + Rain + Rain2 + WD 7 −148.20 310.45 7.070 0.02

5 LD + Upwelling 2 −159.91 323.83 20.45 0.00

6 LD + Upwelling + Chl + Rain + WD 5 −157.91 325.85 22.46 0.00

7 LD + WD 2 −163.22 330.44 27.06 0.00

8 LD + WS 2 −164.21 332.42 29.04 0.00

9 LD + Rain 2 −166.44 336.88 33.49 0.00

10 LD 1 −171.13 344.26 40.87 0.00

11 LD + Chl 2 −171.01 346.03 42.65 0.00

12 LD + SST 2 −171.08 346.17 42.78 0.00

a AIC: Akaike Information Criterion. Best-fitting models with a cumulative Akaike weight (wi) of ~0.95 are in italics.
b Chl: Chlorophyll-α concentration, LD: Laying date, Rain: Rainfall, SST: Sea-surface temperature, WD: Wind direction, WS: Wind speed
c logLik: Log-likelihood

TABLE 2
Summary of the averaged model explaining  

egg/chick survival probability (n = 61) 

Predictora β
Standard 

error

95% 
Confidence 

interval

Laying date 0 .98 0 .25 0 .48 to 1 .47

Maximum chlorophyll  
2–3 week (mg/m3)

1 .37 0 .60 0 .19 to 2 .54

Maximum chlorophyll  
2–3 week2 (mg/m3)

−2 .25 0 .99 −4 .19 to −0 .31

Minimum SST 8th week (°C) −0.36 0.99 −2.30 to 1.58

Minimum SST2 8th week (°C) −0.32 0.89 −2.07 to 1.43

a SST: Sea-surface temperature. Predictors in italics are the only 
ones with a statistically significant effect on survival probability.

Fig.  2. Heat map of ΔAICc (AICc of null model − AICc of 
climate model). The best window (in weeks) for chlorophyll-α 
concentration (quadratic expression) opened 3 weeks and closed 
2 weeks before the offspring died. The lowest Akaike Information 
Criterion values (ΔAICc, red region) indicate the strongest window 
compared to the baseline model (no climate effects).
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Periods of heavy rainfall occurred on 28 May, 23 July, and 30 July, 
during which the number of active nests at the colony decreased 
(Fig. 5); as ground-nesting birds, many nests were washed out by 
the heavy rainfall. Although rainfall was not selected in the best-
fitting models (Table  1), steep drops in the number of offspring 
occurred after each period of heavy rainfall (HMG pers. obs.; 
Fig. 5). Nest density was higher at the beginning of the season and 
gradually decreased as the season progressed, but with steep drops 
after heavy rainfall late in the season. 

DISCUSSION

Upwelling conditions throughout our study period positively 
influenced the reproductive success of Brown Boobies. This is 
consistent with observations of the species’ association with areas 
of strong upwelling conditions (Heatwole et al . 1997), as well as 
links between foraging strategy and prey availability (Castillo-
Guerrero et al . 2016). Although Brown Boobies have the capacity 
to breed almost all year around, those individuals breeding when 
local chlorophyll-α concentrations were higher had offspring 
with greater chances of survival. Chlorophyll-α concentration 
is strongly linked to upwelling conditions when SST is cooler 
and ocean productivity is higher. This would mean that the 
Brown Booby is following seasonal pulses, breeding when food 
availability is likely greater. Similar results have been found in other 
tropical seabirds. For example, the Guanay Cormorant Leucocarbo 
bougainvillii, Peruvian Booby, and Peruvian Pelican in the northern 
Humboldt Current System raise their chicks during periods of 
strong upwelling, when Peruvian anchoveta Engraulis ringens are 
most available (Murphy 1936, Murphy 1981, Tovar et al . 1987; 
Passuni et al . 2016). Moreover, our results are consistent with 
previously observed patterns of high mortality and low reproductive 
success among seabirds in the Panama Bight, which is associated 
with abnormally warm SSTs and low primary productivity during 
strong El Niño events (Murphy 1936, Glynn 1988).

Laying date had a negative effect on chick survival, in accordance 
with what has been observed as the season progresses among most 

seabirds species (Perrins 1970). At Bona Island, early breeders had 
greater reproductive success, probably because they experienced the 
entire upwelling season, when conditions were more favorable and 
food was abundant. Reproductive success decreased as the season 
progressed, probably because late breeders experienced relaxed 
upwelling or even downwelling conditions, when food was scarce. 
Our results coincided with a previous study on Brown Pelicans 
P .  occidentalis in the Gulf of Panama (Taboga Island), where 
breeders exposed to early upwelling produced more fledglings 
and where nest abandonment was correlated to SST (Montgomery 
& Martínez 1984, Angehr & Kushlan 2007). Age, breeding 

Fig. 3. Hazard ratio of a Brown Booby Sula leucogaster egg or chick 
dying, relative to the maximum chlorophyll-α concentration (linear 
expression) at sea. The shaded area indicates the 95% confidence interval. 
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relation to laying date. The shaded area indicates the 95% confidence 
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experience, and body condition are other factors that are known to 
contribute to the success of early arrivals (Forslund & Pärt 1995, De 
Forest & Gaston 1996, Whelan et al . 2021). In most bird species, 
including tropical seabird species, early breeders tend to be older 
and more experienced, which contributes to greater reproductive 
success (Forslund & Pärt 1995, De Forest & Gaston 1996, McLeay 
et al . 2017). At our study colony, individual age and breeding 
experience were unknown, so we were unable to consider these 
factors in our analyses. 

In conclusion, Brown Booby reproductive success on the Pacific 
coast of Panama is highly seasonal and influenced by upwelling 
conditions, confirming similarity to species in polar and temperate 
regions. Future research should explore non-climate effects for 
seabirds in the region and acquire long-term time series data to 
confirm that the pattern reported in this study is annually consistent.

ACKNOWLEDGEMENTS

All animal care procedures were approved by McGill University’s 
Animal Care Committee and the Panamanian Authorities (permit 
SE/A-93-2019). We would like to thank Carlos Guevara and 
Charlotte Steeves for their assistance with data collection at 
Bona Island. Thanks to Santiago Ortega, Laura Arroyo, Shannon 
Whelan, Ana Morales, and Francis van Oordt for their help with 
the statistical analyses. IE was supported by the Smithsonian 
Tropical Research Institute (STRI), along with grants from the 
Neotropical Environment Option program (McGill University-
STRI) and the NSERC CREATE program in Biodiversity, 
Ecosystem Services, and Sustainability. We appreciate very 
much the efforts of reviewers, who provided suggestions to 
improve our paper.

REFERENCES

ANGEHR, G.R. 2003. Directory of Important Bird Areas in 
Panama, 1st Edition . Panama City, Panama: Panama Audubon 
Society.

ANGEHR, G.R. & KUSHLAN, J.A. 2007. Seabird and colonial 
wading bird nesting in the Gulf of Panama. Waterbirds 30: 
335–357. doi:10.1675/1524-4695(2007)030[0335:SACWBN]
2.0.CO;2

BURNHAM, K.P. & ANDERSON, D.R. 2002. Model Selection 
and Multimodel Inference: A Practical Information-Theoretic 
Approach, 2nd Edition . New York, USA: Springer.

CASTILLO-GUERRERO, J.A., LERMA, M., MELLINK, E., 
SUAZO-GUILLÉN, E. & PEÑALOZA-PADILLA, E.A. 
2016. Environmentally-mediated flexible foraging strategies 
in Brown Boobies in the Gulf of California. Ardea 104: 33–47. 
doi:10.5253/arde.v104i1.a3

CHAMPAGNON, J., LEBRETON, J.-D., DRUMMOND, H. 
& ANDERSON, D.J. 2018. Pacific Decadal and El Niño 
oscillations shape survival of a seabird. Ecology 99: 1063–1072. 
doi:10.1002/ecy.2179

CUBAYNES, S., DOHERTY, P.F., SCHREIBER, E.A. & 
GIMENEZ, O. 2011. To breed or not to breed: A seabird’s 
response to extreme climatic events. Biology Letters 7: 303–306. 
doi:10.1098/rsbl.2010.0778

D’CROZ, L. & O’DEA, A. 2007. Variability in upwelling along the 
Pacific shelf of Panama and implications for the distribution of 
nutrients and chlorophyll. Estuarine, Coastal and Shelf Science 
73: 325–340. doi:10.1016/j.ecss.2007.01.013

DE FOREST, L.N. & GASTON, A.J. 1996. The effect of age on 
timing of breeding and reproductive success in the Thick-billed 
Murre. Ecology 77: 1501–1511.

FORSBERGH, E. 1969. On the Climatology, Oceanography and 
Fisheries of the Panama Bight. Bulletin of the Inter-American 
Tropical Tuna Commission 14: 49–385.

FORSLUND, P. & PÄRT, T. 1995. Age and reproduction in 
birds—hypotheses and tests. Trends in Ecology & Evolution 10: 
374–378.

GASTON, A.J. & ELLIOTT, K.H. 2014. Seabird diet changes in 
northern Hudson Bay, 1981–2013, reflect the availability of 
schooling prey. Marine Ecology Progress Series 513: 211–223. 
doi:10.3354/meps10945

GILMOUR, M.E., CASTILLO-GUERRERO, J.A., FLEISHMAN, 
A.B., HERNÁNDEZ-VÁZQUEZ, S., YOUNG, H.S. & 
SHAFFER, S.A. 2018. Plasticity of foraging behaviors in 
response to diverse environmental conditions. Ecosphere 9: 
e02301. doi:10.1002/ecs2.2301

GLYNN, P.W. 1988. El Niño-Southern Oscillation 1982–1983: 
Nearshore population, community, and ecosystem responses. 
Annual Review of Ecology and Systematics 19: 309–346. 
doi:10.1146/annurev.es.19.110188.001521

HATCH, S.A. 2013. Kittiwake diets and chick production signal 
a 2008 regime shift in the Northeast Pacific. Marine Ecology 
Progress Series 477: 271–284. doi:10.3354/meps10161

HEATWOLE, H., O’NEILL, P.O., JONES, M. & PREKER, 
M. 1997. Long-term population trends of seabirds on the 
Swain Reefs, Great Barrier Reef. Colonial Waterbirds 20: 631. 
doi:10.2307/1521627

MACLEOD, K.J., SHERIFF, M.J., ENSMINGER, D.C., OWEN, 
D.A.S. & LANGKILDE, T. 2018. Survival and reproductive 
costs of repeated acute glucocorticoid elevations in a captive, 
wild animal. General and Comparative Endocrinology 268: 
1–6. doi:10.1016/j.ygcen.2018.07.006

MCLEAY, L.J., PAGE, B. & GOLDSWORTHY, S.D. 2017. But 
first, are you experienced? The consequences of timing, age, and 
adult condition on reproductive performance in Greater Crested 
Terns Thalasseus bergii. Marine Ornithology 45: 205–215.

MINISTERIO DE AMBIENTE. 2019. Resolution No . DM-0616-
2019 . Creación del Área Protegida “Refugio de la vida silvestre 
Isla Boná .” Panama City, Panama: República de Panamá.

MONTGOMERY, G.G. & MARTÍNEZ, M.L. 1984. Timing of 
Brown Pelican nesting on Taboga Island in relation to upwelling 
in the Bay of Panama. Colonial Waterbirds 7: 10–21.

MURPHY, R.C. 1936. Oceanic Birds of South America. New York, 
USA: The American Museum of Natural History. 

MURPHY, R.C. 1981. The guano and the anchoveta industry. 
In: GLANTZ, M.H. & THOMPSON, J.D. (Eds.) Resource 
Management and Environmental Uncertainty: Lessons 
from Coastal Upwelling Fisheries. New York, USA: Wiley 
Interscience.

NELSON, B. 1978. The Sulidae: Gannets and Boobies. Oxford, 
UK: Oxford University Press.

O’DEA, A., HOYOS, N., RODRÍGUEZ, F., DEGRACIA, B. & DE 
GRACIA, C. 2012. History of upwelling in the Tropical Eastern 
Pacific and the paleogeography of the Isthmus of Panama. 
Palaeogeography, Palaeoclimatology, Palaeoecology 348–349: 
59–66. doi:10.1016/j.palaeo.2012.06.007

PASSUNI, G., BARBRAUD, C., CHAIGNEAU, A. ET AL. 
2016. Seasonality in marine ecosystems: Peruvian seabirds, 
anchovy, and oceanographic conditions. Ecology 97: 182–193. 
doi:10.1890/14-1134.1



124 Esparza et al .: Reproductive success of Brown Boobies in Panama 

Marine Ornithology 50: 119–124 (2022)

PERRINS, C.M. 1970. The timing of birds’ breeding seasons. Ibis 
112: 242–255.

R DEVELOPMENT CORE TEAM. 2020. R: A language and 
environment for statistical computing . Vienna, Austria: R 
Foundation for Statistical Computing.

SCHREIBER, E.A. & NORTON, R.L. 2020. Brown Booby (Sula 
leucogaster), version 1.0. In: BILLERMAN, S.M. (Ed.) Birds 
of the World Online. Ithaca, USA: Cornell Lab of Ornithology. 
doi:10.2173/bow.brnboo.01

SHULTZ, M.T., PIATT, J.F., HARDING, A.M.A., KETTLE, A.B. 
& VAN PELT, T.I. 2009. Timing of breeding and reproductive 
performance in murres and kittiwakes reflect mismatched 
seasonal prey dynamics. Marine Ecology Progress Series 393: 
247–258. doi:10.3354/meps08136

SIMONS, R. 2020. ERDDAP. Monterey, USA: National Oceanic 
and Atmospheric Administration, Southwest Fisheries Science 
Center Environmental Research Division. [Accessed at https://
coastwatch.pfeg.noaa.gov/erddap on 02 June 2020.]

THOMPSON, S.A., SYDEMAN, W.J., SANTORA, J.A. ET AL. 
2012. Linking predators to seasonality of upwelling: Using food 
web indicators and path analysis to infer trophic connections. 
Progress in Oceanography 101: 106–120. doi:10.1016/j.
pocean.2012.02.001

TOVAR, H., GUILLEN, V. & NAKAMA, M.E. 1987. Monthly 
population size of three guano bird species off Peru, 1953 to 
1982. In: PAULY, D. & TSUKAYAMA, I. (Eds.) The Peruvian 
Anchoveta and Its Upwelling Ecosystem: Three Decades of 
Change . Callao, Peru: Instituto del Mar, Peru.

VAN DE POL, M., BAILEY, L.D., MCLEAN, N., RIJSDIJK, 
L., LAWSON, C.R. & BROUWER, L. 2016. Identifying the 
best climatic predictors in ecology and evolution. Methods 
in Ecology and Evolution 7: 1246–1257. doi:10.1111/2041-
210X.12590

VERHULST, S. & NILSSON, J.-Å. 2008. The timing of birds’ 
breeding seasons: a review of experiments that manipulated 
timing of breeding. Philosophical Transactions of the Royal 
Society B 363: 399–410. doi:10.1098/rstb.2007.2146

WHELAN, S., HATCH, S.A., BENOWITZ-FREDERICKS, Z.M., 
PARENTEAU, C., CHASTEL, O. & ELLIOTT, K.H. 2021. The 
effects of food supply on reproductive hormones and timing 
of reproduction in an income-breeding seabird. Hormones and 
Behavior 127: 104874. doi:10.1016/j.yhbeh.2020.104874

XIE, S.-P., XU, H., KESSLER, W.S. & NONAKA, M. 2005. Air-
sea interaction over the Eastern Pacific Warm Pool: Gaps winds, 
thermocline dome, and atmospheric convection. Journal of 
Climate 18: 5–20. doi:10.1175/JCLI-3249.1




