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Abstract
Climate change has exacerbated the frequency and severity of heat waves, which on occasion lead to mass mortalities. Here, 
we report a massive mortality event in Imperial Cormorant Leucocarbo atriceps chicks that took place during December 
2016 at Punta León, one of the two largest colonies (> 6000 pairs) and the northernmost colony for the species in coastal 
Patagonia, Argentina. During a 2-day period, we estimate that approximately 86.5% of the chicks died. Our results suggest 
that the mortality event was heat-related, as consequence of an intense heat wave during the brooding period. During two 
consecutive days, chicks between 12 and 19 days old were exposed to air temperatures above the historical mean of maxima 
for a total of 25 h. On one of these days, the air temperature reached a maximum of 38.1 °C with records above 35 °C sus-
tained during four consecutive hours. Chicks were found dead throughout the colony, mostly in the nests with no evidence of 
external injuries other than occasional scavenging by seagulls. Acute mortality from disease was ruled out based on clinical 
presentation and negative results for avian influenza virus, saxitoxins, and domoic acid (two common marine toxins). Our 
work underscores the importance of long-term studies in understanding heat associated breeding failure of one of the largest 
Imperial Cormorant colonies along its breeding range in coastal Patagonia. 
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Introduction

A mean increase in air temperature of almost 2.0 °C by 
the 2040s and 3.0 °C by the 2080s is predicted because of 
contemporary global change (IPCC 2014, 2021). These 
upward shifts can be particularly challenging for the ther-
moregulatory abilities of endotherms (i.e., birds and mam-
mals) at their upper thermal limits (Pörtner and Farrell 
2008; Boyles et al. 2011). Rising maximum environmental 
temperatures might impose direct physiological constraints 
(e.g., dehydration and hyperthermia) upon endothermic spe-
cies much more rapidly than lagged indirect climatic effects 
through biotic interactions (e.g., competition and resource 
availability). 

The effects of global warming on animals have been a 
focus of research for over four decades (Parmesan 2006; 
Paleczny et al. 2015; Sydeman et al. 2015; Urban 2015). To 
date, most studies on endothermic species have analyzed 
the indirect effects of climate as the drivers of distribution, 
population, phenology, and behavioral-level changes (Crick 
2004; Berteaux et al. 2006; Chen et al. 2011; Grémillet and 
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Boulinier 2009; Ovaskainen et al. 2013; Keogan et al. 2018; 
Jenouvrier et al. 2018; Descamps et al. 2019; Somveille et al. 
2020; Osborne et al. 2020) while the direct physiological 
impacts of climatic change appear underrepresented in the 
published literature. However, recent studies on land bird 
species clearly deal with how heat affects bird’s physiol-
ogy and showed that high temperatures increase the demand 
for evaporative heat dissipation to maintain physiologically 
stable body temperatures and avoid lethal thermal limits 
(Albright et al. 2017; Conradie et al. 2019). It´s clear that 
heat-related massive bird mortality can arise from lethal 
hyperthermia if environmental temperature exceeds their 
heat tolerance and/or lethal dehydration if water demands 
for evaporative cooling exceed their dehydration tolerance 
limits (Albright et al. 2017). Moreover, body mass is one of 
the most important factors affecting bird–environment inter-
actions, with smaller species showing higher mass-specific 
rates of evaporative water loss and hence greater relative 
water demands (McKechnie and Wolf 2010). Small birds 
likely exceed their thermoregulatory capacity to maintain 
physiologically stable water balance and/or body tempera-
ture and thus encounter potentially lethal conditions much 
more frequently, over shorter daily intervals (Albright et al. 
2017).

Seabirds, in particular, may be expected to face signifi-
cant thermoregulatory challenges during breeding. They 
often breed in exposed locations, such as cliffs, rocky prom-
ontories, or flat and open terrains (Furness and Monaghan 
1989) with little protection from climatological factors such 
as sun, wind and rain, forcing them to rapidly exchange heat 
(both gain and loss) (see Cook et al. 2020). Cormorant adult 
breeders for example, usually spend a considerable propor-
tion of their time gular fluttering as a thermoregulatory 
response to air temperature (Bartholomew et al. 1968). Com-
plementary behavioral adjustments to heat while breeding 
include, among others, postural alterations such as crouching 
or standing, which increase the vulnerability of eggs and 
chicks to suboptimal air temperatures and predation risks 
(Cook et al. 2020). Thus, postural adjustments (i.e., crouch-
ing or standing) by adults may incur thermoregulatory costs 
to chicks given that small chicks are unable to adjust their 
upright posture to dissipate heat and may thus be exposed 
to warmer temperatures leading them to dehydration and 
hyperthermia (Lasiewski and Snyder 1969).

At the same time, diving seabirds like penguins and cor-
morants deal with an additional challenge: water has very 
high specific heat and thermal conductivity, so they need 
efficient insulation to limit heat loss while foraging in the 
ocean (Grémillet et al. 2005). Consequently, adaptations to 
limit heat loss during foraging, or rapidly gain heat following 
dives, may be in direct evolutionary conflict with adaptations 
to dissipate excess heat or avoid heat gain while attending 
the nest (Oswald and Arnold 2012). Cormorant species that 

breed at high latitudes have both morphological and physi-
ological adaptations to low ambient temperatures, includ-
ing heavy insulating dark plumage and high basal metabolic 
rates (Gabrielsen et al. 1988; Bryant and Furness 1995). 
Moreover, the fact that they have to avoid hyperthermia 
while breeding under warmer climate conditions, but at the 
same time minimize heat loss while diving in ≤ 10–15 ºC 
waters, generates a particular thermoregulatory challenge. 
While their predominantly black plumage may be beneficial 
for rapid heat gain following dives, it also generates great 
heat loads from solar radiation during nest attendance (Cook 
et al. 2012).

The Imperial Cormorant, Leucocarbo atriceps, is a col-
ony-breeder that belongs to the southerly distributed blue-
eyed shag group of the Phalacrocoracidae family (Nelson 
2005). In the Patagonian coast of Argentina, more than 
50,000 Imperial Cormorant pairs reproduce in 57 colonies 
ranging from Punta León (43° 05′ S, 64° 30′ W) in the north, 
to the Beagle Channel (55° 04′ S, 66° 33′ W) in the south 
(Yorio et al. 1999, 2020; Frere et al. 2005). Colonies range 
in size from dozens to more than 6,000 breeding pairs (Frere 
et al. 2005; Yorio et al. 2020). Punta León, located in Chubut 
Province, is one of the two largest colonies (> 6000 pairs) 
and the northernmost for the species (Frere et al. 2005; 
Quintana et al. in press). This colony extends over a flat de-
vegetated terrain of sedimentary substrate (Yorio et al. 1998) 
highly exposed to environmental conditions. At Punta León, 
Imperial cormorants lay up to three eggs (mean = 2.7 ± 0.5) 
between early October/middle November (Yorio et al. 1994; 
Svagelj and Quintana 2011), both parents incubate the eggs 
for 28–29 days and feed the chicks for approximately 3 
months. The brooding period occurs between late November 
and middle December (Svagelj and Quintana 2011).

The present study arose from the observation of a mas-
sive chick mortality event affecting Imperial cormorants at 
Punta León during the 2016 breeding season. This breeding 
population has been systematically monitored since 1980 
(Malacalza 1984; Yorio et al. 1994; Quintana et al. in press) 
and has been also studied for more than three decades by 
Quintana and collaborators who have garnered a wealth of 
information on the species breeding biology, behavior and 
foraging patterns (see Quintana et al. in press for a review). 
Indeed, such long-term research effort provides an important 
baseline against which potential effects of environmental/
climatological changes may be identified.

We hypothesized that the massive chick mortality event 
of 2016 could have been a consequence of an intense heat 
wave during the brooding period. To address this ques-
tion, we analyzed the following: (a) a long-term data set 
of the breeding success (2004–2016), (b) long-term air 
temperature records for the area (2004–2016), (c) the 
amount of time 12 to 19 days old chicks were exposed to 
temperatures above the historical mean of maximum daily 
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temperature during every season, and (d) chick carcasses 
for sign of disease or other acute mortality factors. The 
implications of extreme high environmental temperatures 
associated breeding failure in the face of increasing global 
change are discussed.

Materials and methods

Study site and nest monitoring

Fieldwork was conducted at Punta León colony (43° 05′ 
S, 64° 30′ W), Chubut, Argentina (Fig. 1) over 11 breed-
ing seasons (2004–2006, 2008, 2010–2016) between early 
November and mid-December. The breeding phenology 
and reproductive success of Imperial cormorants from 
this colony was monitored annually since 2004 (except 
for 2007 and 2009). Each year, between 87 and 300 nests 
were visited every 3 to 5 days from shortly after the start 
of the laying period until chicks reached 30 days of age. 
On each visit the number of eggs or the number and age 
of chicks in each nest were recorded. Annual breeding 
success was estimated assuming that chicks had fledged 
if they reached 30 days of age due to the high probability 
of chick survival to independence at that age (Svagelj and 
Quintana 2011). Following the massive chick mortality 
event, during December 2016, the colony was still checked 
for 2 months to determine if adult cormorants initiated 
another breeding attempt.

Climate data

Atmospheric data were obtained by the Estación de Foto-
biología de Playa Union (EFPU) (http://​efpu.​org.​ar/) (43º 
18′ S, 65º 02′ W) which is located on the coast of Chubut, 
55 km south of Punta León (Fig. 1). Air temperature (°C), 
wind speed (m/s), and direction were measured continuously 
using a meteorological station (Tecmes, Pegasus), and a two-
minute average was recorded automatically. From these data, 
the average, minimum, and maximum daily air temperature 
values were obtained.

During the massive mortality event of 2016, most chicks 
were between 12 and 19 days old. We thus calculated the 
maximum/minimum average air temperature for a given 
chick age (12 to 19 days old) to derive the historical mean 
of maximum/minimum for a period of 11 seasons (i.e., 
period 2004–2016 excepting 2007 and 2009) at each par-
ticular chick age. Additionally, we analyzed the number of 
consecutive hours that chicks between 12 and 19 days old 
were exposed to air temperatures below the historical mean 
of minima and above the historical mean of maxima.

Data analyses

To describe the variation in breeding success across years, 
we first calculated an overall mean using the weightedMean 
function from the R package matrixStats (Bengtsson 2017). 
The latter was decided because the number of nests checked 
differed between years and we wanted each year’s mean to 
contribute similarly to the overall value. After this, for each 
year, we calculated its deviation from the overall mean, by 
using a one-way analysis of variance (ANOVA) from the 
aov function of the stats R package (R Core Team 2019).

To explore a potential trend in mean and maximum 
daily air temperatures during December of the 11 studied 
years, we performed a Mann–Kendall Trend Test using 
the MannKendall function from the Kendall R package 
(McLeod 2011). Finally, differences between years in the 
daily maximum/minimum air temperature to which chicks 
between 12 and 19 days old were exposed were tested using 
an ANOVA test using the aov function from the stats R 
package. All statistical analyses were performed with a level 
of significance of p < 0.05.

Post‑mortem examinations

We visited the colony the day following the discovery of 
the mortality event with the intention of performing post-
mortem examinations and investigate the cause of death. 
Unfortunately, due to the elapsed time and extreme weather, 
the carcasses were in an advanced state of decomposition, 
preventing recovery of quality diagnostic samples. Notwith-
standing, carcasses were examined for external injuries and 

Fig. 1   Geographical location of Punta León colony on the Atlan-
tic coast of Chubut Province, Patagonia, Argentina. The location 
of Playa Unión where the meteorological station is situated is also 
shown

http://efpu.org.ar/
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signs of disease, and some of the freshest were collected for 
necropsy. Field observations including location and condi-
tion of carcasses, clusters, signs of stampede or predation,  
and so on were recorded for context. Five chick carcasses 
were recovered for necropsy on December 21, and four addi-
tional ones were sampled after the mortality event during 
follow-up visits on December 24 and January 14, 2017. The 
post 21 December dead chicks were fresh at the time of 
collection. They resembled expected chick mortality in that 
they were single animal deaths, in poor body condition, and 
the only new carcasses found during visits. We thus con-
sidered these deaths unrelated to the mass mortality event 
and will only focus on chicks sampled on December 21 in 
this study.

At necropsy, and despite decay, samples were collected 
from all identifiable tissues and stored both frozen and in 
10% buffered formalin. In addition, oral and cloacal swabs 
were collected in viral transport media and stored frozen 
at − 80 °C. Finally, stomach content was preserved frozen. 
Given the condition of samples and local laboratory capac-
ity, we limited diagnostics to two common causes of acute 
death in seabirds, avian influenza (Chen et al. 2006; Molini 
et  al. 2020) and harmful algal blooms (Shumway et  al. 
2003). Cloacal swabs were screened for avian influenza virus 
by polymerase chain reaction at the Instituto de Virología 
of the Centro de Investigación en Ciencias Veterinarias y 
Agronómicas (CICVyA), Instituto Nacional de Tecnología 
Agropecuaria (INTA), Buenos Aires, Argentina. Samples 
from stomach content and tissue from intestines, stomach, 
liver, and kidney (only three chicks) were tested for saxitox-
ins and domoic acid by high-performance liquid chroma-
tography at Instituto Nacional de Investigación y Desarrollo 
Pesquero (INIDEP), Mar del Plata, Argentina.

Results

Chick mortality event and breeding success 
across years

On our visit on December 13th, we monitored 293 nests 
and counted a total of 384 chicks. On the 17th, we received 
a report from a ranger that numerous chicks were dead at 
the colony. Chicks were found dead throughout the colony, 
mostly in the nests (Fig. 2a, b); however, there were sev-
eral carcass clusters, mostly on the edge of the colony and 
the adjacent pebble beach (Fig. 2c, d). On our visit on the 
20th, we found that only 52 (13.5%) of the 384 chicks from 
our monitored nests had survived. The few surviving chicks 
were monitored in successive visits. These chicks reached 
30 days old (i.e., were assumed to have fledged) and did not 
present abnormalities nor clinical signs.

The mean breeding success for the whole study period 
was 0.93 ± 0.70 (range 0.16–1.33) chicks per nest and was 
extremely consistent across breeding seasons. A sharp 
decrease in breeding success was evident for 2016 (Fig. 3). 
The observed mortality event that took place between 
December 14th and 16th, 2016, was the only one, for chicks 
or adults, recorded throughout the study period.

Environmental conditions across breeding seasons

During December of 11 breeding seasons, the mean daily 
air temperature ranged between 10.0 and 29.6 °C (mean 
19.4 °C) and no trend was detected across years (Mann Ken-
dall test tau = − 0.01, p = 0.66). Likewise, there was no trend 
in mean daily maximum air temperature (Mann Kendall 

Fig. 2   View of the Impe-
rial Cormorant, Leucocarbo 
atriceps, colony of Punta León 
(see text) during the massive 
chick mortality event that took 
place during 2016 breeding 
season. Photographs courtesy of 
Takashi Yamamoto and Marcela 
Uhart
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test tau = 0.03, p = 0.35), which ranged between 12.6 and 
38.1 °C (mean 25.9 °C) over 11 breeding seasons. During 
the entire studied period, the warmest day was December 
16th, 2016, coinciding with the time frame in which the 
massive chick mortality event took place (Fig. 4). On this 
particular day, the air temperature reached a maximum of 
38.1 °C with records above 35 °C sustained during four con-
secutive hours. A similar extreme heat condition occurred 
during December 6th, 2008, with a maximum of 37.6 ºC 
(Fig. 4) that also persisted above 35 °C for 4 h.

During the 2016 massive mortality event, most chicks 
where between 12 and 19 days old. The mean daily maximum 
temperature to which chicks of this particular age-period were 
exposed was similar between seasons (F10,76 = 1.80, p = 0.08). 
However, the number of consecutive hours that chicks between 
12 and 19 days old were exposed to temperatures above the 
daily historical mean of maxima for each particular age was 
particularly high during 2008 and 2016 (Fig. 5) Particularly, on 
December 6th, 2008 (the season with no massive chick mor-
tality) most chicks were 16 days old when they were exposed 
to air temperatures above the historical mean of maxima for 
13.5 h in a single day, with no more than 1.5 h of exposure 
above the historical maxima during the previous and following 
days (Fig. 5). In contrast, during 2016, chicks between 18 and 
19 days old were exposed to air temperatures above the histori-
cal mean of maxima for a total of 25 h during two consecu-
tive days (December 15th and 16th) (Fig. 5). Air temperatures 
exceeded the historical mean of maxima for 10.5 and 14.5 h 
on the 15th and 16th, 2016, respectively (Fig. 5). Moreover, 

during 2016, birds were also exposed to a contrasting climate 
scenario during the 2 days prior to the heat wave, with air 
temperature records below the historical mean of minima, for 
almost 30 consecutive hours (Fig. 5).

Post‑mortem findings

All dead chicks were found with no evidence of external 
injuries other than occasional scavenging by seagulls. All 
were in an advanced state of decomposition as a result of 
the elapsed time and the prevailing high temperatures. No 
adult mortality was registered. Of the five study carcasses, 
two were males, one a female, and the others unconfirmed 
due to decomposition. Only the female was slightly less 
decomposed and allowed assessment of a good body con-
dition, according to the lack of external injuries and signs 
of disease. All had digested remains in their stomachs. No 
significant macroscopic abnormalities were noted and were 
likely masked by severe decay. All samples were negative 
for avian influenza virus. Stomach and liver tissue from one 
of three chicks tested showed a slight trace of gonyautoxin 
that was too low for toxin identification by the methods used.

Discussion

Our results suggest that the Imperial Cormorant chick mor-
tality event recorded at Punta León during 2016 season was 
heat-related, as consequence of an intense heat wave during 

Fig. 3   Annual variation 
(mean ± standard deviation 
(SD)) in the breeding success of 
the Imperial Cormorant, Leuco-
carbo atriceps, at Punta León 
over 11 years. Annual devia-
tions from the overall mean 
(anomaly) are also showed
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the brooding period. During the 16th of December 2016, air 
temperature reached more than 38 °C exposing both adults 
and chicks Imperial cormorants to a risky thermal condi-
tion. In addition, such heat-related situation was preceded by 
two consecutive days with temperatures above the historical 
mean of maxima, with a total of 27 h over three consecutive 
days where adults and chicks were exposed to such extreme 
air temperatures. Such an extended time above upper critical 
temperatures can be critical for young chick survival. Small 
size birds may be particularly susceptible to heat waves 
given their typically high mass-specific rates of metabolism 
and water loss and will potentially have important impacts 
on their water balance (Albright et al. 2017). The lack of 
black-bulb temperature data in our study should not con-
stitute a limitation for our results and conclusions. Cook 
et al. (2020) investigated the thermoregulatory responses of 
the Bank Cormorant, Phalacrocorax neglectus, and found 
that air temperature was strongly correlated with black-bulb 
temperature and that behavioral responses varied with air 
temperature in a similar manner to black-bulb.

The heat wave recorded at Punta León in the 2016 
breeding season occurred during the early chick-rearing 
period (i.e., chicks less than three weeks old), a crucial 
and clearly determining moment driving the massive chick 
mortality event. Under such extreme environmental cir-
cumstances, evaporative cooling would not have been a 
viable option, forcing parents to exploit cooler environ-
ments such as the coastal waters nearby the colony at the 
cost of neglecting parental care. It is possible that adults 
moved to the coastal waters and left the small chicks 
unprotected from the extreme high air temperature. Impe-
rial Cormorant chicks are altricial (Svagelj and Quintana 
2011) and, in contrast to their parents, have no possibility 
of behavioral response (i.e., refreshing in the sea) to avoid 
overheating nor compensate for heat gain through behavio-
ral adjustments and modulation of evaporative cooling by 
panting and gular fluttering. Moreover, at the age at which 
the young chicks were affected by the heat wave, their 
bodies were completely covered with black down which 
probably diminished even more their thermoregulation 
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capacity (Hochscheid et al. 2002). The effect of a heat 
wave might have been much more critical at Punta León 
because of the features of the colony substrate: an open 
and flat ground-nesting area, virtually exposed to the sun 
with not shelter or shade availability. Moreover, the coni-
cal-shaped guano nests may have acted as a deadly trap for 
the young chicks who could have been further affected by 
the absorption of heat through long-wave radiation from 
their surroundings (i.e., a white guano-coated substrate). 
Our data highlight the growing evidence that hot weather 
events can directly impact animals by forcing trade-offs 
(mediated through both physiological and behavioral pro-
cesses) between thermoregulatory demands and invest-
ment in other physiological and/or breeding functions (see 
Porter and Kearney 2009; Smit et al. 2016; Mitchell et al. 
2018). The maximum air temperature reached on Decem-
ber 16th was barely below the critical upper temperature 
(40 °C) reported by Lasiewski and Snyder (1969) under 
experimental conditions for Double-crested Cormorant, 
Phalacrocorax auritus, 1-month-old chicks. Given that the 
thermoregulatory capacity of birds increases with age and 
body mass (Dunn 1976; Whittow and Tazawa 1991; Abra-
ham and Evans 1990) and that chicks from Punta León 
were at least two weeks younger than those studied by 
Lasiewski and Snyder (1969), it is likely that the Imperial 
Cormorant chicks were exposed to air temperatures above 
their critical limit for thermoregulation.

Even when there is much literature considering sudden 
food shortage as a possible contributor to the mass mortal-
ity of chicks in seabird colonies (see Schreiber and Burger 
2001), the long-term environmental stability reported for the 
marine areas surrounding the colony, preclude the idea of 
a sudden food shortage as responsible of the massive chick 
mortality event occurred during 2016 breeding season in 
Punta León. Recently, Quintana et al. (in press) reported 
the long-term variability of phenology, breeding traits, at-
sea distribution, and foraging effort of breeding Imperial 
cormorants from Punta León. This study strongly suggests 
predictable and stable environmental conditions surrounding 
Punta León, enabling healthy and steady chick productivity 
during, at least, the last 16 years (Quintana et al., in press). 
Thus, even though heat events are quite rare in the Patago-
nian coast and die-offs due to overheating have not been 
reported in other northern cormorant colonies, the heat wave 
reported in the present work is an early warning for future 
constraints (under global warming scenarios).

In addition to catastrophic weather events, other factors 
for acute mass mortalities of seabirds include a few patho-
gens and toxins, such as Pasteurella multocida (de Lisle 
et al. 1990; Crawford et al. 1992; Waller and Underhill 2007; 
Bodenstein et al. 2015; Jaeger et al. 2018) and saxitoxins 
(Shumway et al. 2003; Van Hemert et al. 2020). However, 
neither of these agents would selectively only affect chicks, 
nor rage through a 6000 plus colony in just 24–48 h. Despite 

Fig. 5   Temperature records 
while Imperial Cormorant, 
Leucocarbo atriceps, chicks 
were between 12 and 19 days 
old during 2008 and 2016. 
Air temperature records 
(orange), historical mean of 
maxima ± standard deviation 
(dark gray) and historical mean 
of minima ± standard deviation 
(light gray) for days in which 
Imperial Cormorant chicks 
were between 12 and 19 days 
old during a 2008 and b 2016. 
The number of hours that chicks 
of this age were exposed to 
temperatures below the histori-
cal mean of minima and above 
the historical mean of maxima, 
during c 2008 and d 2016 years 
are also shown. The light gray 
dotted line indicates 14 h
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our inability to properly investigate the etiology, the hyper-
acute, chick-only mortality scenario at Punta León is not 
indicative of an infectious origin. Notwithstanding, some 
cormorant species are known to be highly susceptible to pas-
teurellosis (Crawford et al. 1992; Waller and Underhill 2007) 
and paramyxovirus type 1 (Kuiken 1999) and thus warrant 
monitoring. The Punta León event also fails to resemble a 
toxic event, which usually extends over several days, affects 
mainly adults, and often involves several species (Work et al. 
1993; Shumway et al. 2003; Van Hemert et al. 2020). The 
finding of hints of gonyautoxin in one cormorant chick is 
not unexpected, since toxin-producing algal blooms are rela-
tively common in the study area (Uhart et al. 2008; Wilson 
et al. 2016; D’Agostino et al. 2019) and seabirds are often 
exposed to toxins with no deleterious effects (Van Hemert 
et al. 2020). Nevertheless, harmful algal blooms are pre-
dicted to increase in coastal areas due to global warming 
and human influence (Gilbert et al. 2014) and should thus 
remain a key differential diagnostic when marine wildlife 
mortality events occur.

Finally, considering that during 2016 breeding season, 
the number of active nests at Punta León was 5617 (Yorio 
et al. 2020), a simple extrapolation of the monitored num-
ber of chicks per nest right before and after the heat wave 
to the whole colony, allowed us to estimate a reduction in 
the number of chicks from 7358 to 997 (86.5%). We note 
that our monitored nests were localized near the edge of 
the colony where the absorption of heat through long-wave 
radiation from their surroundings (i.e., a white guano-
coated substrate) was probably less that at the center of the 
colony. Thus, our simple extrapolation of chick mortality 
could be underestimated. With sufficient resources, Impe-
rial cormorants may be capable of recovering from occa-
sional catastrophic reproductive failures. However, it is 
unknown how resilient this species may be if events such 
as the one reported here are recurrent, more prolonged, and 
widespread, or if their food source is also affected. Recent 
seabird mass mortalities associated with food shortage from 
sustained heat waves such as the one in the northeast Pacific 
in 2014–2016 (Jones et al. 2018; Piatt et al. 2020) do not 
bode well for a future with increasing sea temperatures. This 
report provides early warning and valuable context to inform 
conservation efforts in the medium term in northern coastal 
Patagonia.
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