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A B S T R A C T   

Cetacean strandings constitute one of the most important sources of information for studying cetacean diversity 
and obtaining basic biological data. The Guatemalan Pacific Ocean supports a high diversity of cetaceans, with at 
least 19 confirmed species records. However, little is known about cetacean strandings in Guatemala and their 
association with anthropogenic activities. We reviewed the occurrence of cetacean strandings on the Pacific 
coastline of Guatemala between 2007 and 2021. Stranding records were obtained from publications and citizen 
science such as sporadic reports from third parties, local and social media. In total, 39 stranding events from 12 
species were recorded over the 15-year period examined. Stranded species belong to five families: Delphinidae, 
Kogiidae, Ziphiidae, Balaenopteridae and Eschrichtiidae. The striped dolphin (Stenella coeruleoalba, n = 6), 
bottlenose dolphin (Tursiops truncatus, n = 6), spinner dolphin (S. longirostris, n = 5), spotted dolphin 
(S. attenuata, n = 4), and humpback whale (Megaptera novaeangliae, n = 4) were the most frequently stranded 
species. For three of the stranded species, the melon-headed whale (Peponocephala electra), Blainville’s beaked 
whale (Mesoplodon densirostris), and gray whale (Eschrichtius robustus), these stranding records represent the first 
confirmed report of the species in Guatemalan waters. Although we could not determine the cause of stranding in 
most cases, at least 15% of stranded individuals presented marks or injuries that could be associated with 
anthropogenic activities, such as fisheries or vessel strikes. This study highlights the importance of stranding data 
and the need to create a national network to allow timely response to stranding events and to enable improved 
data collection protocols. A well-curated cetacean stranding database is crucial for scientific research as well as 
to implement management and conservation measures to protect these species in the region.   

1. Introduction 

Cetacean strandings provide vital information on species richness 

and their spatio-temporal distribution [1]. Stranding records have been 
an important resource for obtaining information on elusive or rare 
species, such as deep diving beaked whales [2]. Stranding data have also 
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revealed information on population ecology [3] and health [4]. 
Although many natural processes such as geomagnetic or climatic al-
terations [5], diseases [4], or aging can lead to cetacean strandings; 
several anthropogenic factors including the use of military sonars, vessel 
strike, fisheries bycatch, and pollution have also been linked [4,6–9]. 

Occasionally, cetacean strandings are associated with geographic 
locations where clusters of strandings occur [10–12]. Some of these 
areas (stranding hotspots) contain oceanographic features that indi-
rectly influence stranding patterns [13], such as currents or disconti-
nuities in the topography or geomagnetic fields [10,14–16]. However, 
they could also be associated with areas of intense boat traffic or other 
anthropogenic impacts [17,18]. 

This study presents a detailed overview of cetacean strandings from 
the entire Guatemalan Pacific coastline covering the period 2007–2021. 
We provide a comprehensive analysis of species diversity, potential 
stranding hotspots and causes of strandings, especially those associated 
with anthropogenic activities. By understanding the patterns in cetacean 
strandings in Guatemala, we aim to provide information that can assist 
management and conservation measures in the region. 

2. Material and methods 

2.1. Study area 

The study area covers the entire Pacific coastline (254 km) of 
Guatemala, which borders in the west with Mexico and in the east with 
El Salvador (Fig. 1A). The Pacific of Guatemala is part of the Eastern 
Tropical Pacific, one of the most productive oceans worldwide [19] and 
with an important influence on climate variation due to El 

Niño–Southern Oscillation [20]. The Guatemalan Pacific Exclusive 
Economic Zone (EEZ) covers 110,944.7 km2 [21]. It is located in the 
Chiapas-Nicaragua ecoregion, which is influenced by the tropical waters 
that flow in the northern and southern equatorial currents [22]. The 
weather is characterized by two annual seasons, the rainy season 
occurring from May to October, and the dry season, from November to 
April [23]. The sea surface temperature varies according to the time of 
year, but remains between 26 and 28 ◦C [24]. 

2.2. Data collection and analysis 

In this study, a stranded cetacean is defined as a live-stranded or 
dead (beachcast or found at-sea) cetacean [25]. Stranding data from the 
Guatemalan Pacific coastline was collected from January 2007 to the 
end of September 2021 from published papers, technical reports, au-
thors’ field notebooks, local and social media and records shared 
directly by third parties such as government and non-profit organiza-
tions, research institutes, or local observers without official affiliation. 
For all stranding records, details obtained included date, location, 
number of individuals, species identification, and general observations 
of the condition of the animal. All records with photographic evidence 
were re-evaluated to determine or verify the species identification, state 
of decomposition, sex, age class (calf, juvenile, adult), and evidence of 
anthropogenic impacts. Conservation status for all stranded species was 
assigned according to the IUCN Red List [26]. 

Species identification of live cetaceans and fresh carcasses was based 
on external morphological characteristics [27,28]. Species identification 
in carcasses of moderate and advanced state of decomposition was based 
on dentition or other unique characteristics. Stranding records in which 

Fig. 1. Distribution of cetacean strandings 
along the Pacific coastline of Guatemala be-
tween January 2007 and September 2021. (A) 
Study area and general overview of the region, 
MX: Mexico, GT: Guatemala, ES: El Salvador, 
HN: Honduras, NI: Nicaragua, CR: Costa Rica, 
PN: Panama. (B) Departments in the Pacific 
coastline of Guatemala, SM: San Marcos, REU: 
Retalhuleu, SUCH: Suchitepequez, ESC: 
Escuintla, SR: Santa Rosa, JUT: Jutiapa. Lines in 
the Pacific Ocean represent bathymetric lines 
every 200 m. (C–F) Distribution of stranding 
events for (C–E) toothed and (F) baleen whales.   
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species identification was uncertain were classified to the lowest 
possible taxonomic level (i.e., family or genus). 

Age class (calf, juvenile or adult) was determined based on the re-
ported total body length [28], photographic evidence and/or wear of 
teeth. Sex was determined by gross examination of the genital organs. 
Strandings in which age class or sex was undetermined were classified as 
undefined. Potential anthropogenic impacts were determined by evi-
dence of both external and internal trauma, e.g., fluke mutilation, in-
ternal bleeding, and broken bones. 

The number of stranding events and individuals was summarized for 
baleen whales (Mysticeti) and toothed whales (Odontoceti). We mapped 
the locations of the stranding events in ArcGIS® (ver. 10.3, Esri® Inc.) 
using the World Geodetic System 1984 with map datum at a scale of 
1:1,800,000. Seasonal variations in the number of stranding records as 
well as the incidence of dead and live stranded cetaceans were analyzed 
using a Mann-Whitney U test between the dry (November–April) and 
rainy (May–October) season as implemented in R (ver. 3.6.1 [29]). Since 
the last year of the study (2021) only included the first nine months, we 
excluded this year from the statistical analysis. 

3. Results 

In total, 39 cetacean stranding events were recorded along the 
Guatemalan Pacific coastline during the 15-year period, from 2007 to 
2021 (Supplementary Material Table S1). These events occurred in five 
of the six coastal departments of the Pacific of Guatemala, with 51.3% 
reported in the department of Escuintla, 23.1% in Santa Rosa, 20.5% in 
Retalhuleu and 2.6% in both Jutiapa and San Marcos (Fig. 1). The 
number of stranding records varied over the years, ranging from one to 
five events per year (Fig. 2A). 

Among the 39 stranding records, 72% were toothed whales, repre-
sented by the families Delphinidae, Kogiidae and Ziphiidae; while 28% 
were baleen whales, represented by the families Balaenopteridae and 
Eschrichtiidae (Fig. 2A–B). Delphinidae was the family with the highest 
number of stranding records (n = 25) and included seven species: stri-
ped dolphin (Stenella coeruleoalba), common bottlenose dolphin (Tur-
siops truncatus), spinner dolphin (S. longirostris), pantropical spotted 
dolphin (S. attenuata), melon-headed whale (Peponocephala electra), 
false killer whale (Pseudorca crassidens), and rough-toothed dolphin 
(Steno bredanensis). The families Kogiidae and Ziphiidae were repre-
sented by only one species, the dwarf sperm whale (Kogia sima), and the 
Blainville’s beaked whale (Mesoplodon densirostris), respectively. 
Balaenopteridae, the family with the second highest number of strand-
ing records (n = 10), included two species: the humpback whale (Meg-
aptera novaeangliae) and the Bryde’s whale (Balaenoptera edeni). The 
Eschrictiidae family included one gray whale (Eschrichtius robustus) 
stranding. Most of the recorded species are classified as Least Concern 
(LC), according to the IUCN Red List [26], except for false killer whale, 
which is classified as Near Threatened (NT) (Supplementary Material 
Table S1). We were unable to identify any stranding cetacean at the 
subspecies level. Identification at subspecies level was unreliable due to 
the advanced degree of decomposition of the stranded cetaceans and/or 
unclear unique characteristics in the photographic evidence. 

Seasonal (i.e., dry and rainy season) differences in the number of 
stranding events and the number of live vs dead stranded cetaceans were 
analyzed across 14 years of stranding records (2007–2020). The partial 
year 2021 was excluded from the analyses. The number of stranding 
events of both live and dead stranded cetaceans, during the dry (54%, 
n = 19) and rainy (46%, n = 16) seasons was not significantly different 
(Mann-Whitney U test, W = 93, p = 0.827). The number of dead (66%, 
n = 23) and live strandings (33%, n = 12) across the 14 years of 
stranding records was also not significant (Mann-Whitney U test, W =
128.5, p = 0.152). However, when analyzing each season separately 
across the 14 years of stranding records, significant differences (Mann- 
Whitney U test, W = 125, p-value = 0.0246) were observed between the 
number of dead (n = 15) and live (n = 4) strandings during the dry 

season. Differences were not significant between the number of dead 
(n = 9) and live (n = 7) strandings during the rainy season (Mann- 
Whitney U test, W = 91, p-value = 0.729). Among toothed whales, 
strandings of pantropical spotted dolphins were recorded only during 
the dry season, while strandings of striped dolphins were recorded only 
during the rainy season. Within baleen whales, strandings of humpback 
and gray whales were reported only during the dry season, and Bryde’s 
whales were recorded in both seasons. For information of all species see 
Supplementary Material Table S1. 

In terms of age class, 45% of the stranded cetaceans were adults, 15% 
juveniles, 15% calves, and 25% undetermined. We identified the sex just 
in 25% of the individuals; among those, 15% were males and 10% were 
females. One stranding event (2.56%) comprised a mother-calf pair, 
while the remainder were individual strandings (97.44%). No mass 
stranding has been recorded on the Pacific coastline of Guatemala. 

Potential causes of the reported cetacean stranding events were 
evaluated. About 15% of strandings (n = 6) had anthropogenic activity 
as a probable cause, i.e., fishery interaction or vessel strike. A further 
13% presented evidence of interaction with other animals, including 
apparent shark bites (n = 2) and interaction with scavengers. The cause 
of death was undefined for the remaining 72% of strandings (Supple-
mentary Material Table S1). 

Fig. 2. Number of stranding events in the Pacific coastline of Guatemala be-
tween January 2007 and September 2021. (A) Number of stranding events per 
year for toothed whales (blue) and baleen whales (green). (B) Number of live 
(green) and dead (blue) stranding events per species. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web 
version of this article.) 
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4. Discussion 

4.1. Composition, frequency and distribution of cetacean strandings 

Over the last 15 years, 39 cetacean strandings have been recorded 
along the Guatemalan Pacific coastline. This number is likely under-
estimated, since there is no established stranding network that system-
atically documents every stranding event. In addition, when dead 
animals are stranded, local people often bury them without notifying the 
authorities [30]. 

The average frequency of recording strandings per year in Guatemala 
(2.6 strandings/year) is similar to those reported in other Central 
American countries. In El Salvador, 49 stranding events have been re-
ported over a period of 24 years (1995–2019; 2.04 strandings/year) 
[31]. In Nicaragua, De Weerdt et al. [32] reported 13 stranding events in 
a 8-year period (2014–2021; 1.6 strandings/year). In Costa Rica, 
Rodríguez-Fonseca and Cubero-Pardo [33] reported 35 stranding events 
in a 33-year period (1966–1999; 1.06 strandings/year), and subse-
quently, May-Collado et al. [34] reported 96 stranding events in a 
16-year period (2000–2016; 6 strandings/year). However, caution 
should be taken when interpreting the results as the amount of effort and 
the methodology used to record stranding events differ among countries. 
Similarly, the five most frequently stranded species on the Pacific 
coastline of Guatemala (i.e., striped dolphin, bottlenose dolphin, spinner 
dolphin, pantropical spotted dolphin, and humpback whale) are 
consistent with the most frequently stranded species recorded on the 
Pacific coastline of Costa Rica and El Salvador [31,33,34], suggesting a 
consistent pattern of stranded species across the Central American Pa-
cific coast. An overview of stranded species in Central America is pre-
sented in Supplementary Material Table S2. 

Stranding records can provide an indication of species composition 
in an area, as stranding records often correspond to live sightings [35]. 
Accordingly, four of the five most frequently stranded cetaceans (bot-
tlenose dolphin, spinner dolphin, pantropical spotted dolphin, hump-
back whale), correspond to those identified by Cabrera et al. [36] as 
frequently sighted species over the continental shelf and slope of the 
Pacific waters of Guatemala. Surprisingly, the striped dolphin, which is 
considered a species of oceanic distribution [36], was one of the two 
most frequently stranded species. This is consistent with observations in 
Costa Rica [34,37] and El Salvador [31], where striped dolphins strand 
with relatively high frequency. In addition, some of the records of 
strandings on the Pacific coastline of Guatemala were individuals that 
live stranded with buoyancy and disorientation problems, suggesting 
that they could have been infected with Brucella spp. Brucella infections 
have been reported by Hernández-Mora et al. [38] in most stranding 
events involving striped dolphins on the coast of Costa Rica. 

The incidence of stranded cetaceans depends on a combination of 
factors, including species distribution and abundance, anthropogenic 
activities or ecological factors such as predators that could increase 
mortality, as well as environmental factors such as currents and winds 
[39–42]. The high incidence of stranding events in the department of 
Escuintla (> 51%), suggests that Escuintla is a potential stranding hot-
spot in the country. This high stranding incidence may be explained by 
two factors: (a) Escuintla is a highly populated area frequented by many 
tourists, which allows the timely detection of stranded animals; and (b) 
it is an area with high anthropogenic influence. The main harbor of the 
country is located in the area, increasing maritime traffic and fishing 
activities. 

4.2. New records for Guatemala 

Three of the species identified in the Guatemalan stranding record, 
the melon-headed whale, the Blainville’s beaked whale, and the gray 
whale are new records of the species for Guatemala. However, these 
records do not imply that the species inhabit Guatemalan waters as the 
individuals could have died offshore and been subsequently transported 

by ocean currents to Guatemalan coasts. A 1.5 m melon-headed whale 
calf live stranded in October 2011, but died the next day despite vet-
erinary care. The cause of death could not be established during nec-
ropsy, but it was suggested that weather conditions due to the tropical 
depression from the previous days might have contributed to the 
stranding [30]. The stranded Blainville’s beaked whale in 2017 (Fig. 3A) 
represents the only stranded beaked whale recorded in Guatemala over 
the last 15 years. This lack of beaked whale stranding records occurs 
despite its proximity to El Salvador, where at least seven stranded 
beaked whales have been recorded within nine years, 2012–2020 [43]. 
This suggests that beaked whale strandings on the Guatemalan coastline 
may be underestimated. The gray whale carcass found in Santa Rosa in 
January 2018 was a juvenile in a moderate state of decomposition 
(Fig. 3B). Based on the known species range [44], the carcass was most 
likely carried by the California current, which temporarily heads south 
during winter [45]. Gray whale records at low latitudes are unusual. The 
gray whale stranding documented in this note represents, to our 
knowledge, the second southernmost gray whale stranding record. The 
southernmost documented gray whale stranded on July 21, 2010 in 
Playas Negras, a beach in El Salvador [46], less than 300 km south from 
the stranded gray whale reported in this note. 

4.3. Seasonal information 

The high number of carcasses found during the dry season compared 
to the rainy season may provide insights into the influence of currents on 
stranding events [47,48]. Although significant differences were detected 
between the number of dead and live strandings in the dry season, these 
differences may be an effect of the low sample size. A systematic and 
thorough recording of stranding events together with additional 
oceanographic data are needed to strengthen these analyses. Humpback 
and gray whale strandings that occur in the dry season coincide with the 
time when both species move from the northern hemisphere to the 
breeding areas in the tropics [44,49]. Strandings of Bryde’s whale were 
recorded in both seasons which is consistent with the year-round dis-
tribution of the species in tropical regions [50]. 

4.4. Biological information derived from stranding 

Stranding records can provide valuable information on cetacean 
reproduction, including age at attainment of sexual maturity, period of 
pregnancy, peaks and phase of mating, birth, and calving [51–55]. 
Stranding events often provide the only available source of data on the 
biological parameters of rare and elusive species such as the dwarf 
sperm whale, melon-headed whale, and Bryde’s whale of which little is 
known. The stranding event of two dwarf sperm whales (mother-calf) 
recorded in February 2013 (Supplementary Material Table S1, Fig. 3C) 
provides a clear example. The adult dwarf sperm whale was a pregnant 
female with a fetus of less than 15 cm and still accompanied by a calf, 
suggesting that females of this species can give birth in consecutive 
years. The recorded fetus was in an early stage of development, similar 
to the fetus recorded in Nicaragua in December 2020 [32]. Fetuses from 
a later stage of development have been recorded in Colombia (~48 cm 
length) and Honduras (~65 cm length) during March and June, 
respectively [52,56]. The relatively small size of the fetus suggests that 
the birth would only occur later in the summer, as has been suggested for 
this species in the Central American Pacific and Colombian Caribbean 
[52,56,57]. 

For the melon-headed whale, little is known about the birth and 
breeding season. However, studies suggest that calving peaks in spring 
and summer in both the southern (e.g., [51]) and the northern hemi-
sphere (e.g., [58]). The average length at birth of a melon-headed whale 
is estimated to be ~1 m [28] and adults can grow up to 2.75 m. The 
1.5 m melon-headed whale calf that stranded in October 2011 was likely 
a young calf. However, due to limited information on growth rate for the 
species, estimating a precise season of birth is challenging. 
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Although the Bryde’s whale is thought to be a resident species in 
Guatemala [24,36,59,60], the stranding of an approximate 3 m long calf 
in August 2019 is the only evidence that this species breeds in the area. 

The estimated length at birth for this species is about 3.4–4 m [28], 
suggesting that the recorded calf was a very young individual, likely 
born at the start of the summer. However, contrary to other baleen 

Fig. 3. Photograph of the first documented species records in Guatemala for (A) Blainville’s beaked whale stranded alive in Santa Rosa on August 17, 2017. The 
beaked whale was returned to the sea by local residents. (B) A gray whale carcass stranded in Santa Rosa on January 24, 2018. It was buried on site. (C) A pregnant 
dwarf sperm whale and its calf stranded alive in Escuintla on February 27, 2013. The two individuals died and were buried on site. The main photograph shows the 
pregnant dwarf sperm whale and its fetus. Inserted photograph shows the adult female next to the calf (mother-calf pair). 

Fig. 4. Photographic examples of cetaceans stranded on the Pacific coastline of Guatemala with evidence of trauma likely associated with fishery interaction or 
vessel strike. (A–D) Cetaceans stranded with amputated flukes (tails) likely associated with fishery interaction: A) bottlenose dolphin stranded in Escuintla on October 
08, 2010, B) bottlenose dolphin found floating off the coast of Retalhuleu on February 10, 2012, C) pantropical spotted dolphin stranded in Santa Rosa on January 30, 
2020, and D) bottlenose dolphin stranded in Santa Rosa on February 28, 2021. (E–F) Cetaceans stranded with potencial trauma likely associated with vessel strikes 
(internal bleeding and broken bones): (E) striped dolphin stranded in Santa Rosa on October 26, 2014 and (F) dwarf sperm whale stranded in Escuintla on February 
27, 2013. 
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whales species, births of Bryde’s whale are known to occur throughout 
the year [32,61,62]. In Nicaragua, for example, a 4 m calf stranded in 
December 2020 [32]. 

4.5. Strandings potentially associated with anthropogenic activities 

Cetacean stranding data can drive and support management and 
conservation policies including those associated with anthropogenic 
impacts. We found that at least 10% of stranded individuals (n = 4) had 
their tail fluke amputated, suggesting interaction with fisheries [63,64]. 
The two coastal species, the bottlenose dolphin (n = 3) and the 
pantropical spotted dolphin (n = 1) were the affected species 
(Fig. 4A–D). Their coastal distribution [36] and greater interaction with 
artisanal and medium and large-scale commercial shrimp fishing likely 
increase their risk of being caught in fishing gear [65]. Fishing activities 
are widely distributed in the area and overlap with cetacean distribution 
[30]. Therefore, there is an urgent need to evaluate, quantify, and 
monitor the interactions of cetaceans with fisheries and boats. 

Likewise, the observation of at least 5% of individuals (n = 2) with 
internal bleeding and broken bones (Fig. 4E–F) could be related to 
trauma caused by, for example, vessel strike [63], or intra and inter-
specific interactions [66,67]. The species reported with potential trau-
matic injuries, the striped dolphin and dwarf sperm whale, are of 
oceanic habits, where the pressure associated with boat traffic in-
tensifies [68]. Species interactions appear as a less likely cause of 
stranding than vessel strike due to the lack of evidence of dental marks. 
However, more research is needed to draw conclusions. A photograph of 
a beached whale on October 29, 2007 suggested a Balaenoptera sp. with 
a missing fluke and a laceration in the rear portion of the body that could 
have been caused by the propeller of a ship; however, due to lack of 
resolution on the photograph, we excluded it from the statistics associ-
ated to boat collision. 

Due to the limited number of necropsies performed (4 of 39 
strandings), we were unable to evidence strandings associated with 
other potential anthropogenic impacts such as noise, plastic, and 
chemical pollution. 

5. Conclusions and implications for management, conservation 
and research 

This study highlights the importance of cetacean stranding records 
for management, conservation and research. Based on 39 stranding re-
cords collected between 2007 and 2021, three new cetacean species 
were recorded in Guatemala, the melon-headed whale, the Blainville’s 
beaked whale, and the gray whale. The department of Escuintla was 
identified as a potential stranding hotspot in the area. In addition, sea-
sonal and frequency patterns of stranded species were analyzed, infor-
mation on reproductive biology was collected, and possible 
anthropogenic impacts were documented emphasizing the need for 
continued monitoring and stranding response. 

In order to provide adequate and prompt response to cetacean 
strandings, as well as to improve future data collection and research, we 
recommend the establishment of a stranding network and the develop-
ment of stranding response protocols, which are nonexistent in 
Guatemala. Stranding response protocols should focus on data collec-
tion, biological sampling, and prompt response to stranding events, 
particularly live strandings. Outreach and dissemination of these pro-
tocols across coastal communities would be crucial for obtaining precise 
and standardized data, to avoid the release of calves and sick animals 
with low probability of survival, and to reduce the risk of injuries or 
diseases (zoonosis) on people of coastal communities or untrained vol-
unteers during stranding events. 

Inter-institutional efforts are essential to recover the skeletons of 
specimens and to store tissue samples for future research, such as toxi-
cological and genetic analysis. The recovery of specimens will require 
the creation of a cetacean collection or the accession to an existing 

biological collection supported by a university or research institute [69, 
70]. 

Management and conservation efforts focused on awareness of the 
impact of anthropogenic activities are needed to reduce the incidence of 
vessel strike, fishery interactions, acoustic and chemical pollution, and 
to improve the overall health of the marine ecosystem. Finally, we 
suggest implementing citizen science projects to record stranding events 
(e.g., [71]). In addition to obtaining stranding data, this initiative will 
raise awareness and involve authorities and the general public in the 
conservation of species. 
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[57] M. Suárez-Esquivel, N. Ruiz-Villalobos, G. Hernández-Mora, R. González- 
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