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Abstract — The small hive beetle (SHB), Aethina tumida, is a parasitic pest and scavenger of social bees native
to sub-Saharan Africa. It is a generalist species which can also reproduce in association with nests of stingless
bees, fruits, and even rotten meat. Although in its native range, it usually does not cause severe damage to strong
colonies and nests; it has invaded new areas worldwide, causing significant economic losses to social bees in
some locations. Here, we present an overview of the current situation of SHB invasion into Latin America by
describing its distribution, its impact on beekeeping and the commercialization of bee products, and its potential
risk to native bees. In addition, we discuss the strategies carried out in different countries to manage or prevent
its entrance and spread. Our findings highlight the need for further research efforts aimed at filling gaps in our
understanding of the dynamics of SHB invasions in Latin America, their sources, and trajectories. By contrasting
the experiences in countries in which preemptive and preventive measures were taken with countries in which
they were not, we conclude that taking such measures has a positive impact on managing SHB invasions. Late
notifications of SHB presence in some countries made it difficult to identify SHB dispersal routes and enabling
factors. Interactions of SHB with different honey bee and native bee populations remain under-studied, and
research on these interactions will determine the severity of SHB as a pest in the region. Latin America offers
a dynamic and diverse environment for studying SHB and its interaction with bees.
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1. INTRODUCTION

International trade of honey bees and their
products has negatively impacted honey bee
health due to the introduction of exotic pests and
parasites, which spread rapidly within a region or
country. Exotic pests and parasites often have the
capability to switch hosts, thus posing new threats
to native species. An example of such an invasive
species is the small hive beetle (SHB) Aethina
tumida Murray 1867 (Coleoptera: Nitidulidae),
a parasite and scavenger of Western honey bees,
Apis mellifera, originally described as endemic
to sub-Saharan Africa (Lundie 1940; Neumann
and Elzen 2004). Besides honey bees, SHBs
can also parasitize other groups of bees, such as
stingless bees (Apidae: Meliponini) (Lériga Pefia
et al. 2014; Nacko et al. 2020; Pereira et al. 2021),
bumblebees (Bombus spp.) (Hoffmann et al.
2008), and solitary bees (Gonthier et al. 2019).
Furthermore, the beetle can feed and complete its
life cycle on alternate plant hosts, including fruit
crops such as melon, avocado, mango, and orange
(Neumann and Elzen 2004; Buchholz et al. 2008;
Arbogast et al. 2010). A recent study showed that
SHBs could also feed on flowers (Gonthier et al.
2019).

The SHB has spread to new locations worldwide,
aided by the global honey bee trade. In particular, the
wax trade has been shown to be a major driving force
behind its spread (Idrissou et al. 2019). Currently,
SHB is colonizing territories outside its native range
on almost every continent (Neumann et al. 2016).
The SHB has been reported in the USA (Elzen et al.
1999), Egypt (Mostafa and Williams 2002), Canada
(Lounsberry et al. 2010), Portugal (Da Silva 2014),
Italy (Mutinelli et al. 2014; Granato et al. 2017), The
Philippines (Cleofas et al. 2016), Korea (Lee et al.
2017), Mauritius (Muli et al. 2018), Australia (Ani-
mal Health Australia 2003), China (Zhao et al. 2020,
Liu et al. 2021), and La Reunion (Arrété préfectoral
N° SALIMPSPAE-2022-965-D-2). The SHB was
first reported in Latin America (LA) in 2005, and has
since invaded several countries in the region (Genaro
2008; Caldero6n et al. 2015; Neumann et al. 2016;
Toufailia et al. 2017; Ramirez and Calder6n 2018).
Here, we present the first comprehensive account
of SHB invasion into Latin American countries, its
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current distribution in honey bees in the region, its
impact on beekeeping and the commercialization of
hive products, and its potential as a threat to native
bees including bumble bees, stingless bees and soli-
tary bees. Finally, we describe the strategies carried
out in different LA countries to prevent SHB entry
and spread.

2. CURRENT SITUATION OF A.
TUMIDA IN LATIN AMERICA

Timely reports of A. tumida in different coun-
tries are important to alert sanitary authorities
and beekeepers, and to establish monitoring
programs aimed at preventing dispersal into
neighboring areas or countries. Using World
Organization for Animal Health (OIE) reports,
communications with national sanitary authori-
ties, local reports, and regional and country level
published studies, we describe here chronologi-
cally, and by country, the approximate trajecto-
ries of SHB invasions. Finally, we use all this
information to provide a map that outlines the
current distribution of A. tumida in Latin Amer-
ica (Figure 1).

2.1. SHB in Jamaica

The first report of SHB in LA dates from
2005 in Jamaica (Food and Environment
Research Agency (FERA) 2010; OIE 2016a).
There is no information about the extent and
characteristics of this outbreak or if any con-
tainment measures were taken, probably because
the pest only became a notifiable disease to the
OIE a year later, in 2006. Semestral reports sub-
mitted to OIE from 2016 to 2018 indicated the
presence of the scavenger in managed bees, and
between 2017 and 2018 its presence was also
reported in feral bees (i.e., OIE 2016b). The only
measures taken as described in those reports
were “restrictions of movement, border precau-
tions and routine surveillance.” However, there
is no information regarding to what extent those
measures are implemented today on the ground.
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Figure 1. Political map showing the distribution of Aethina tumida in Latin America up to November 2022.
The SHB introductions in each country are shown in chronological order: (1) Jamaica (2005) (FERA 2010; OIE
2016a); (2) Mexico (2007) (OIE 2007); (3) Cuba (2012) (OIE 2012); (4) El Salvador (2013) (OIE 2013); (5)
Nicaragua (2014) (Calderén et al. 2015; OIE 2014b; c); (6) Costa Rica (2015) (OIE 2015b); (7) Brazil (2015)
(OIE 2016c¢); (8) Belize (2016) (OIE 2016b); (9) Colombia (2020) (OIE 2020a); (10) Guatemala (2020) (Garcia-
Ochaeta 2020); (11) Paraguay (2022) (OIE 2022a, b, c); (12) Bolivia (2022) (OIE 2022c). The countries in bold
refers to those where the SHB has been reported. The circled numbers refers to the first location where the SHB was
reported in the country, and the following reports are indicated in chronological order. An amplification of Mexico
and Costa Rica are shown to follow its dispersal in detail.
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2.2. SHB in Mexico

In 2007, the SHB was detected in Africanized
honey bee (AHB) colonies in Coahuila, Mexico,
in an apiary near the border with the USA (OIE
2007). This apiary was immediately eliminated,
and the beetle was assumed to have been eradi-
cated. However, it was later detected in 2008
in Guanajuato and in 2010 in Nuevo Leon and
Tamaulipas. Considering the containment meas-
ures taken at the focal point of detection, the low
colony density of this region (<0.1 colonies/km?)
(SIAP-SADER 2022) and that migratory beekeep-
ing is not practiced in this area; local authorities
hypothesize that later reports of SHB detection
(2008, and 2010) were due to independent entry
events from the USA. However, considering that
the beetle was detected in the middle of the country
(Guanajuato) one year after the first report, it can-
not be ruled out that SHB was not completely eradi-
cated from Coahuila in 2007 and it spread south-
wards unnoticed. In 2012, it was detected in San
Luis Potosi, close to Guanajuato. During the same
year, it was also reported in Yucatan and Quintana
Roo, both southern states located in the Yucatan
peninsula (Medina-Medina et al. 2013). Because
the report in the central region (San Luis Potosi)
and the Yucatan peninsula occurred at the same
time, and because of the distance involved, the
reports from Yucatan most certainly correspond
to an independent arrival, directly into the port,
as probably occurred in the USA and Italy (Hood
2000; Neumann and Elzen 2004; Granato et al.
2017). Due to the high density of managed colonies
(3.3 to 9.8 managed hives/km?) and wild swarms
(12.5 to 37.5 feral nests/km?) in the Yucatan penin-
sula (Quezada-Euan and May-Itza 1996), an eradi-
cation plan based on the elimination of infested
apiaries was not feasible. Consequently, contain-
ment measures taken for the Eastern and Southern
part of the country corresponded only to restric-
tions on the movement of colonies. From 2007 to
2015, A. tumida was reported in at least 15 of the 32
Mexican states, with the most significant incidence
of positive reports registered for the states of the
Yucatan Peninsula (Yucatan, Campeche, and Quin-
tana Roo), where 37% of the country’s managed
colonies are concentrated (Medina-Valdez 2015;
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SIAP-SADER 2022). Under the tropical conditions
of this area, the numbers of SHB adults present in
AHB showed a marked seasonal fluctuation, with
the highest numbers detected during the warm
and humid months of the rainy season (October
and November, with a total of 111 and 120 SHBs,
respectively), and a much lower number at the
beginning of the dry season (February, with a total
of 21 adults) (Tucuch-Haas et al. 2020). Increased
soil temperature and moisture during rainy seasons
have a favorable impact on the survival and devel-
opment time of SHB pupae (Cornelissen et al.
2019) helping to explain why more SHB adults
are registered within honey bee colonies during
these periods. Similar seasonal fluctuations in SHB
population sizes have been reported for European
honey bee colonies (EHB) in the Southeastern USA
(De Guzman et al. 2010), in Australia (Annand
2011), and for African honey bees in Kenya (Torto
et al. 2010). The low number of larvae found inside
colonies and the absence of important economic
losses would suggest that the reproductive potential
of SHB in AHB colonies in Mexico is low (Garcia-
Martinez et al. 2013; Medina-Medina et al. 2013;
Carrillo-Rodriguez and Medina-Medina 2016).

In 2018, SHB was declared endemic to the
entire Mexican territory, as it was considered
to be a low-risk pest, from the epidemiological,
economic, and public health point of view, and
can be controlled through good management
practices (SAGARPA-SENASICA 2018). This
declaration implies that it is no longer mandatory
to report the presence of the pest, rendering offi-
cial information regarding its dispersal and cur-
rent distribution unavailable, hindering a further
understanding of the beetle’s dispersal, the fac-
tors influencing this dispersal, and the evaluation
of the efficacy of confinement measurements, if
any were taken at a given location.

2.3. SHB in Cuba

Five years after its arrival into Mexico, in July
of 2012, SHB was reported in Villa Clara, Cuba
(OIE 2012). During the following years, several
outbreaks were reported throughout the country,
including reports from Artemisa, Mayabeque, La
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Habana, Sancti Spiritus, Ciego de Avila, Matan-
zas, Pinar del Rio, and Cienfuegos (OIE 2014a).
Therefore, SHB is expected to have successfully
invaded the entire island. Although in Cuba, only
EHB are reported to be present (Yadro-Garcia
et al. 2020), no severe cases of SHB infestation
have been reported to date. In addition, the SHB
larvae have never been found inside colonies,
and only adult beetles were detected. This may
be associated with a low level of reproduction
(Spiewok and Neumann 2006), or to the repro-
duction in feral colonies, being unnoticed by bee-
keepers. Anyway, no significant damages to col-
ony integrity, like the destruction of honey and
pollen chambers, brood combs, or colony losses
due to SHB infestation, have been reported yet
in colonies maintained with good management
practices (OIE 2014a).

2.4. SHB in El Salvador

In Central America, the presence of SHB was
first reported in December of 2013 in AHBs from
Sonsonate, El Salvador (OIE 2013), in 11 out of
47 colonies from an apiary. During the follow-
ing weeks, SHBs were detected in other loca-
tions in the country, including Las Victorias, Las
Delicias, La Ceiba, El Botoncillal, El Corozo,
Cara Sucia, Montano, El Cimarrdn, Juan Hig-
inio, Las Flores, El Tunal, Tecoluca, Tenancingo,
and Santa Cruz Minchapa (OIE 2014b). SHB
positive colonies were not eliminated, quaran-
tined, and restricted of movement as containment
measures were applied (OIE 2014b).

2.5. SHB in Nicaragua

A few months later, in March 2014, SHB
was reported in AHB in Nicaragua (OIE 2014bj;
Calder6n et al. 2015), in the locality of San
Juan del Sur, Department of Rivas (southern
part of the country), about 8 km north of the
border with Costa Rica. Adult beetles and lar-
vae were found in a commercial apiary during
an inspection with instructional purposes that
was being conducted by honey bee researchers,
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and were later officially reported as SHBs by
the Official Veterinary Service. Seventeen from
a total of eighteen colonies resulted positive
(OIE 2014c). Inspections carried out in perifo-
cal areas found two new outbreaks in neigh-
boring communities, where adult beetles and
larvae were detected (OIE 2014d). Epidemio-
logical control measures included the disin-
fection of work equipment, monitoring of the
affected colonies, and training of beekeepers
in the area were performed, but affected colo-
nies were not eliminated. In 2015, sampling
schemes were carried out in the affected zones
and in the rest of the municipalities of the
department of Rivas, without finding newly
infested apiaries; therefore, the outbreak was
considered resolved (OIE 2014e). In parallel to
these activities, treatments with lime (calcium
oxide) and the placement of contact traps for
SHB were carried out. Despite these efforts,
new outbreaks were later reported in Managua
(2016), Esteli, Lechecuagos, and Madriz (OIE
2014f). Although no other outbreaks have been
reported to OIE since then, the beetle most cer-
tainly is still present in the country.

2.6. SHB in Costa Rica

After the Tropical Beekeeping Research Center-
National University (CINAT-UNA), Calderén
et al. (2015) confirmed the presence of the SHB
in Nicaragua; the National Animal Health Ser-
vice (SENASA) of Costa Rica placed a “sentinel
apiary” with four AHB colonies in Santa Cecilia-
La Cruz, Guanacaste, close to the border. These
colonies were visually monitored by examining
individual frames, hive covers, and bottom boards
for each colony (Cornelissen and Neumann 2018).
Sentinel apiaries are established in different con-
texts as early warning systems to alert of sanitary
problems, in this case to perform periodical SHB
surveillance and maximize the likelihood of detec-
tion in an area close to a potential point of entry
(SENASA 2020). In August 2015, SHB adults
were detected in the sentinel apiary (OIE 2015a).
Those colonies were immediately eliminated, and
movement was restricted to and from this region.

INRAZ $D|B @Springer
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Months later, the apiary was reinstalled, and SHB
specimens reappeared shortly (OIE 2015b). Simul-
taneously, a nationwide monitoring program car-
ried out between 2014 and 2017 by the Bee Pathol-
ogy Program of CINAT-UNA confirmed that SHB
remained restricted to the original detection site.

The Nicaragua to Costa Rica trajectory, as
described, allows us to underline two impor-
tant points: first, once the beetle spreads within
a country (as it was the case in Nicaragua),
the invasion to border countries is a recurrent
threat, and carefully positioned sentinel apiar-
ies are a useful means to achieve early detec-
tion of the invader; second, the adoption of
timely confinement measures such as restrict-
ing colony movement in areas with low colony
densities (as was the case in North-West Costa
Rica) are effective to prevent or slow down SHB
dispersal (SENASA 2017a, b; Ramirez and
Calder6n 2018).

Nevertheless, in September 2018, adult speci-
mens were found in a wild honey bee swarm
located in Heredia-Central Valley in the middle
of the country (about 265 km south from the first
detection site). Since (i) no reports prior to this
event occurred at nearby locations, (ii) no inten-
sive beekeeping is practiced at the focal point of
detection in the Central Valley, and (iii) this point
is located nearby an important fruit distribution
center that receives fruits from all over Costa Rica,
including Guanacaste. Calderén and Ramirez
(2019) hypothesized that the beetles found in the
Central Valley could have arrived in fruit trans-
ported into the facility from Guanacaste. No other
reports of the beetle in central parts of the country
have occurred since then. However, in October
2019, A. tumida was confirmed in a commercial
apiary in Liberia, Guanacaste, approximately
25 km south from the initial point of detection in
the country (Arguedas et al. 2020). In addition,
10 colonies of the stingless bee Melipona beecheii
located near the first point of detection in La Cruz,
Guanacaste, were visually inspected by checking
inside the colonies, and no SHBs or signs of infes-
tation were found (Calderén and Sanchez 2021).

Currently, the monitoring program of SENASA
involves 12 commercial apiaries that have been
designated as sentinel apiaries for epidemiological
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surveillance and are located in a south-east direction
from the two previous points of detection within the
Guanacaste Province, from Liberia to Santa Cruz
(Ana Cubero Murillo, unpubl. data). Colonies
were monitored monthly and visually by checking
frames, hive covers, and bottom boards for each
colony (Cornelissen and Neumann 2018). Aethina
tumida has so far been detected in seven of these
apiaries (Guisela Chéves Guevara, unpubl. data).

2.7. SHB in Brazil

The first report of SHB in South America dates
to March 2015 in Brazil, probably as an independ-
ent introduction. SHB was detected in a small api-
ary from the Laboratory of Useful Insects of the
University of Sao Paulo, located in Piracicaba, state
of Sao Paulo, in the southeastern part of the coun-
try. This finding occurred presumably due to the
intensive colony inspections typically carried out
at a university research and teaching apiary, and
only adult specimens were found (Toufailia et al.
2017). In the experimental apiary where the bee-
tle was first detected, the colonies were not elimi-
nated, and no containment measures were taken
(Toufailia et al. 2017). The final confirmation of
SHB’s identity and official notification occurred
in February 2016 (OIE 2016c), 11 months after
the initial report. A regional evaluation was done
within a radius of 20 km from the focal point, and
several meetings with authorities of beekeeping
associations and related industries took place in
order to guide in the detection, notification, and
implementation of measures to prevent and control
the spread of the beetle (OIE 2016c). In addition, in
2018 and 2020, the Department of Animal Health
published recommendations which include: the
periodic inspection and immediate “disinfestation”
of affected colonies, limitation of the movement
of infected colonies, procedures for the extraction
and processing of honey and other bee products,
and an epidemiological surveillance plan (SEI/
MAPA 2019). However, several outbreaks were
detected in the same region during 2016-2017
(OIE 2016d), where adult SHBs and larvae (pos-
sibly A. tumida) were found. At the same time, new
outbreaks were reported in the neighboring state of
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Rio de Janeiro (OIE 2016d; Pereira et al. 2019). In
the Rio de Janeiro cases, larvae were only found
in depopulated (abandoned) hives which contained
remaining food (honey and pollen), suggesting
SHB reproduction within these colonies (Hood
2000; Neumann and Elzen 2004).

In January 2019, SHB was reported in the
Center-West Region (state of Mato Grosso do Sul)
(IAGRO 2019), in the Southeast Region (state
of Minas Gerais) (IMA-01 2019), and the South
Region (state of Parand) (Agencia de Defesa Agr-
opecuaria do Parana (ADAPAR-GSA 01) 2019),
being declared in this state as a “disease limited to
one or more areas” (personal comm. Abrego, L.G./
MAPA, 2021). It was later notified in the state of
Goias, in the Center-West Region of the country
(GESAN 2020).

The rapid spread of SHB to several Brazilian
states could be attributed to migratory beekeeping
and the lack of early detection strategies. Brazil,
with more than 8.5 million square kilometers of
surface area, is a Federal Republic, organized in
states which exercise autonomy regarding their
sanitary institutions, inside their federative units,
and whose level of interaction in this respect varies
widely. In other words, local responses regarding
animal health policies might differ from one state
to the next, but only if more restrictive than what
is established by the most federal level (that is dis-
ciplined by the Ministry of Agriculture, Livestock
and Food Supply). This scenario has made it chal-
lenging to implement a national strategy for early
detection of this pest that could have effectively
prevented its spread through the country, as clearly
illustrated by the pattern of reports described
above. This means that at present, there is a high
risk of persistent and continued SHB dispersal into
other northern and southern states within the coun-
try and ultimately to neighboring countries.

2.8. SHB in Belize

In 2016, SHB was reported in Belize (OIE
2016e), in Consejo, Corozal district, a coastal
town near the border with Mexico, where adult
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specimens were detected. In July 2017, the Minis-
try of Agriculture carried out a national SHB sur-
vey and inspected 95% of the apiaries in the coun-
try. SHB infestation was only confirmed in Corozal,
where all 277 hives were infested, and 67% were
categorized as heavily infested. In March 2018,
new outbreaks were confirmed in three apiaries of
the neighboring Orange Walk district (OIE 2018).

After the management of infested hives and
containment measures were taken (control of
hive movements in and out of the infested dis-
tricts to the rest of the country), the outbreaks
were considered as solved (OIE 2018).

2.9. SHB in Colombia

In October 2020, SHB was reported in AHB
in Colombia, in the state Risaralda (in the Pereira
municipality) (OIE 2020a). Two weeks later, two
new outbreaks were reported at about 200 km,
in Valle del Cauca (Palmira municipality) (OIE
2020a; OIE 2020b; Numa-Vergel et al. 2021).
Only adult specimens and one larva were recov-
ered, and no damage to the colonies was reported.
Following inspections that confirmed SHB was
present in areas adjacent to where the pest was
first identified; it was decided to declare A.
tumida as an endemic pest in the country (Tech-
nical Direction of Animal Health-Agricultural
Colombian Institute- ICA 2022, pers. comm).

The containment protocol in Colombia
requires the complete elimination of larvae and
adults, as well as removing contaminated combs;
but incineration of the hive is not mandatory.
Currently, the reported events cannot be consid-
ered as resolved and the situation is considered
as stable, meaning there is no evidence of colony
deaths solely caused by SHB (Technical Direc-
tion of Animal Health-Agricultural Colombian
Institute- ICA 2022, pers. comm).

2.10. SHB in Guatemala

The first report of A. tumida at Peten Depart-
ment Guatemala in AHB was published in
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August 2020, when adult specimens were
detected feeding on honey and pollen (Garcia-
Ochaeta 2020; OIE 2021). Authorities hypoth-
esized that the entrance was associated with the
mobilization of colonies in border areas. Peten
borders Belize in the east and México in the west
and north. A monitoring program carried out in
different areas of Peten confirmed the presence
of adult beetles in six different municipalities and
larvae in only one (Garcia-Ochaeta 2020).
Containment measures included placement of
traps to capture and eliminate beetles, prohib-
iting the mobilization of hives and their prod-
ucts within the department of Peten and to other
departments, and continuous training for local
and national beekeepers on good beekeeping
production practices and trapping (OIE 2021).

2.11. SHB in Paraguay

The first detection of SHB in Paraguay was
confirmed in May 2022 in 21 colonies from an
apiary located in the District of Pedro Juan Cabal-
lero, Amambay province, a province bordering
Matto Grosso do Sul, Brazil. The colonies with
high numbers of beetles, detected immediately
after opening the hive, were incinerated. The
remaining colonies were transferred to new hives
and maintained in the same place. The inert mate-
rial was disinfected by submerging it in containers
with boiling water for a few minutes, and the floor
was covered with lime. A perifocal area was estab-
lished, about 100 km around the initial report, and
apiaries within this area were inspected once a
month. Beetle blaster traps were used for monitor-
ing. Sanitary authorities held meetings with local
beekeepers to discuss monitoring and manage-
ment methods, and recommended the restriction
of colony movements (OIE 2022a).

Authorities of SENACSA (Paraguay) are in
contact with SENASA (Argentina) to discuss
the evolving situation, and the procedures car-
ried out by the Paraguayan service to contain the
disease. Their plan is to carry out a nationwide
surveillance and training program. Until Novem-
bre 2022, no other outbreaks have been detected
in this country (OIE 2022b).
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2.12. SHB in Bolivia

In the case of Bolivia, SHB was first reported
in June 2022. SHB adults were found in one
of three newly established colonies in Machaj
Marca, Vinto, Department of Cochabamba, in
the central part of the country (OIE 2022c), a
location distant to any border: at about 670 km
from the border with Brazil and 550 km from the
border with Paraguay. These colonies had been
established from nucleus colonies that had been
brought in from Santa Cruz de la Sierra, Depart-
ment of Santa Cruz. The infested colony was
destroyed, and an epidemiological study was car-
ried out within a radius of 13 km? (OIE 2022c¢).
The presence of SHB was soon confirmed in a
second apiary out of 16 apiaries located within
the peripheral surveillance area to the point of
first detection.

As aresult of this initial report, and in response
to beekeeper demands, SENASAG started trace-
ability efforts to determine if beetles were present
in the Department of Santa Cruz, and at other
locations known to commonly receive nucleus
colonies from sources located there. The pres-
ence of SHB was almost immediately confirmed
in three apiaries located in areas peripheral to the
city of Santa Cruz de la Sierra, and in a single
location further south in the Department of Chu-
quisaca (OIE 2022c). Based on this succession
of events, the most likely scenario is that SHB
was present in Bolivia much earlier and remained
below the detection threshold or was noticed by
beekeepers but not perceived as a threat to their
operations. This situation may have presum-
ably occurred because of SHB cryptic low-level
reproduction (Spiewok and Neumann 2006) when
associated with AHB colonies in the lowlands
of Bolivia (corresponding to the Department of
Santa Cruz, 400 masl), where continuous bee-
keeping in large-scale operations is practiced
and nucleus colonies are produced. In addition,
warnings or training sessions to familiarize Boliv-
ian beekeepers with the incoming threat were not
implemented, and it is likely that most beekeep-
ers remained unfamiliar with SHB until the first
report was issued. SHBs may have caused more
evident damage when associated with weaker
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colonies at the inter-Andean valley of Cocha-
bamba, where honey bees are exposed to thermal
and nutritional stressors characteristic of more
marked seasonal cycles at much higher altitudes
(2500 masl).

The Bolivian case of SHB invasion and
reporting may illustrate to a great extent a pat-
tern common to countries where no preemptive
measures (surveillance strategies, educational
campaigns, and projects aimed at early detec-
tion) are implemented before the arrival of the
invasive pest. This context may have detrimen-
tal effects, when the invading pest can evade
detection or extend its range while maintain-
ing itself below a detection threshold, until out-
breaks are triggered by constraining conditions
for honey bee colonies. However, this pattern
may be the rule, rather than the exception, for
many of the above described cases in other
countries in Latin America. Furthermore, this
case also highlights the limitation of report
dates as indicators of SHB arrival into a region,
as in many cases, those dates may correspond
to outbreak events after the invader has become
established. In any case, it remains elusive to
determine to what extent the lag in reporting
can be attributed to the beetles passing com-
pletely undetected or due to their detection but
not reporting due to lack of beekeeper training
or them not being perceived as a threat.

3. TRACING SMALL HIVE BEETLE
INVASIONS IN LATIN AMERICA

There is no conclusive information on
whether this parasite’s entry and dispersion
routes into the different Latin American coun-
tries has been through natural dispersal or the
result of human activities such as commer-
cialization of bee colonies (legal or illegally),
fruit transportation between countries, or car-
ried over with other goods. Following the dates
and locations of SHB reports throughout Latin
America, it is possible, but not conclusive, that
the beetle was first introduced into Jamaica prob-
ably via beeswax trade from the USA (Idrissou
et al. 2019). Next, the beetle most likely entered
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Mexico through natural dispersal from the USA
(Figure 1). Genetic analysis does support these
two hypotheses since beetle populations from
both countries have haplotype Hap 11 which is
characteristic of USA and Tanzanian SHB popu-
lations (Idrissou et al. 2019). Following its entry
into Mexico, either from the north or through an
independent arrival into the Yucatan peninsula,
or both, SHB dispersed southward following the
continental route through the Central American
isthmus, arriving in Colombia in 2020 (Fig-
ure 1). Based on the absence of earlier reports
of SHB in countries bordering Brazil, the pres-
ence of the beetle in this country may be due to
a separate isolated introduction event into Sao
Paulo, followed by dispersal within the country,
as strongly suggested by the pattern of the Bra-
zilian reports. Based on molecular analysis, the
source of this Brazilian invasion is probably the
USA (Cordeiro et al. 2019; Idrissou et al. 2019).
In this hypothetical scenario, the later reports of
SHB in Belize and Guatemala might reflect a
lag in reporting the parasite rather than its actual
absence (Figure 1).

Setting aside the differences in geographic
scale, location, and country size, we can draw
some conclusions about the outcomes of SHB
invasion in a country that had put in place
preemptive measures versus countries in which
those were absent altogether. The Costa Rica
case strongly supports the notion that by imple-
menting sentinel apiaries de nuovo or designat-
ing commercial apiaries as sentinels for contin-
ued monitoring, a degree of containment and
deceleration of the invasion could be attained.
Most importantly, the detection of SHB at the
purposefully established sentinel apiary near
the border with Nicaragua most likely provided
a better grasp of the dynamics at the early stages
of the invasion process. The later placement of
other sentinel apiaries following the putative tra-
jectory of the invasion, and the confirmation that
SHB was indeed following this route, accompa-
nied with measures to restrict the movement of
colonies in and out of the region, may pay off in
terms of slowing down SHB spread and allow
for the tracking of the invasion, anticipating SHB
movements. Yet, the fact that SHBs were found
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associated with a swarm in the Central Valley
three years after the first report illustrates that this
approach is not devoid of gaps, and that we may
be underestimating the potential of SHB to be
transported by alternative means, such as other
bee species, or associated with other types of
incoming freight, originating in or nearby the
areas of early detection.

As a contrasting case, if we observe the lat-
est country in which SHB has been reported,
Bolivia, where absolutely no preemptive meas-
ures were taken, as was the case for most of the
countries in the region, the first thing we notice
is that the date of the first OIE report becomes
uninformative in terms of the dynamics of the
early stages of the invasion. On the contrary, the
report in these cases most likely corresponds to
an outbreak induced in an already established
population that was released from the constraints
that kept it in check, motivating a report based
on the perceived potential economic damage; or
alternatively, by the fortuitous encounter with
informed bee researchers, as it was the case
for the first reports from Nicaragua and Brazil.
Indeed, the first proposition may have also been
the case for SHB invasions into the Yucatan pen-
insula, Guatemala, El Salvador, and Colombia.
Another striking point accompanying this pattern
is that once sampling strategies are extended to
a larger geographic region within a country, fol-
lowing the initial report, SHB presence is shortly
confirmed at multiple locations. In most cases,
i.e., when SHB has affected the wild populations,
it seems certainly too late to implement coun-
trywide eradication measures, since not all wild
bee nests can be found. In the short to middle
term, sanitary authorities opt for declaring SHB
as endemic, as it was the case in Mexico and
Colombia.

Colony density and the migratory beekeeping
practices in the first detection play an important
role in the success of early eradication measures,
as illustrated by the cases in northern México
and Costa Rica. The reports from northern Mexi-
can states bordering the USA (Coahuila, Nuevo
Leon, and Tamaulipas) with an incipient bee-
keeping industry (<0.1 colonies/km?) and no
migratory beekeeping are thought to correspond
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to independent arrivals. Eradication measures
taken in those states may have slowed down the
southward movement of the pest, which only
appeared three years later in central Mexico. The
conditions and outcome were similar in north-
ern Costa Rica (Guanacaste). In contrast, after
the introduction in Yucatan peninsula (Mexico),
an area with very high colony densities, SHB
quickly spread to multiple apiaries, making erad-
ication simply impractical.

When interpreting these patterns solely based
on the dates of the reports, it is important to con-
sider that one of the most striking characteristics
of the region is its great diversity, not only in
terms of habitats that might serve as corridors
for the scavenger dispersal, but also its socioeco-
nomic diversity, which is linked to the uneven
distribution of beekeeping operations. Further-
more, we must consider its political diversity,
which impacts each country’s differential priori-
ties in terms of sanitary programs, often guided
by which commodities are more tied to their
economic needs and growth. All of these have a
profound impact on the surveillance strategies,
if any, that different countries carry out at any
given time and consequently impact the chance
to properly and timely report the presence of the
beetle and subsequently implement or not con-
tingency strategies.

Considering the above-described regional
context, genetic studies of SHB populations in
the continent will enlighten our understanding
of the biogeography and the epidemiological
factors associated with the beetle’s success. The
speculative pathways of invasion we have out-
lined here require its confirmation by molecular
approaches, and further contextualize the dis-
tribution and extent of SHB invasion in greater
detail. Moreover, the diversity of the region in
terms of honey bee populations, degrees of afri-
canization, alternative bee and non-bee hosts, as
well as beekeeping practices provide a unique
scenario where to analyze which factors are
shaping SHB distribution and adaptation in this
region; a region where the beekeeping industry
has a preponderant role in some countries and an
emerging status in others. Altogether, this back-
ground and the basic summary of SHB reports



Current status of the small hive beetle Aethina tumida...

we have gathered here, clearly underline the need
for the countries in the region to implement joint
research strategies, beyond surveillance efforts,
with committed economic and political support
to structure meaningful programs to mitigate
the negative impacts of SHB for apiculture,
meliponiculture, and the local bee fauna.

4. SMALL HIVE BEETLE THREATS
TO NATIVE BEE SPECIES IN LATIN
AMERICA

In addition to the threats that SHB represents
for honey bee colonies, it remains a potential
hazard to native stingless bees and bumblebees
(Ambrose et al. 2000; Hoffmann et al. 2008;
Bobadoye et al. 2018; Nacko et al. 2020; Pereira
et al. 2021; Toledo-Hernandez et al. 2021), as
well as other native solitary bees in Latin Amer-
ica. SHB can complete their entire life cycle in
a species of the family Megachilidae, Megachile
rotundata (Gonthier et al. 2019). Therefore, the
impact of this pest for native bees should be
evaluated considering whether it represents a real
threat or danger for the survival of their popula-
tions, which is yet to be done.

Currently, =426 species (in 31 genera) of
native stingless bees are reported in the Neo-
tropics (Griiter 2020), and several of them are
widely used in meliponiculture, an ancestral
practice that has been maintained in rural com-
munities due to its cultural and economic value
(Quezada-Euén et al. 2018). For example, for the
Maya ethnic groups, the stingless bee Melipona
beecheii Bennett is one of Mesoamerica’s most
important managed species (Quezada-Euén et al.
2018).

In Cuba (Matanzas and Mayabeque prov-
inces), Loriga-Pefa et al. (2014) reported the
presence of adults and larvae of A. fumida in
managed colonies of M. beecheii. Of 258 man-
aged M. beecheii colonies that were inspected,
seven (2.72% of the total colonies) were infested
with SHBs. Two of these colonies were trans-
ferred from wild nests into artificial hives. One
week after the transfer, larvae were observed in
the pollen pots and hive floor; in the other five
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colonies, only SHB adults were observed, rang-
ing in number from 6 to 21 individuals.

In Mexico (Yucatan), SHB adults have also
been observed inside M. beecheii nests; never-
theless, few individuals (12 individuals in total)
were collected during an inspection carried out
in 50 managed nests and no damage such as the
destruction of pollen and honey pots, or the loss
of stingless bee colonies due to this pest have
yet been reported (Hernandez-Torres et al. 2021).

These results are like those observed by
Pereira et al. (2021) in Brazil (Rio de Janeiro),
where the presence of SHB was reported inside
the nests of the stingless bee Melipona rufiven-
tris from two different locations, where colonies
were recently split or were very weak, with low
bee populations.

These observations show that SHBs can infest
managed Melipona spp. colonies and disturb
them. Newly transferred and recently divided
colonies may be at special risk when stingless
beekeepers do not adopt good and appropriate
management practices.

Although the volatiles of the whole colony,
mainly pollen, stored honey, and brood, from
stingless bees (Bobadoye et al. 2018) and bum-
blebees (Graham et al. 2011) are attractants for
SHB adults, and females can quickly invade their
colonies, these bees displayed a repertoire of
behaviors to avoid the presence of this pest inside
their nests. For example, Bombus impatiens can
defend their nest by eliminating SHB eggs and
larvae and the latter are finally stung (Hoffmann
et al. 2008). In the stingless bee species Aus-
troplebeia australis and Trigona carbonaria, it
has been observed that the workers are efficient
in rapidly removing SHB eggs and young lar-
vae (<3 days old), and adults are immediately
mummified and entombed alive inside the nests
(Greco et al. 2009; Halcroft et al. 2011).

The use of resins in stingless bee nests is
fundamental for the function of the colonies.
Resins are important materials for the construc-
tion of their brood combs, pots for the storage
of honey and pollen, and involucrum, as well
as for the protection of their nests against cer-
tain predators and pests. In the case of SHB,
studies carried out in a few species determined
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that stingless bees apply resinous substances
on the body of the invaders, which confers
these stingless bees an advantage for counter-
acting the presence of SHBs within their nests
(Shanahan and Spivak 2021). In A. mellifera,
different behaviors displayed by the workers
toward SHB adults and immatures have been
described (Neumann and Elzen 2004; Neumann
et al. 2016); similar studies should be extended
to other stingless bee species, mainly those that
are managed by meliponiculturists throughout
Latin America, to determine if they exhibit
avoidance or resistance mechanisms to inva-
sions by this pest. The degree of the effective-
ness of such mechanisms should be determined.

5. IMPACT OF SMALL HIVE BEETLE
ON BEEKEEPING IN LATIN
AMERICA

There are no specific studies or reports regard-
ing the impact of SHB on European or Afri-
canized honey bee colonies in Latin America.
However, as reported in other geographic areas,
some stress factors can increase the vulnerability
of colonies to A. tumida infestations, including
poor beekeeping practices (mismanagement of
space within colonies) and queen-related prob-
lems (queen losses, queen supersedure or drone-
laying queens) (Spiewok and Neumann 2006).
These factors seem to be especially important
in our continent since the detection of SHB in
Latin American bees has been associated with
weak colonies (Toufailia et al. 2017; Pereira
et al. 2021). Mustafa et al. (2014) reported
that honey bee colonies with a large number of
worker bees did not show any damage related to
SHB infestation. In contrast, colonies with lower
bee numbers showed the presence of larvae or
colonies collapsing, indicating that weak colo-
nies are unlikely to prevent SHBs from repro-
ducing by killing or removing eggs and larvae.
Consequently, beekeeping management prac-
tices should aim at preventing the emergence of
weakened colonies, which implies that beekeeper
education and training activities are key tools to
attain this objective.
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Considering the resistance mechanisms dis-
played by African honey bees (Neumann and
Hartel 2004; Neumann et al. 2016) and that the
africanization process is widely extended in
Latin America (Whitfield et al. 2007), the repro-
ductive success of SHB in AHB is expected to
be limited. However, the presence of large areas
where EHB populations are prevalent in coun-
tries and regions within countries with a bee-
keeping industry already focused on the inter-
national trade of biological material (queens,
nucleus colonies, etc.) such as Chile and Argen-
tina, actually free, could have two main conse-
quences: first, areas with high EHB populations
may serve as reservoirs for subsequent invasions
(Araneda et al. 2021); second, SHB invasion
into those areas could have an indirect negative
impact for the beekeeping industry, because los-
ing the “free of A. tumida status” may bring out
the possibility of denied access to some markets
where queens and nucleus colonies are currently
exported. Additionally, Mexico, Argentina, and
Uruguay are three of the main honey exporters
worldwide (FAOSTAT 2022). Considering the
increased risk for honey fermentation associ-
ated with SHB presence, it is possible, but not
certain, that some honey trade problems could
arise, which might call for the implementation
of additional quality control measures and/or
certification requirements.

6. ACTIONS CARRIED OUT BY LATIN
AMERICAN COUNTRIES
TO PREVENT SMALL HIVE
BEETLE ESTABLISHMENT
OR DISPERSAL

Considering the potential damage of SHB
to honey bees and native bee species and their
biological, cultural, and economic relevance, the
prevention of SHB spread throughout the con-
tinent should be a regional priority. Although
there are some bilateral cooperation strategies
addressing the issue, there is no regional con-
tingency plan currently agreed upon by all Latin
American countries.
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Different countries have implemented differ-
ent and disjoint strategies for SHB early detec-
tion or to prevent its spread (Tables I and II),

mainly:

e Interactions between national sanitary agen-
cies, authorities, and researchers to design e

joint actions.
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e Epidemiological surveillance: establishing
networks of sentinel apiaries with periodic
inspections, with or without traps. Sentinel

apiaries are purposefully located in areas with
a high probability of SHB entrance, mainly

close to international borders.
Training programs directed to technicians

and beekeepers focused on SHB recognition

Table I Actions carried out in different Latin American countries where SHB has not been reported (indi-
cated as yes or no when were taken), for early diagnosis, or prevention of SHB entrance or dispersal

Actions

Argentina

Chile

Uruguay

Declaration of SHB-free

Epidemiological surveillance
(networks of sentinel apiaries
with periodic inspections, close to
international borders)

Training programs directed to
technicians and beekeepers
focusing on SHB recognition,
identification, importance of
early diagnosis, potential impact
on beekeeping and method for
colony inspections. Distribution
of flyers and brochures

Implementation of border control
protocols or restrictions for
products representing a high
risk for SHB introduction from

countries with reported cases (inc.

honey bees or bee products)

Requirement of complementary
phytosanitary certification for
imported fruit from a country
with SHB

Interaction between sanitary
agencies, authorities, beekeepers,
and researchers, to design actions

Design of a mobile phone
application to recover information
from beekeepers and technicians
regarding suspicious specimens
and their localization

References

Yes

Yes (59 apiaries in 20/23 provinces,
with traps)

Yes

Yes

Yes

Yes

Yes (Mobile phone application
name: SIG-APP)

SENASA 2017a, b, health alert
(No. 302/2016), Bulacio Cagnolo
et al. 2017; Bulacio Cagnolo 2018

Yes
No

No

Araneda
et al.
2021

No

YES (Inspection of commercial
colonies closed to the borders)

No

Juan Campa, DILAVE, personal
comm
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and identification, the importance of early
detection, the potential impact on beekeep-
ing and methods for colony inspection. These
programs should include the distribution of
training materials (flyers and brochures with
images illustrating different stages of the
beetle life cycle) directed to beekeepers and
personnel from honey extraction rooms to
facilitate SHB recognition and identification.

7. FINAL CONSIDERATIONS

The small hive beetle in Latin America was
first reported in 2005 in Jamaica; since then,
eleven LA countries have officially reported its
presence (OIE 2007; FERA 2010; OIE 2012,
2013, 2014b, c; Calderén et al. 2015; OIE
20150, ¢, 2016a, b, 2020a, Garcia Ochaeta 2020;
OIE 2022a, b, c). Though limited information
is available concerning its impact on honey
bees and native bees in LA countries, it could
negatively impact colony strength, honey qual-
ity (associated to honey fermentation), and
international trade of bees and hive products.
Implementing strategies for the early detection
of this pest as it spreads to new countries or areas
requires the development of epidemiological sur-
veillance programs, the development of training
programs for technicians and beekeepers to aid
in beetle recognition (adults/larvae), the imple-
mentation of adequate management protocols
in apiaries and honey extraction rooms, proper
identification of the damage caused by the pest,
and generating greater awareness in the beekeep-
ing sector and authorities. Taken together, the
described strategies would provide an integrative
approach to minimize the impacts of this para-
sitic pest on the region.

Finally, we provide a snapshot of what is
known about the distribution and status of SHB
in the region. We currently lack enough infor-
mation to reconstruct the complete and detailed
trajectory of SHB invasions and its dispersal
patterns in LA, including the possible sources
of introduction or the variability in the degree
of damage to AHB, EHB, native bee colonies,
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or solitary bees. Therefore, the precise nature
and extent of the invasions of this pest, and its
dispersal trajectories within Latin America and
the Caribbean remain to be studied. Because of
the extent of the geographic area and the mul-
tiplicity of factors that may impact the patterns
of spread, in part due to the diversity of ecore-
gions and management practices, such studies
would require the participation of a network of
researchers and sanitary authorities from the
entire region and the use of up-to-date sampling
and genetic analysis tools. Nevertheless, this
review may constitute the basis for designing
future transnational studies to answer the remain-
ing questions regarding SHB invasion and its
impacts for LA and will contribute to the imple-
mentation of effective monitoring and contain-
ment strategies in LA countries where the pest
has not yet arrived. In this regard, it is essential
to generate a surveillance protocol agreed upon
at a regional level to monitor the dispersion of
SHB in LA and to create a regional platform of
relevant information to promote the continued
interaction between researchers, beekeepers, and
sanitary authorities.
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