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Abstract

Honeypot ants are a fascinating case of the convergent evolution of an internal food-storage strategy. They are character-
ized by a subset of physogastric workers, called repletes, that store food long-term in their crops to support the colony in 
times of low resource availability. Despite their biological and evolutionary significance, information on honeypot ants 
remains scattered, and the trait itself has lacked a clear and unified definition. This review synthesizes current knowl-
edge on replete morphology, physiology, and function, establishing a foundation for defining the repletism syndrome. 
Through our literature review, we confirm the occurrence of repletes in at least eight genera across three subfamilies 
(Formicinae, Dolichoderinae, and Myrmicinae). We also identify four genera with putative honeypot species that remain 
poorly studied and clarify cases of misidentification, where repletism has been confused with other internal storage 
strategies such as worker corpulence, trophic eggs, or thoracic crop expansion. We propose that repletism occurs along 
a spectrum across species, reflecting both morphological specialization and behavioral flexibility. In this review, we also 
demonstrate the global distribution of this extreme adaptation. Finally, we highlight future research directions into fac-
tors driving convergence of repletism and mechanisms and potential microbial interactions underlying this adaptation.
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Introduction
Social insects have evolved diverse strategies to overcome 
resource-storage challenges, developing both internal 
and external mechanisms, often influenced by seasonal 
and life-cycle factors (Hölldobler & Wilson 1990). 
The beginning of a new colony and reproductive season, 
for example, are important periods where protein and 
high-energy resources are essential to produce new work-
ers, brood, and reproductives (Hölldobler & Wilson 
1990, Feldhaar 2014). In bees, these needs can be met by 
collecting and storing pollen and nectar in combs. Ants, on 
the other hand, do not have such structures but have de-
veloped external storage strategies, such as seed caching, 
stockpiling, and food burying (Reyes-López & Fernán-
dez-Haeger 2002, Smith 2007, Gayahan & Tschinkel 
2008, Qin & al. 2019). They have also developed internal 
food storage via fat bodies (Rosell & Wheeler 1995), 
trophic eggs (Hölldobler & Wilson 1990), and the crop 
(i.e., the social stomach). Crop storage is rather common 
across ant subfamilies, usually as a short and temporary 
strategy where foragers collect and hold food to distribute 

it among nestmates (Eisner & Wilson 1952, Greenwald 
& al. 2018, Meurville & al. 2025). 

Some ant species have developed a more extreme strat-
egy in which specialized individuals, known as repletes, 
store great amounts of liquid food in their crops for long 
periods. Species that include these individuals, such as 
those from the genus Myrmecocystus Wesmael, 1838, 
are referred to as honeypot ants. Repletes are typically 
fed by regular workers, who collect and regurgitate fluids 
into their mouths through trophallaxis (Conway 1986, 
Meurville & LeBoeuf 2021). When nestmates require 
nutrients, repletes then regurgitate the stored fluid, which 
is distributed throughout the colony (Conway 1977, 1986). 
As repletes take in food, their crops become abnormally 
enlarged, stretching the intersegmental membranes and 
separating the exoskeletal plates. This physogastry (i.e., 
inflation of the gaster or parts of it; Weesner 1955, Kus-
nezov 1960, Haug & Haug 2022) can limit their activity 
by reducing mobility, with repletes varying from nearly 
immobile (e.g., Myrmecocystus) to highly mobile (e.g., 
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some Leptomyrmex Mayr, 1862). Notably, the earliest 
use of the term physogastry was in reference to queens 
(Weesner 1955), but here, it is used in the context of 
trophic physogastry found in repletes (Kusnezov 1960, 
Haug & Haug 2022). These ants are specialized in food 
storage, relying on regular workers for other tasks; how-
ever, in Leptomyrmex, repletes appear to be less strictly 
specialized and have been observed foraging outside the 
nest (Wheeler 1915, Plowman 1981, Sawh & al. 2023). 
This interspecific variation in task specialization chal-
lenges the classification of repletes as a caste and suggests 
that their function can be context dependent.

The retention of the liquid food inside the crop is possi-
ble due to a valve-like structure, the proventriculus, which 
prevents food from passing into the midgut, where digestion 
occurs. Repletes can accumulate sugar or protein-rich flu-
ids in their crops for weeks or even months (Stumper 1961, 
Marikovsky 1974, Conway 1990, Khalife & Peeters 
2020), raising questions about how these resources remain 
viable for such extended periods. The mechanism behind 
the prolonged preservation of the liquids remains un-
known but may be related to microbial activity (McCutch-
eon & al. 2009, Russell & al. 2009, Vásquez & al. 2012, 
Engel & Moran 2013, Dong & al. 2023), and the factors 
influencing the storage duration, such as species-spe-
cific traits or colony demands, have yet to be studied.

Most species of honeypot ants live in arid environ-
ments with distinct wet and dry seasons, where food 
availability fluctuates. Their long-term food storage is 
thought to ensure colony survival in periods of scarcity and 
has likely facilitated the colonization of novel ecological 
niches. Honeypot ants are considered a case of convergent 

evolution, where similar traits have arisen in independent 
lineages, possibly due to similar environmental pressures 
(Rocha & al. 2021, Wang & al. 2025).

Several morphological and behavioral traits character-
ize true honeypot ants, suggesting that this adaptation oc-
curs along a spectrum and can be considered a syndrome. 
Key features of the repletism syndrome are: (1) the pres-
ence of physogastric workers specialized and dedicated to 
food storage; (2) food storage occurring specifically in the 
crop, rather than fat-bodies or trophic eggs; and (3) the 
ability to store food for extended periods, on the order of 
weeks and months. 

A primary goal of this review is to substantiate re-
pletism as a specialized long-term internal food-storage 
strategy in ants and evaluate the literature considering 
this definition. In doing so, we clarify the criteria for re-
pletism, addressing prior misclassifications, and examine 
the current state of the research into honeypot ants, which 
has focused mainly on Myrmecocystus. Since key aspects 
of honeypot ants – including behavioral specialization, 
physiological and morphological variation, food-storage 
mechanisms, and evolutionary context – are still poorly 
understood, this review also lays the groundwork for 
future research. Finally, as global climate around the 
world becomes more extreme and ecosystems shift, stud-
ying evolutionary solutions for extreme environments is  
timely.

Replete morphology and physiology
As repletes are fed, their crops expand to fill most of 
the gaster (Fig. 1). This expansion stretches the gaster’s 
intersegmental membranes to the point where their  

Fig. 1: Diagram of the digestive system of honeypot ants, showing key structures: esophagus, crop, proventriculus, midgut, 
Malpighian tubules, and hindgut. The bottom section illustrates a Myrmecocystus regular worker, while the top section shows 
a replete worker, highlighting differences in gut morphology between the two ants (drawing: © B. Nogueira).
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exoskeletal plates (tergites and sternites) separate and 
make the crop’s contents visible (Fig. 2). The storage 
capacity of repletes varies considerably across taxa. In 
Myrmecocystus, larger species such as Myrmecocystus 
mexicanus Wesmael, 1838 can hold up to 112 μl, while 
smaller species like Myrmecocystus arenarius Snelling, 
1982 reach at least 10 μl; by contrast, repletes of the much 
smaller Tapinolepis sp. store around 2 μl (B. Nogueira, D. 
Nguyen, L. Khadempour, pers. obs.). 

The gastral intersegmental membranes of Myrme-
cocystus mexicanus contain resilin and folds that allow 
this extreme distension; and once repletes are full, the 
folds are completely stretched, leaving the surface smooth 
(Varman 1981). It has been observed both in field and 
in laboratory colonies that partially emptied repletes, or 
“depletes”, exhibit sagging gasters, flaccid intersegmental 
membranes, and deformed abdominal sclerites (Conway 
1986; L. Khadempour, pers. obs.). This suggests that once 
membranes are fully unfolded in repletes, they cannot 
return to their folded state, preventing the gaster from 
shrinking back to normal size. In termites, differential 
expression of cuticle proteins across castes and body parts 
enables the extreme physogastry of queens (Rasheed & al. 
2019, Costa-Leonardo & al. 2025). Whether similar cutic-
ular modifications underlie repletism is unknown. Folding 
mechanisms also occur in the crops of other insects and 
regular ant workers, where folds stretch when the organ is 
full (Chapman 1998, Solis & al. 2013). It is possible that 
in honeypot ants, replete crops are not only folded, like 
the gastral intersegmental membranes, but are also more 
elastic (Caetano 1984). More histological observations 
are needed to determine the specific modifications in the 
intersegmental gastral membranes of other honeypot ants 
and castes and how crop tissue accommodates this level 
of expansion.

The retention of fluids in repletes’ crops is facilitated 
by the proventriculus (Fig. 1). This organ has a valve-like 
function and regulates both storage and controlled release 
of liquid food into the midgut (Fig. 1). In adult Hymeno
ptera, the crop content is slowly passed into the midgut, 
likely to guarantee proper digestion and nutrient absorp-
tion in the latter (Eisner & Wilson 1952). In ants, how-
ever, the proventriculus also functions as a dam, allowing 
food to be retained in the crop and shared with nestmates 
through trophallaxis (Meurville & LeBoeuf 2021). The 
proventriculus structure differs among ant subfamilies; 
in some taxa it is very simple, while in others it is highly 
elaborate and, in addition to regulating passage through 
the digestive tract, also works as a suction pump that fa-
cilitates food retention and transfer during trophallaxis 
(Eisner & Wilson 1952).

Additional structural features may also contribute to 
this regulation. Many insects possess spinule-like projec-
tions within the crop that can help direct food toward the 
midgut (Chapman 1998). For example, in Monomorium 
Mayr, 1855, similar structures have been reported at 
points where the crop connects with the esophagus and 
proventriculus (Solis & al. 2013), while in Solenopsis 
saevissima (Smith, 1855) and Camponotus pennsylvan-
icus (De Geer, 1773), they are present along the esopha-
gus to the connection with the crop, oriented toward the 
midgut (Forbes 1938, Walker & Clower 1961). These 
structures are thought to sift and ensure directional food 
flow through the digestive tract.

Whether honeypot ants rely on similar mechanisms 
to prevent the large quantities of liquid stored in their 
crops from unwantedly returning to the esophagus is 
unknown. In sap-sucking hemipterans, an esophageal 
valve lies between the cibarium (i.e., food pouch) and the 
esophagus, ensuring a one-way passage of liquid to the 
esophagus under positive pressure (Backus & McLean 
1983, Almeida & al. 2005, Ruschioni & al. 2019, Clark 
& al. 2023). By contrast, in ants and other hymenopterans, 
the crop appears continuous with the esophagus, and no 
comparable valves are known to regulate reverse flow of 
liquid (Forbes 1938, Walker & Clower 1961, Caetano 
1991). Our own observations in honeypot ants have not 
revealed any structures between the crop and esophagus 
that would control flow; however, we have not specifically 
searched for this, and much closer observations and ana-
tomical studies are needed to determine whether a valve-
like structure exists.

Replete development
Repletes can develop early in the colony’s life cycle in a 
lab setting (Bartz & Hölldobler 1982; J. Gadau, pers. 
comm.), but they are not seen amongst the first-brood 
workers, even when given sugary fluids (Conway 1981). 
In the cooperative colony-founding ant Myrmecocystus 
mimicus Wheeler, 1908, repletes develop after most 
queens have been killed and the worker population sta-
bilizes, their formation likely depending on a surplus of 
food and resources (Bartz & Hölldobler 1982). Whether 

Fig. 2: Three repletes from the same Myrmecocystus mexicanus 
colony, with different crop contents. The contents of the left-
most ant are considered “milky” in the literature, the middle 
ant would be considered dark amber and the right-most would 
be considered light amber (Conway 1990). The milky ant crop 
is protein- and lipid-rich, while the two amber ant crops are 
carbohydrate-rich (photo: © L. Khadempour).
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the onset of replete production occurs at the same time 
in colonies fed ad libitum as those under a strict diet in 
natural settings is uncertain. Rissing (1984) observed 
repletes developing after two weeks in a field-collected 
Myrmecocystus mexicanus colony. These individuals were 
significantly larger than regular workers. When repletes 
were removed and before the colony could produce the 
largest caste, the second-largest workers transitioned 
into repletes (Rissing 1984). This suggests that worker 
size may set a constraint in which individuals can become 
repletes, but colony condition, more than size or age, may 
provide a trigger for replete assignment. This task flexi-
bility is seen in honey bees – when foragers are removed, 
younger individuals are recruited to replace them, and 
foragers can revert to brood care if nurse workers are 
lacking (Robinson & al. 1992).

While major workers are generally the individuals 
most likely to become repletes (Rissing 1984, Eyer & al. 
2013, Khalife & al. 2023), mated and virgin queens are 
also known to store liquids and can serve as repletes in a 
colony (Morgan 1991, Khalife & al. 2023). In addition to 
size, it has also been proposed that callows are more prone 
to develop into repletes due to their greater membrane 
elasticity after eclosion (Snelling 1976, Schmid-Hempel 
& Schmid-Hempel 1984). However, Myrmecocystus col-
onies can be experimentally induced to produce repletes 
even without the presence of callows (Rissing 1984, Con-
way 1990). Myrmecocystus is by far the best-studied 
genus of honeypot ants, but little is known about replete 
formation in other taxa, and caste-specific patterns may 
vary across the Formicidae.

Functions of repletes in the colony  
economy

Task specialization
In Myrmecocystus species, once a replete becomes 

fully distended, the gaster’s intersegmental membranes 
can no longer return to their original state, limiting the 
ant from performing a different functional role. Depleted 
repletes have been observed refilling in laboratory colonies 
(Conway 1986; L. Khadempour, pers. obs.), but whether 
this occurs in the wild remains unclear. The fate of repletes 
after full depletion or how many cycles of filling they can 
undergo is also unknown, raising questions about their 
longevity once emptied. In general, lifespan in ants varies 
with caste and task (Chapuisat & Keller 2002, Giraldo 
& Traniello 2014). Longevity can be shorter for forag-
ers engaged in out-of-nest tasks and longer for workers 
performing internal tasks (Schmid-Hempel & Schmid-
Hempel 1984, Gordon & Hölldobler 1987, Oettler 
& Johnson 2009). Because repletes are restricted to in-
ternal, restricted roles, they may live longer than regular  
workers.

Considered trophic physogastric workers (Kusnezov 
1960, Haug & Haug 2022), repletes’ enlarged size and 
weight limits their mobility. Their movement likely carries 
a high energetic cost. Although the burden of load carriage 

has been studied in regular foragers of Myrmecocystus 
mendax Wheeler, 1908 and Myrmecocystus mexicanus 
(see Duncan & Lighton 1994), it has not been quantified 
in repletes. Restriction of movement likely explains why 
repletes often hang from the ceilings of deep underground 
chambers (Wheeler 1908). However, the degree of mobil-
ity varies across honeypot ant genera. In Leptomyrmex, 
for example, repletes appear to be mobile and have been 
observed foraging outside the nest (Plowman 1981), in 
contrast to Myrmecocystus repletes, which are largely 
immobile (Conway 1986). Such variability suggests that 
while extreme distension generally reduces behavioral 
flexibility once workers assume the role of food storage, 
the degree of restriction depends on morphology and may 
differ among honeypot ant lineages.

Despite some inherent variability between species and 
individuals, these physical and behavioral constraints 
indicate that once an ant assumes the role of food storage, 
it is unlikely to return to other colony tasks, though it 
may have performed them earlier in life (Rissing 1984). 
Repletes have been described as a caste or sub-caste 
(Rissing 1984), but current knowledge on the variabil-
ity in task specialization across genera is not enough to 
establish this status. However, it undoubtedly represents 
a unique phenomenon in ants, which is a compelling 
example of convergent evolution and warrants further  
study.

Repletism vs regular trophallactic behavior
Both repletism and regular trophallactic behavior 

within an ant colony involve liquid food stored in the crop, 
but they differ fundamentally in scale, duration, and role. 
For regular trophallactic behavior, ant species display a 
broad range of trophallaxis frequencies, from some species 
that are capable of trophallaxis but use it rarely (e.g., Dia-
camma cf. indicum Santschi, 1920) to many ant species 
that circulate their crop contents across the colony even 
outside the context of food (e.g., Camponotus floridanus 
(Buckley, 1866)) (Hakala & al. 2021, Fujioka & al. 2023). 
In the former, trophallaxis is used only in the context of 
feeding, but in the latter, it appears to have other roles 
(Meurville & LeBoeuf 2021). Regular within-colony 
trophallaxis behavior has only been explored in depth in 
a famine-release context (Greenwald & al. 2015, Planc-
kaert & al. 2019, Baltiansky & al. 2023). Typically, ant 
foragers fill their crops and retain fluids for minutes before 
sharing resources with nestmates upon their return to 
the nest (Wilson & Eisner 1957, Howard & Tschinkel 
1981, Buffin & al. 2009, Greenwald & al. 2015). Such 
short-term storage is part of routine food transport and 
does not constitute repletism nor does it create a distinct 
worker role. 

Foragers generally share food in proportion to how 
much non-foragers can receive, and the amount left in 
their crops often determines whether they resume foraging 
activity (Greenwald & al. 2015, 2018, Baltiansky & al. 
2023). This means that food distribution is shaped by crop 
capacity and suggests that ants can perceive the tension 
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and limitations of their full crop (Greenwald & al. 2018). 
Non-foraging workers, in turn, can engage in food intake 
until their crops are full or contribute to food distribution 
to other nestmates, including foragers (Greenwald & al. 
2015). Food distribution can be heterogeneous within colo-
nies, with food concentrated in certain workers positioned 
centrally, likely due to logistical dynamics (Buffin & al. 
2009, Greenwald & al. 2018). In short, general trophal-
laxis creates a dynamic and transient flow in which storage 
is constrained by crop fullness and logistical position 
within the colony.

In repletes, crop capacity is far greater than that of 
regular workers, and rather than acting as transient 
carriers, they function as long-term storage specialists 
(Stumper 1961, Marikovsky 1974, Conway 1990, Khal-
ife & Peeters 2020). In Myrmecocystus, repletes can 
retain liquid food for weeks to months and in some cases 
up to a year (Conway 1990; A. LeBoeuf, pers. obs.), likely 
accumulating surplus during periods of abundance (e.g., 
wet-season nectar flows) and releasing it during scarcity 
(e.g., the dry season) (Conway 1986). The duration of 
storage remains poorly documented across honeypot ant 
species, likely varying among taxa and relative to worker 
lifespan, and requires further investigation.

Another key distinction is that repletes not only store 
large quantities of liquid but also hold it without spontane-
ous release. In other ants, workers may regurgitate liquid 
unintentionally when overfed (Cammaerts 1996), and it 
appears that a higher concentration and viscosity of fluids 
make consumption and retention more energy-intensive 
and difficult (Lois-Milevicich & al. 2021). By contrast, 
we have no record of unrequested regurgitation by re-
pletes, highlighting a physiological ability to retain food 
when there is no immediate trophallactic demand. This 
ability sets them apart from non-honeypot ant species 
and emphasizes their role as living reservoirs. It is the 
large volume and long-term storage, rather than the act of 
crop-filling alone, that defines repletism as a unique form 
of task specialization.

Storage content
The term honeypot comes from the fact that most 

repletes store carbohydrate-rich sugary liquids such as 
nectar and honeydew (Snelling 1976, Conway 1986, 
Meurville & al. 2025). Myrmecocystus mimicus, Myr-
mecocystus mexicanus (see Burgett & Young 1974), 
Camponotus inflatus Lubbock, 1880 (Islam & al. 2022), 
and Melophorus bagoti Lubbock, 1883 (Badger & Ko-
rytnyk 1956) primarily store glucose and fructose and 
sometimes maltose and sucrose. However, there are also 
records of repletes storing lipids and proteins (Burgett & 
Young 1974, Islam & al. 2022). Individual repletes were 
even observed with two phases of liquid, one that is sugary 
and another that contains lipids (Burgett & Young 1974, 
Conway 1990). Similar within-colony variation has also 
been observed in Myrmecocystus mendax (see Snelling 
1976, Conway 2003) and Myrmecocystus bagoti (see 
Conway 1992, Schultheiss & al. 2010). 

Different crop contents are reflected in color variation 
observed between replete gasters (Fig. 2). In Myrmeco-
cystus, darker amber indicates more tannins, glucose, 
and fructose, while milky-colored repletes correspond to 
a higher protein content (Conway 1990). Some repletes, 
particularly those with clear crop contents, may primar-
ily function as water-storage vessels (Snelling 1976). 
In theory, repletes that store different materials could 
become hubs for specific nutrients. However, we do not 
yet know if this is the case. It is uncertain if the resource 
partitioning across different repletes leading to these 
striking asymmetries is driven by worker behavior (i.e., 
differential feeding of the repletes), replete behavior (i.e., 
the repletes choose to specialize), or resource variations 
over time. We also do not know if, after a replete is filled, 
the crop composition changes over time.

The stored crop fluid is acidic in both Myrmecocystus 
(Wheeler 1908) and Camponotus Mayr, 1861 repletes, 
measured to have a pH of 3.85 (Islam & al. 2022), consist-
ent with other formicine ants (Tragust & al. 2020). In the 
formicine subfamily, acidic crops are due to ingestion of 
poison-gland secretions and can select beneficial microbes 
(Tragust & al. 2020). It is unclear if the acidity of honey-
pot ants comes from formic acid, microbial metabolism, 
or both. Microbes are often associated with animals’ ex-
treme feeding strategies (Sapountzis & al. 2015, Duplais 
& al. 2021, Chanson & al. 2023), and so, repletes’ gut 
microbiome is thought to contribute to the preservation 
of their stored food (Dong & al. 2023). This would mean 
that microbial activity could have been a key factor in the 
evolution of repletism. We do not know what the pH is of 
crops of non-formicine honeypot ants, and this could be an 
important phenotype to explore as we examine convergent 
evolution of repletism.

Replete crop content distribution and contri-
bution to colony fitness

Across many ant species, most colony members do 
not forage and are fed through trophallaxis or other sec-
ondary food-sharing behaviors. Resources brought by 
different foragers are blended with existing crop contents 
to ensure nutritional balance across the colony (Cassill 
& Tschinkel 1995, Boulay & al. 2000, Cook & al. 2010, 
Greenwald & al. 2019). This mixing also mediates infor-
mation exchange, odor signaling, and hormonal regulation 
(Boulay & al. 2000, LeBoeuf & al. 2016). In honeypot 
ants, repletes may influence this network by modifying 
circulating trophallactic fluid composition, adding an-
other layer of complexity to colony nutrient management 
(Hakala & al. 2021, Khalife & al. 2023).

Different sub-groups within ant colonies have dis-
tinct nutritional demands (Feldhaar 2014). For exam-
ple, larvae and queens require more protein-rich diets 
whereas workers rely more on carbohydrates. How re-
pletes fit in this partitioning is poorly understood. They 
could mirror the general trophallactic composition or 
serve as specialized reservoirs for different nutrients, 
which would involve a mechanism to regulate the pro-
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portions of repletes with specific contents. Seasonal 
changes could also cause a dynamic shift (Wheeler & 
Martinez 1995, Ashcraft & Judd 2014). For example, 
reproductive periods may increase protein demand, poten-
tially altering both use and composition of repletes’ crop  
contents. 

Generally, in species that rely heavily on trophallaxis, 
workers will use this method to feed larvae (Meurville 
& LeBoeuf 2021, Matte & LeBoeuf 2025). This brood 
food is often a nutritive secretion made of endogenously 
produced proteins and processed metabolites (LeBoeuf & 
al. 2016) similar to bee royal jelly. Conway (1981) observed 
that in Myrmecocystus, sugary liquids were delivered to 
larvae via trophallactic networks, but for protein, larvae 
were more frequently found feeding on dead workers 
rather than provided mealworms. Compared with other, 
relatively passive larvae of most formicine ants, Myrme-
cocystus are unusually active (Snelling 1976, Conway 
1981). They have unique morphology that corresponds 
with their high activity levels (Matte & LeBoeuf 2025). 
They have even been observed begging (i.e., waving their 
mouthparts) and feeding on living repletes that fall to the 
chamber floor (A. LeBoeuf, pers. obs.). The necessary be-
havioral observations to determine the prevalence of this 
phenomenon in other honeypot ant genera have not been 
conducted. It is also unclear whether it is part of the suite 
of phenotypes associated with the convergent evolution 
of repletism.

Repletes’ primary food-storage function appears es-
pecially relevant in arid or seasonally fluctuating envi-
ronments (Froggatt 1896, Conway 1992, Duncan & 
Lighton 1994, Sankey-Alamilla & al. 2024). Ant forag-
ing strategies are associated with the availability and dis-
tribution of resources across space and time (Lanan 2014), 
and storage strategies appear to follow the same principle. 
Across ants, storage management and food distribution 
are regulated by colony hunger level and logistic dynamics 
(Josens & Roces 2000, Buffin & al. 2012, Greenwald & 
al. 2018). For example, in laboratory colonies, Solenopsis 
Westwood, 1840 prioritizes food storage only once the 
colony has been satiated and when food is abundant, par-
ticularly following an extended period of starvation (Qin 
& al. 2019). Repletes may function in a comparable way, 
storing liquids when a surplus is available and having them 
redistributed during scarcity, aligning with their associa-
tion with environments with high resource variability. In 
seed-storing Messor Forel, 1890 ants, storage saturation 
influences foraging selectivity, with less discrimination as 
storage increases (Reyes-López & Fernández-Haeger 
2002). It would be interesting to investigate whether exist-
ing reserves could also shape future replete crop-content 
composition.

By acting as “living pantries” for carbohydrates, pro-
teins, or water, repletes likely buffer the colony against 
scarcity, linking the distribution of crop contents directly 
to colony fitness. The specific patterns of nutrient flow 
among repletes and their impact on colony survival, how-
ever, have not been tested.

Other internal food-storage strategies  
in Formicidae
Certain ant species display alternative internal food-stor-
age strategies that may resemble repletism, leading to 
potential misclassification. Our literature review shows 
that terms often used to describe repletes based on ap-
pearance or function (e.g., "physogastric workers”, "hon-
ey-bags", "swollen gasters", "stretched membrane", and 
"crop repletes”) sometimes refer to other workers with 
enlarged gasters, including corpulent workers or those 
storing energy in trophic eggs. Here, we will examine the 
most frequently misidentified cases (Tab. 1), highlighting 
the key differences between repletism and other internal 
food-storage strategies within ant colonies.

Fat body 
Corpulent workers develop hypertrophied fat-body 

deposits outside their digestive tract for internal nutrient 
storage. These enlarged deposits result in pronounced 
abdominal distension and separation of the exoskeletal 
plates, giving them a superficial resemblance to repletes. 
Since distinction cannot always be made externally, dissec-
tion and examination are required to determine whether 
swelling results from liquid food retained in the crop (i.e., 
repletism) or reserves stored in the fat body. The fat body 
of insects is an essential metabolic and endocrine organ. 
Its cells synthesize proteins and metabolites involved 
in morphogenesis, lipid transport, egg maturation, and 
hormone regulation (Keeley 1985, Arrese & Soulages 
2010). Ants accumulate fat-body reserves when resources 
are abundant and mobilize them during scarcity, with 
storage levels influenced by colony condition and environ-
mental variation (Bernadou & al. 2020).

Fat-body deposits consist of lipids, proteins, and car-
bohydrates (Rosell & Wheeler 1995), which can be 
redistributed to nestmates through oral secretions from 
the postpharyngeal gland, or via trophic eggs derived from 
metabolized reserves (Hölldobler & Wilson 1990). The 
fat-body tissue lies in close contact with the hemolymph, 
which facilitates circulation and transport of metabolites 
(Chapman 1998, Arrese & Soulages 2010, Roma & al. 
2010). Corpulent ants may have a restricted behavioral 
repertoire, functioning mainly as nutrient stores and 
showing reduced tendencies to forage or engage in ag-
gression compared with regular major workers or soldiers 
(Blanchard & al. 2000, Dussutour & al. 2016, Berna-
dou & al. 2020). 

Fat-body storage differs from repletism in that ingested 
food must first be processed and assimilated before stor-
age. Because it does not rely on retaining undigested liquid 
in the crop, it also avoids the spoilage risks observed in 
repletes. Moreover, corpulent workers provide primar-
ily individualized storage; their nutrients must also be 
metabolized before they can be shared with the colony, 
whereas repletes provide colony-level storage by directly 
regurgitating fluids on demand.

These fundamental distinctions highlight that ab-
dominal distension alone cannot be used to diagnose the 
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repletism syndrome. In fact, several ant species described 
as honeypot ants rely on fat body hypertrophy for storage: 
Colobopsis nipponica (Wheeler, 1928), Pheidole mor-
risii Forel, 1886, Pheidole pallidula (Nylander, 1849), 
Temnothorax albipennis (Curtis, 1854), and Prenolepis 
imparis (Say, 1836) (Talbot 1943). Upon dissection, 
Tschinkel (1987) observed that in the winter-active ant 
Prenolepis imparis, young workers develop hypertrophied 
fat bodies up to twice their normal size to provide for the 
brood, while older workers focus on foraging. Similarly, 
Pheidole pallidula and Pheidole morrisii major workers 
display swollen abdomens due to hypertrophied fat bodies 

(Yang 2006) and remain inside the nest without foraging 
(Lachaud & al. 1992).

Thoracic crop 
Some ant species have evolved an alternative method 

of internal food storage through a specialized struc-
ture known as the thoracic crop (Petersen-Braun & 
Buschinger 1975). This adaptation involves the expansion 
of the cavity around the thoracic region and the portion 
of the esophagus within it, enabling the storage of nu-
tritious liquid (Petersen-Braun & Buschinger 1975, 
Casadei-Ferreira & al. 2020, Kurihara & al. 2022). In 

Tab. 1: Species previously classified as repletes but that do not fulfill the criteria defining repletism and therefore should not 
be considered repletes. Distribution information was obtained from the publications that described repletism in each species.  
* When occurrence data were not available in the original sources, we used AntWeb (2025). 1Leptothorax albipennis is included 
under its current classification as Temnothorax albipennis.

Taxa Reason for exclusion 
from confirmed repletes

Distribution References

Formicinae
Lasius flavus (Fabricius, 1782) Reversible brood-tending 

workers
Nearctic and Palearctic 
regions *

Børgesen (2000)

Lasius mixtus (Nylander, 1846) Reversible brood-tending 
workers

Palearctic region * Børgesen (2000)

Lasius niger (Linnaeus, 1758) Insufficient data Indomalaya, Nearctic, 
and Palearctic regions *

Børgesen (2000)

Lasius japonicus Santschi, 1941 Thoracic crop Japan Kurihara & al. (2022)
Prenolepis imparis (Say, 1836) Fat body United States Talbot (1943),  

tschinkel (1987)
Myrmicinae

Crematogaster difformis Smith, 1857 Thoracic crop Indomalaya region * Wheeler (1908)
Crematogaster inflata Smith, 1857 Thoracic crop Singapore; Malaysia Froggatt (1896), 

Wheeler (1908)
Leptothorax acervorum (Fabricius, 1793) Reversible brood-tending 

workers
Indomalaya, Nearctic, 
and Palearctic regions *

Børgesen (2000)

Leptothorax muscorum (Nylander, 1846) Reversible brood-tending 
workers

Nearctic and  
Palearctic regions *

Børgesen (2000)

Myrmica rubra (Linnaeus, 1758) Reversible brood-tending 
workers

Nearctic, Neotropical, 
and Palearctic regions *

Børgesen (2000)

Myrmica ruginodis Nylander, 1846 Reversible brood-tending 
workers

Indomalaya and 
Palearctic regions *

Børgesen (2000)

Myrmica scabrinodis Nylander, 1846 Reversible brood-tending 
workers

Palearctic region * Børgesen (2000)

Pheidole pallidula (Nylander, 1849) Fat body France Lachaud & al. (1992)
Pheidole aberrans Mayr, 1868 Thoracic crop Brazil Casadei-ferreira (2020)
Pheidole deima Wilson, 2003 Thoracic crop Guiana Francesa Casadei-ferreira (2020)
Pheidole morrisii Forel, 1886 Fat body United States Yang (2006)
Solenopsis invicta Buren, 1972 Oil storing questioned in 

previous works
Australasia, 
Indomalaya, Nearctic, 
Neotropical, and 
Oceania regions *

Glancey & al. (1973)

Temnothorax interruptus (Schenck, 1852) Reversible brood-tending 
workers

Neotropical and 
Palearctic regions *

Børgesen (2000)

Temnothorax nylanderi (Foerster, 1850) Reversible brood-tending 
workers

Palearctic region * Børgesen (2000)

Temnothorax tuberum (Fabricius, 1775) Reversible brood-tending 
workers

Neotropical and 
Palearctic regions *

Børgesen (2000)

Temnothorax albipennis (Curtis, 1854) Fat body UK Blanchard & al. (2000)



46

queens, the cavity is likely a result of the histolysis of flight 
muscles (Petersen-Braun & Buschinger 1975), which 
are metabolized along with fat-body reserves stored in this 
compartment (Kurihara & al. 2022). Since individuals 
that rarely engage in trophallaxis, such as some Ponerinae, 
also possess a thoracic crop, its function is thought to serve 
in individual short-term storage rather than long-term 
such as observed with repletism (Caetano 1988, 1991).

In some species, like Pheidole aberrans Mayr, 1868 
and Pheidole deima Wilson, 2003, this adaptation is 
caste-specific, where only major workers possess this 
trait while minor workers do not (Casadei-Ferreira & al. 
2020). Queens of Lasius japonicus Santschi, 1941 and La-
sius niger (Linnaeus, 1758) also possess a thoracic crop, 
suggesting a shared adaptation within the genus (Matte & 
Billen 2021, Kurihara & al. 2022). Early observations of 
Crematogaster difformis Smith, 1857 and Crematogaster 
inflata Smith, 1857 misinterpreted their enlarged thoracic 
region as a thoracic crop, leading to their classification 
as repletes (Froggatt 1896, Wheeler 1908). However, 
subsequent studies clarified that this swelling is due to 
the presence of metapleural glands, which contribute to 
the structural modification of the thoracic region (Billen 
& al. 2011).

Honeypot ants, such as Carebara perpusilla (Emery, 
1895), may also exhibit a thoracic crop, which may serve 
as a means to slightly enhance their storage capacity 
(Khalife & al. 2023). Unlike gastral crop storage, which 
cannot be combined with trophic-egg production or fat-
body storage because of finite space in the gaster, the 
thoracic-crop strategy can be integrated with either of 
these other storage methods (Khalife & al. 2023). This 
adaptation could be particularly advantageous for individ-
uals that cannot develop enlarged crops or gasters, such 
as egg-laying queens that must prioritize egg production 
(Peeters & al. 2013). In such cases, the thoracic crop 
could significantly contribute to overall individual storage 
capacity (Khalife & al. 2023).

In repletism, physogastric workers typically function 
as living storage units, specializing in food storage at the 
cost of performing other colony tasks. In contrast, ants 
with thoracic-crop expansion may be able to engage in 
multiple activities within the colony while simultane-
ously storing food, offering a more flexible and dynamic 
storage strategy (Casadei-Ferreira & al. 2020, Khalife 
& al. 2023). This flexibility means that the strategy does 
not exhibit the same limitations as repletism. Although 
individuals displaying this trait have been termed thorac-
ic-crop repletes (Khalife & al. 2023), this internal food 
storage does not fall under our current definition of the 
repletism syndrome.

Temporary crop-filling status
Distinguishing replete workers from regular workers 

with a full crop can be challenging in some species, leading 
to misconceptions in the literature regarding the identifi-
cation of repletism. This is especially true for small-bodied 
ant species, where distension may not be clearly visible 

to the naked eye. Additionally, the term “replete” is often 
used to describe recently-fed workers with distended crops 
filled with liquid food, as observed in Formica aquilonia 
Yarrow, 1955, Acromyrmex subterraneus (Forel, 1893), 
Acromyrmex octospinosus (Reich, 1793), Linepithema 
humile (Mayr, 1868), and Carebara overbecki (Vieh-
meyer, 1916) (Cosens & Toussaint 1985, Moffett 1986, 
Lamb & Ollason 1994, Halley & Elgar 2001, Richard 
& Errard 2009).

One interesting case of temporary food storage can 
be seen in Lasius flavus (Fabricius, 1782) (Cammaerts 
1996). After consuming excessive amounts of liquid food, 
full workers remain mostly motionless in the nest with 
their mandibles spread apart and their gasters visibly 
swollen. These workers regurgitate food spontaneously 
even with no external stimulation. Within a few hours, 
most overfed workers return to their normal size, further 
emphasizing the temporary nature of their food storage, 
in contrast to honeypot ant repletes. The uncontrolled re-
gurgitation also contrasts with the regulated trophallactic 
exchanges seen in true honeypot ants, raising questions 
about the mechanisms that prevent liquid food from being 
expelled uncontrollably in repletes.

Another interesting case is that of Solenopsis invicta 
Buren, 1972, where Glancey & al. (1973) reported that 
major workers could retain oil in their crops for many 
months (6 - 18). Subsequent studies, however, coun-
tered this interpretation (Ricks & Vinson 1972, Wilson 
1978, Howard & Tschinkel 1981). While morpholog-
ical differences between large and small workers have 
been noted, with majors showing larger gasters (Tsch-
inkel & al. 2003) and retaining food for longer (How-
ard & Tschinkel 1981), they do not appear to be physo-
gastric, and there is only partial support for a storage 
function. Instead, the relatively larger gaster in major 
workers is likely linked to their capacity for fat storage  
(Tschinkel 1993).

Børgesen (2000) described replete-like behavior of 
brood-tending workers in lab colonies of Monomorium 
pharaonis (Linnaeus, 1758), calling them brood-tending 
crop repletes. This study describes the replete-like be-
havior to be labile and reversible. The workers who filled 
their crops for temporary storage would quickly (within 
five days) revert to looking and behaving just like the 
other workers. Thus, storage of crop fluid appears to be 
temporary and the gaster distension reversible. Børgesen 
(2000) also listed several species as having brood-tending 
crop, without providing additional specific descriptions. 
These include Lasius flavus, Lasius mixtus (Nylander, 
1846), Lasius niger, Leptothorax acervorum (Fabri-
cius, 1793), Leptothorax muscorum (Nylander, 1846), 
Myrmica rubra (Linnaeus, 1758), Myrmica ruginodis 
(Nylander, 1846), Myrmica scabrinodis (Nylander, 
1846), Temnothorax interruptus (Schenck, 1852), Tem-
nothorax nylanderi (Foerster, 1850), and Temnothorax 
tuberum (Fabricius, 1775). With the given definition, we 
do not think these species should be categorized as having 
repletism (Tab. 1).
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Status of repletism across the ant  
phylogeny

Putative repletes
Some cases of repletism reported in the literature re-

main ambiguous; more experimental and observational 
studies are needed to determine if these ants can be con-
sidered true honeypot ant species (Tab. 2). In each of the 
cases that follow, we are unable to identify these species 
as containing repletes based off our flow chart (Fig. 3), but 
the missing information varies for different species. Future 
studies may reveal that these species can be categorized 
as honeypot ants.

In some taxa, workers show swollen abdomens, but 
it is unclear whether their condition matches the physo-
gastry that restricts task performance and reversibility 
observed in confirmed honeypot ants. For instance, po-
tential repletes of Cataglyphis cursor (Fonscolombe, 
1846) are part of the major worker caste, with distended 
intersegmental membranes, separated chitinous plates, 
and a tendency to remain inside the nest (Eyer & al. 2013); 
however, only head sizes have been reported, and there 
is no mention of whether crops were used for storage or 
whether their gasters expanded beyond the range seen in 
normally-filled workers. Similarly, Cataglyphis bicolor 
(Fabricius, 1793) appears to have storage-specialized 
workers, but there is no information on whether these 
individuals represent a long-term, non-reversible storage 
role (Schmid-Hempel & Schmid-Hempel 1984).

In other cases, the swollen appearance is documented, 
but the underlying storage organ has not been confirmed. 

Tab. 2: List of species considered putative repletes that require further study and additional information to confirm this clas-
sification. * Erebomyrma nevermanni is included under its current classification as Carebara urichi. Distribution information 
was obtained from the publications that indicated repletism in each species.

Taxa Evidence gap Distribution References
Formicinae

Cataglyphis cursor (Fonscolombe, 1846) No confirmation on the storage 
organ. The level of gaster 
distension is uncertain.

France Eyer & al. (2013)

Cataglyphis bicolor (Fabricius, 1793) No confirmation on the 
storage organ or whether it is a 
temporary behavior.

Tunisia Schmid-Hempel & 
Schmid-Hempel 
(1984)

Proformica longipilosa Galkowski & al., 2017 No confirmation on the 
storage organ or whether it is a 
temporary behavior.

France Galkowski & al. 
(2017)

Zatania darlingtoni (Wheeler, 1936) No confirmation on the storage 
organ.

Haiti Wheeler (1936)

Myrmicinae
Carebara jajoby Azorsa & Fisher, 2018 A single photo as evidence of 

gaster distension.
Madagascar Azorsa & fisher 

(2018)
Carebara urichi (Wheeler, 1922) * No confirmation on the storage 

organ. The level of gaster 
distension is uncertain and has 
been described as semi-replete.

Costa Rica Wilson (1986)

Pheidole ryukyuensis Ogata, 1982 Dissection confirmed a 
transparent liquid inside the 
crop, with no confirmation 
on whether it is a temporary 
storage behavior.

Japan Tsuji (1990)

no

Expanded
ovaries

yes

Not a 
honeypot 

ant species

Species likely
uses trophic

eggs for energy
and nutrient

storage

Expanded fat
bodies

Species likely 
uses corpulent 

workers for 
energy and 

nutrient storage

Honeypot
ant

species

Brief - minutes,
hours or at most

several days

Species engages in
temporary crop

storage

Reason for 
large gaster

Expanded
crop

Probable
long-term

storage

Species has
non-reproductive

ants with
disproportionately

large gasters

Duration of
crop storage

Fig. 3: Decision tree to identify honeypot-ant species with 
specialist replete workers. This decision tree is meant to dif-
ferentiate between honeypot ants and other species that have 
workers with enlarged gasters for other types of nutrient 
storage. The final decision point of duration of crop storage is 
somewhat nebulous as the duration has not been measured in 
many species.
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Proformica longipilosa Galkowski & al., 2017 is reported 
to possess repletes, yet there is no evidence on whether 
food is stored in the crop or for how long (Galkowski 
& al. 2017). For Carebara urichi (Wheeler, 1922) and 
Zatania darlingtoni (Wheeler, 1936), the distinction 
between crop-based storage, fat-body reserves, or other 
mechanisms is not clear (Carebara urichi was previously 
named Erebomyrma nevermanni Mann, 1926 in Wilson 
1986, Wheeler 1936). Zatania darlingtoni is described as 
having repletes with greatly distended gasters like Preno-
lepis imparis corpulent workers, but it remains unclear 
whether the species possesses fat-body reserves.

Even when crop storage is confirmed, the long-term na-
ture of storage remains uncertain. In Cataglyphis bicolor, 
the permanence of the storage role has not been demon-
strated (Schmid-Hempel & Schmid-Hempel 1984). In 
Carebara jajoby Azorsa & Fisher, 2018, a single pho-
tograph shows a swollen, translucent gaster suggesting a 
replete function, while in Carebara urichi “semi-repletes” 
swell when colonies are abundantly fed (Wilson 1986, 
Azorsa & Fisher 2018). For both species, swollen gasters 
may reflect temporary or reversible storage, and the stor-
age organ is uncertain. Pheidole ryukyuensis Ogata, 
1982, dissections have revealed transparent liquid inside 
a swollen crop (Tsuji 1990), but it is still unclear whether 
individuals serve as long-term storage units comparable 
with other repletes.

In some genera, the broader occurrence of repletism 
is unresolved. While some Carebara Westwood, 1840 
species have confirmed repletes, it is not yet clear how 
widespread the trait is across the genus (Wilson 1986, 

Azorsa & Fisher 2018). Likewise, although Pheidole 
ryukyuensis might exhibit crop storage, other species 
from the genus use other strategies such as thoracic crops 
or fat-body reserves (Lachaud & al. 1992, Helms 1995, 
Yang 2006, Casadei-Ferreira & al. 2020). This suggests 
multiple storage strategies may evolve among species 
within the same genus.

Confirmed honeypot-ant genera
The following is a list of genera confirmed to exhibit 

repletism, meeting our requirements of long-term food 
storage in the crops of specialized physogastric workers. 
Additional details are provided in Table 3, their geographic 
distributions are displayed in Figure 4, and their phyloge-
netic distribution is displayed in Figure 5.

Myrmecocystus Wesmael, 1838: Myrmecocys-
tus exhibits an extreme case of repletism, likely present 
in all species of this genus of 30 species (Bolton 2025), 
with some being among the most well-documented cases. 
Individuals that become repletes are significantly larger 
than the average nestmates and have a significantly greater 
gastral-to-head width ratio than regular workers (Rissing 
1984, Eriksson & al. 2019). The repletes have low mobility 
and are most often fed by other workers (Wheeler 1908, 
Burgett & Young 1974, Rissing 1984). Myrmecocystus 
workers can feed on insects, nectar, honeydew, and occa-
sionally dead vertebrates (Snelling 1976). They inhabit 
arid, semi-arid, and desert regions, including coastal 
dunes, stream drainages, mountain slopes, and sandy 
riverbeds, often at low to moderate elevations (Wheeler 
1908, Snelling 1976, Sankey-Alamilla & al. 2024).

Fig. 4: Global distributions of honeypot ants. Map of honeypot-ant distributions with different colors representing the eight 
different confirmed genera of honeypot ants. Occurrence data were retrieved from GBIF using the rgbif package in R (Derived 
dataset GBIF.org 2025), based on our curated list of confirmed replete species. The final map was generated using QGIS, en-
suring accurate spatial visualization of species distributions.



49

Different levels of turgidity and gas bubbles can be 
observed in Myrmecocystus repletes. The reason for the 
presence of bubbles inside the repletes’ crops and their 
eventual fallout is unknown, but it possibly indicates mi-
crobial activity and liquid spoilage. Bubbles can occupy 
most of the crop and are more common in milky repletes 
(Conway 1990). Most ants have a homogeneous liquid 
phase in their crop, but some display two distinct liquid 
layers: one containing mostly lipids and the other carbo-
hydrates (Burgett & Young 1974).

After established colonies are collected from the field, 
repletes of different filling levels can be observed hanging 
from chamber ceilings after two weeks (Rissing 1984, 
Conway 1990). Semi-repletes (i.e., partially filled repletes) 
may take about four weeks to become fully distended (Con-
way 1975, 1977), suggesting that a continuous food supply 
over this period is sufficient to fill replete workers. How-
ever, this timeline can vary as repletes have been reported 

to form from both callow and mature workers within 24 to 
42 days (Conway 1975, Rissing 1984). Replete abundance 
in Myrmecocystus mendax and Myrmecocystus mexi-
canus colonies can reach approximately 600 individuals 
or 22 - 25% of the colony (Conway 1983, Rissing 1984, 
Conway 1990, 2003).

While there are no published reports of repletes in 
Myrmecocystus kathjuli Snelling, 1976, Myrmecocystus 
romainei Snelling, 1975, and Myrmecocystus yuma 
Wheeler, 1912, reports from ant husbandry hobbyists 
confirm their presence.

Leptomyrmex: Leptomyrmex is the only honeypot 
ant in the Dolichoderinae subfamily, and repletism likely 
occurs in all species of the genus (28 valid species; Bol-
ton 2025). The repletes have noticeably enlarged gasters 
compared with non-repletes, with stretched interseg-
mental membranes and crops filled with transparent 
liquid or honey. Plowman (1981) describes workers of 

 DOLICHODERINAE

FORMICINAE

M
YR

M
IC

IN
AE

Orectognathus

Myo
pia

s

Acanthoponera

Lasiophanes

Par
ato

pu
la

su
l y

r o
do

nu
Y

Har
pa

go
xe

nu
s

Meg
ap

on
er

a

Myrm
ecin

a

Acanthostichus

Tatuidris

Pa
ra

sy
sc

ia

Calyptomyrmex

Aca
nthomyrm

ex

Parvaponera

M
etapone

N
eocerapachys

si r
di

vr
uc

e
R

Goniomma
Tetraponera

La
sio

m
yr

m
a

B
othriom

yrm
ex

Vom
bis

idr
is Procryptocerus

Diplomorium

M
yrm

icaria

E
utetram

orium

ColobostrumaAphaenogaster

Pr
oa

tta

Plectr
octe

na

Aphomomyrmex

Pseudolasius

Manica

Pa
lto

th
yr

eu
s

Pseudom
yrm

ex

O
chetellus

Phry
no

po
ne

ra

Brachymyrmex

Prolasius

Hypoponera

Dinomyrmex

Acromyrmex

Strum
igenys

Cephalotes

Le
pt

ot
ho

ra
x

Stenamma

Nothom
yrm

ecia

Podom
yrm

a

Philidris

Iberoformica

Eurhopalothrix

Mayaponera

Oxyopomyrmex

Stereom
yrm

ex

C
ataulacus

A
xinidris

Rasopone

Tapinolepis

Anillom
yrm

a

Dacetin
ops

O
chetom

yrm
ex

ai
zr

el
dA

Discothyrea

Myrmicocrypta

Bajcaridris

Amblyopone

Harpegnathos

Adetomyrma
Solenopsis

Santschiella

Azteca

Rogeria

R
oyidris

Myrmelachista

Stegom
yrm

ex

Gnamptogenys

Notoncus
Notostigm

a

Microdaceton

Patagonomyrmex

M
onom

orium

Mycetophylax

Allom
erus

Bot
hr

op
on

er
a

Thaumatomyrmex

Anoch
etus

r e
t s

ag
ot

a
me

r
C

xe
mr

y
ma

vi
e

N

Rhopalothrix

Colobopsis

W
asm

annia

Calomyrmex

Eusphinctus

Adelom
yrm

ex

Lepisiota

Carebara

Pseudoponera

Lo
rd

om
yr

m
a

Echinopla

Atta

Pheidole

Zatania

Myrmecocystus

C
heliom

yrm
ex

Acropyga

Cryptopone

Dicroaspis

alleirya
M

Eburopone
Paratrechina

Te
m

no
th

or
ax

arenopoiL

Poe
cil

om
yrm

a

Ae
ni

ct
og

ito
n

Pl
at

yth
yr

ea

Peris
so

myrm
exAretid

ris

Dinoponera

An
cy

rid
ris

H
uberia

Epopostruma
Aneuretus

Bra
ch

yp
on

er
a

Opamyrma
Leptanilla

M
yrm

ecorhynchus

Papyrius

Plagiolepis

Cyphoidris

Labidus
Stigmatomma

Apterostigma

Lophom
yrm

ex

A
topom

yrm
ex

Odontomach
us

D
olopom

yrm
ex

O
cym

yrm
ex

Paratrachymyrmex

Prionopelta

Indomyrm
a

Tapinom
a

N
om

am
yrm

ex

Simopelta

Pr
op

od
ilo

bu
s

Cataglyphis

Ectatomma

Novomessor

Hag
en

sia

X
enom

yrm
ex

Psalidomyrm
ex

Pogonomyrmex

Rhytidoponera

Fo
rm

ico
xe

nu
s

Proceratium

Liom
etopum

xe
mr

y
mo

se
N

Oecophylla

M
yrcidris

Ponera

Nylanderia

M
egalom

yrm
ex

Petalomyrmex

Pse
udoneoponera

Rom
blo

ne
lla

ec
ap

as
yr

h CForelius

Lenomyrmex

Terataner

Dilo
boco

ndyla

O
oceraea

Pachycondyla

Iridom
yrm

ex

Gigantiops
Neoponera

Li
vi

do
po

ne

Tranopelta

O
ctostrum

aTrichom
yrm

ex

Rossomyrmex

Cyatta

Hylomyrma

Heteroponera

Teratomyrmex

Xerolitor

Mycetarotes

Gau
ro

myr
mex

Technom
yrm

ex

Pseudoatta

Leptanilloides

Proformica

Le
pt

og
en

ys

Eciton

Syscia

M
alagidris

Messor

Amoimyrmex

Camponotus

Vi
ci

no
po

ne

Liom
yrm

ex

Mycetagroicus

Prenolepis

D
olichoderus

Melissotarsus

Veromessor

C
ylindrom

yrm
ex

Sericomyrmex

sirditraK

Cerapachys

V
itsika

Formica

M
er

an
op

lu
s

Gesomyrmex

Froggattella

Basiceros

Strongylognathus

Mes
op

on
er

a

Anoplolepis

Pseudonotoncus

Ectomomyrmex

Myrmoteras

Turneria

Vollenhovia

Stigmacros

Paraparatrechina

Cladomyrma

Daceton

Melophorus

Martialis

M
yrm

ecia

Myopopone

KalathomyrmexProtalaridris

Ae
ni

ct
us

Mycetosoritis

Fulakora

Acanthognathus

Polyrhachis

Polyergus

G
racilidris

Linepithem
a

Te
th

ea
m

yr
m

a

enopo
miS

Centro
myrm

ex
Mycocepurus

Apomyrma

Ta
ni

po
ne

Pilotrochus

Leptom
yrm

ex

Do
ry

lu
s

O
xyepoecus

Rota
str

um
a

Rhopalomastix

Agraulomyrmex

Euprenolepis

airtacaD

Trachymyrmex

Cyphomyrmex

Typhlomyrmex

Lachnom
yrm

ex

Diacamma

Opisthopsis

xe
mr

y
mo

t c
ni

hp
S

Paraponera
Protanilla

Tetramorium

sutcnihpsaZ

Onychomyrmex

Blepharidatta

C
ardiocondyla

Myrmica

Pris
tomyrm

ex

D
orym

yrm
ex

Anonychom
yrm

a

Lasius

Odontoponera

Mycetomoellerius

Leptomyrmex
Melophorus

Tapinolepis

Proformica

Camponotus

Myrmecocystus

Brachymyrmex

Carebara
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Leptomyrmex fragilis (Smith, 1859) and Leptomyrmex 
niger Emery, 1900 foraging and returning replete, which 
may be a misapplication of the term, referring instead 
to individuals with crops full of recently foraged liquid. 
However, since repletes in this genus are known to be 
mobile, they could potentially forage and collect their 
own fluids for storage. Wheeler (1915) suggests that 
Leptomyrmex unicolor Emery, 1895 is possibly the only 
species in the genus without this trait. He attributes its 
absence to the species’ plesiomorphic traits, as indicated 
by its unmodified larval type and its presence in coastal 
rainforests, which may reflect the genus’ past distribution. 
However, a Neotropical fossil replete was found by Sawh 
& al. (2023), suggesting that the trait evolved once in a 
common ancestor and may have been retained as the genus 
dispersed to Australasia. The species Leptomyrmex relic-
tus Boudinot & al., 2016 and its repletes were recently de-
scribed in Brazil (Boudinot & al. 2016, Sawh & al. 2023), 
providing insight into the biogeographical history of the  
genus. 

Unlike other honeypot ants, the contemporary dis-
tribution of Leptomyrmex is not restricted to dry envi-
ronments, challenging previous assumptions about the 
ecological conditions that favor repletism. It is worthwhile 
to investigate the historical context in which repletism 
evolved in this genus to understand the role of the envi-
ronment in shaping this phenotype. Leptomyrmex species 
inhabit a range of environments, including eucalyptus 
forests, montane rainforests, and even urban forested 
parks in Australia, Brazil, Indonesia, New Caledonia, and 
New Guinea (Wheeler 1908, Plowman 1981, Sawh & 
al. 2023). These ants typically nest in the ground beneath 
boulders, within tree roots, or inside rotten logs, often 
occupying the central part of the wood. It is believed that 
Leptomyrmex utilizes pre-existing cavities, as no signs 
of excavation or debris have been observed near their 
nests. Wheeler (1915) documented a soil-nesting ant 
gallery extending about 10 cm underground, leading to a 
chamber approximately 13 cm long, 8 cm wide, and 2.5 cm  
high.

Tab. 3: Confirmed honeypot-ant species and genera. 1Referred to as Brachymyrmex melensis in reference given. 2Referred to 
as Camponotus cowlei in Froggatt 1896. 3Referred to as Plagiolepis trimenii in reference given. 4Carebara perpusilla known 
to display both gastral and thoracic crop repletism. Distribution information was obtained from the publications that described 
repletism in each species. * When occurrence data were not available in the original sources, we used GBIF (Derived dataset 
GBIF.org 2025). 

Taxa Replete mobility; 
storage duration

Distribution References

Dolichoderinae

Leptomyrmex Mayr, 1862 
(likely the entire genus)

Mobile; storage 
duration unknown

Australia, Brazil, 
Dominican 
Republic, New 
Caledonia, New 
Guinea

Wheeler (1908, 1915),  
Plowman (1981), Sawh & al. (2023)

Formicinae
Brachymyrmex giardi Emery, 18951 Mobility unknown; 

storage duration 
unknown

Uruguay de Zolessi & al. (1976)

Camponotus inflatus Lubbock, 1880 Low mobility; long 
/ seasonal storage 
duration

Australia Froggatt (1896), Dong & al. (2023)

Melophorus bagoti Lubbock, 18832 Low mobility; possible 
long storage duration 
but unconfirmed

Australia Froggatt (1896), Conway (1992), 
Schultheiss & al. (2010)

Myrmecocystus Wesmael, 1838 
(entire genus)

Low mobility;  
long / seasonal storage 
duration

Mexico, United 
States

Wheeler (1908), Burgett & Young 
(1974), Snelling (1976), Bartz & 
Hölldobler (1982), Snelling (1982), 
Rissing (1984), Conway (1990, 
2003), Eriksson & al. (2019), Sankey-
Alamilla & al. (2024)

Proformica epinotalis  
Kuznetsov-Ugamsky, 1927

N / A; storage duration 
unknown

Palearctic region * Marikovsky (1974)

Proformica nasuta (Nylander, 1856) Low mobility; storage 
duration unknown

France Stumper (1961), Galkowski & al. 
(2017)

Tapinolepis trimenii (Forel, 1895)3 Mobile; probable long / 
seasonal duration

South Africa Wheeler (1908)

Myrmicinae
Carebara perpusilla (Emery, 1895)4 Low mobility Mozambique Khalife & Peeters (2020),

Khalife & al. (2023)
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Unlike extreme cases of repletism, Leptomyrmex re-
pletes may perform various tasks within the colony rather 
than serving exclusively as food reserves. It remains un-
known whether immobile workers exist deep within the 
nest. Wheeler (1915) describes repletes as being closely 
associated with the brood and possibly hanging from the 
ceiling while holding a larva or pupa in their jaws, which 
was confirmed by Burchill (2021). The development of 
repletes can be observed from the moment individuals 
eclose, before their exoskeleton fully hardens (Wheeler 
1915), but further observations are required to confirm if 
that would be the only condition for repletes formation. 
The composition of replete-crop contents remains largely 
unknown, though the stored liquid appears clear. Lep-
tomyrmex workers are monomorphic (Lucky & Ward 
2010), making it unclear if and under which circumstances 
individuals may be more likely to become repletes within 
this genus. The repletism status remains unreported for 
the species Leptomyrmex aitchisoni Smith & Shattuck, 
2009, Leptomyrmex burwelli Smith & Shattuck, 2009, 
Leptomyrmex darlingtoni Wheeler, 1934, Leptomyrmex 
dolichoscapus Smith & Shattuck, 2009, Leptomyrmex 
flavitarsus (Smith, 1859), Leptomyrmex garretti Smith 
& Shattuck, 2009, Leptomyrmex melanoticus Wheeler, 
1934, Leptomyrmex pilosus Smith & Shattuck, 2009, 
Leptomyrmex puberulus Wheeler, 1934, and Lepto-
myrmex ramorniensis Smith & Shattuck, 2009.

Camponotus Mayr, 1861: Camponotus is one 
of the most speciose genera within Formicidae (1100 
valid species; Bolton 2025); however, true repletism has 
been confirmed in only one species (Camponotus infla-
tus), although it is suspected in others (B.L. Fisher, pers. 
comm.). Despite this, fat-body storage is known in the ge-
nus (Rosell & Wheeler 1995, Hahn 2006). The repletes 
of C. inflatus resemble those of Myrmecocystus, with large, 
semi-transparent gasters, tensely distended intersegmental 
membranes, and separated tergites and sclerites, resulting 
in low mobility. Camponotus worker castes are polymor-
phic, but it is uncertain if repletism is expressed mostly 
in larger individuals. Camponotus inflatus can be found 
in Australia’s hard sandy plains and Mulga scrub areas 
(Froggatt 1896, Dong & al. 2023). Indigenous Australian 
communities often use them for food and cultural tradi-
tions (Islam & al. 2022). Dong & al. (2023) analyzed the 
antimicrobial properties of C. inflatus honey, comparing it 
with honeybee honey. The study suggested they have dif-
ferent antimicrobial action modes, with C. inflatus honey 
showing strong inhibition of Staphylococcus aureus. They 
also sequenced the microbiomes of whole ants but mostly 
found Candidatus Blochmannia endosymbiotic bacteria 
(Dong & al. 2023). These bacteria are not found in the crop 
of ants (de Souza & al. 2009) and so are unlikely to be re-
sponsible for the antimicrobial properties of the crop fluid.

Melophorus Lubbock, 1883: Melophorus bagoti 
is the only species within this genus of 92 species (Bolton 
2025) known for its extreme food-storage adaptation. The 
repletes in M. bagoti are known to be mobile (Conway 
1992, Schultheiss & al. 2010). Replete gasters vary in 

color from light amber to milky white, which may indicate 
the storing of different substances (Schultheiss & al. 
2010). Workers forage for materials, including dead in-
sects, seeds, and sugary plant exudates. They are found in 
branching passages near the surface, under small blocks of 
quartzite. The nests of Melophorus can span up to 2.3 m² 
with as many as 160 chambers, some as deep as 1.75 m. 
These ants are found in desert regions in Australia, par-
ticularly in sandy floodplain alluvium and gorges (Frog-
gatt 1896, Conway 1992, Schultheiss & al. 2010).

Brachymyrmex Mayr, 1868: Brachymyrmex gi-
ardi Emery, 1895 is the only known honeypot-ant species 
in its genus of 40 species (Bolton 2025). It has been de-
scribed as having physogastric workers with highly dilated 
crops, a trait likely developed in response to a previously 
dry environment and retained after the species spread to 
more humid areas (de Zolessi & al. 1976). The species 
generally occurs near streams, where floods are common, 
and in grazing fields with sparse grasses. Repletes were 
noted to have a larger thorax than non-replete workers (de 
Zolessi & al. 1976), even though Brachymyrmex species 
are often monomorphic (Ortiz & Fernández 2014). The 
species is native to and can be found in the regions of 
Uruguay, Argentina, and Chile (de Zolessi & al. 1976).

Proformica Ruzsky, 1902: The genus Proformica 
also exhibits examples of repletism, with certain species 
developing specialized workers to store liquid food for ex-
tended periods. Proformica epinotalis Kuznetsov-Ugam-
sky, 1927, is found in stony, saline, and clayey desert envi-
ronments. Workers in this species serve as repletes, often 
hanging from the ceilings of their nests (Marikovsky 
1974). Similarly, Proformica nasuta (Nylander, 1856), 
found in xerothermic environments, produces repletes 
that store liquid in their crops for prolonged periods and 
become nearly immobile (Stumper 1961, Galkowski & 
al. 2017). As with P. epinotalis, repletism in P. nasuta is 
primarily observed in larger workers. It is likely that more 
species within the genus, such as Proformica splendida 
Dlussky, 1965, Proformica ferreri Bondroit, 1918, and 
Proformica longipilosa, also exhibit this trait, but infor-
mation is lacking to confirm this (Galkowski & al. 2017). 
Proformica epinotalis and P. nasuta are currently the only 
known replete-producing ants in Europe.

Tapinolepis Emery, 1925: The species Tapinolepis 
trimenii (Forel, 1895), previously classified under the Pla-
giolepis Mayr, 1861 genus (Wheeler 1908), exhibits re-
plete workers with greatly distended crops and the interseg-
mental membranes tensely stretched. Unlike other repletes, 
these individuals retain some mobility, despite their swol-
len abdomens. Tapiniolepis trimenii is found in arid habi-
tats in southern Africa, such as the Kalahari Desert. At least 
one other species of Tapinolepis is known to exhibit re-
pletism (undescribed species; L. Khadempour, pers. obs.), 
suggesting that this trait may be shared across the genus.

Carebara Westwood, 1840: The Myrmicinae 
subfamily contains 148 valid genera (Bolton 2025), but 
only one, Carebara, is confirmed to contain repletes. In 
Carebara perpusilla, both the gastral and thoracic crops 
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are involved in food storage (Khalife & Peeters 2020, 
Khalife & al. 2023). Queens and major workers express 
repletism, with both displaying low mobility. These ants 
are found in riverine forests in southern and central Af-
rica. Other species of Carebara might also demonstrate 
repletism (Tab. 2) but have yet to be confirmed.

The uneven phylogenetic distribution of repletes
We have identified a total of eight ant genera that 

exhibit replete workers, while a further four genera await 
confirmation (Fig. 5). Based on current natural-history 
data, the genus-level prevalence of repletism suggests a 
minimum of eight independent origins of replete workers 
across ants. Repletism is conspicuously absent or relatively 
underrepresented in some ant lineages; origins are most 
common among formicine genera, and the syndrome is 
an occasional feature of two dolichoderine and myrmi-
cine taxa. The relative lack of repletism in the Myrmici-
nae – even as this subfamily comprises nearly 50% of all 
described ant species – suggests that lineage-specific 
traits may underpin the capacity for some taxa to evolve 
worker food storage. A predisposition toward repletism 
also appears to be linked to diet and use of trophallaxis 
(Meurville & al. 2025). No repletes have been reported 
in the predominantly predatory subfamilies Ponerinae 
and Dorylinae, which perform trophallaxis less frequently. 
While the association between trophallaxis and repletism 
might seem intuitive, our review confirms this pattern 
across lineages.

One other feature that may underpin this uneven dis-
tribution is the proventriculus. Ants display a greater 
diversity of proventriculus structures than any other 
hymenopteran group, likely reflecting the central role of 
liquid food transfer in their social organization (Eisner & 
Wilson 1952, Caetano 1988, Bution & al. 2010). In some 
taxa (e.g., Atta Fabricius, 1804, Acromyrmex Mayr, 1865, 
Solenopsis, Ectatomma quadridens (Fabricius, 1793), 
Labidus praedator (Smith, 1858), Monomorium floricola 
(Jerdon, 1851)), the proventriculus lacks a muscular bulb, 
and fluids are retained in the crop mainly through petiole 
constriction and circular muscle contraction (Caetano 
1991, Solis & al. 2013). Where the proventriculus is more 
elaborate and the bulb is present, crop contents can be 
held passively by fluid pressure without muscular effort, 
enabling long-term storage at low energetic cost (Caetano 
1991). 

Formicinae, the subfamily containing most honeypot 
ants, possess especially elaborate proventriculi (Eisner & 
Wilson 1952, Bution & al. 2010); and in the dolichoder-
ine Leptomyrmex, the proventriculus has a cross-shaped 
occlusory tract with a narrow, hair-lined passage that 
resists backward pressure from stored liquid, improv-
ing fluid retention in the crop (Eisner 1957). Consistent 
with this, Davidson & al. (2004) found that Formicinae 
and small-bodied Dolichoderinae with more complex 
proventriculi carried larger liquid loads. These structural 
innovations likely explain why repletism has repeatedly 
evolved in Formicinae but rarely in other lineages.

Defensive morphology may also have a role in the trait 
distribution. Several ant species have experienced sting 
reduction or have lost the ability to sting (Kugler 1979). 
This is seen more frequently in the subfamilies Formici-
nae and Dolichoderinae, the former having evolved the 
acidopore (Hung & Brown 1966, Aili & al. 2014). There 
is support for the hypothesis that trade-offs between de-
fensive traits, like sting defense loss, have influenced the 
diversification of ants (Blanchard & Moreau 2017). Our 
findings suggest it could have facilitated the evolution of 
food-storage strategies as well. Future field observations 
and phylogenetic reconstructions will be crucial to clarify 
the origins, reversals, and temporal history of repletism.

Knowledge gaps and open questions
Indigenous peoples in North America and Australia have 
known about honeypot ants and consumed them as a 
culturally important delicacy for millennia (Meyer-Ro-
chow & Changkija 1997, Melo-Ruíz & al. 2017). West-
ern science has also documented these ants for centuries 
(Lubbock 1880). However, much remains unknown about 
them, including the full extent of their global and phy-
logenetic distributions. To determine whether a species 
possesses designated physogastric replete workers that 
engage in long-term crop food storage, careful excavation 
and close observation are required. Studying repletes in 
their natural environment is particularly challenging due 
to the need for invasive excavation techniques, which are 
labor-intensive and can disrupt colony dynamics. Retriev-
ing live repletes from deep nest chambers is especially 
difficult for species inhabiting hard or compact soils. The 
inaccessibility of nests can introduce data biases, poten-
tially overlooking key behaviors and ecological conditions 
influencing repletism. Despite these challenges, targeted 
excavations remain essential to reveal whether additional 
species harbor repletes that have not yet been documented.

Repletism is an example of convergent evolution, yet 
no formal study has been completed to understand the 
extent and mechanisms of the convergence. Without a 
clearer understanding of replete development, behavior, 
morphology, and physiology, it remains uncertain whether 
repletism arose through similar genetic and developmental 
mechanisms across independent lineages or via distinct 
evolutionary paths. Additionally, we do not know the 
selective factors that drive the evolution of repletism or 
if certain taxa have a predisposition to evolving repletes. 
We also do not know the extent of plasticity in repletism. 
If a species has the capacity to form repletes, will it always 
do so, or only when the environment requires it? While 
arid habitats are strongly associated with repletism, data 
linking specific abiotic variables to the emergence of this 
trait are lacking.

As animals with specialist diets and life histories, we 
would expect that honeypot ants would have a specialized 
gut microbiome. Dong & al. (2023) discovered that the 
crop fluid of Camponotus honeypot ants has antimicro-
bial properties, and this is likely due to the members of 
the ants’ gut microbiome. However, it is not yet known 
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what microbes may be conferring this phenotype. With 
Myrmecocystus ants in North America, we have identi-
fied that there appears to be a resident gut microbiome 
in this genus. However, we are still merely scratching the 
surface in understanding what function these community 
members may serve for their host ant, if any (D. Nguyen 
& al., unpubl.). If honeypot ants have a mutualistic rela-
tionship with certain gut-microbiome members, it would 
be interesting to compare these functions across the ant 
phylogeny to see if they converge in a parallel manner to 
the ants themselves. Furthermore, there is much to un-
cover about how microorganisms move throughout and 
between colonies and what role the ants play in controlling 
their movement. These are some of the unresolved ques-
tions about honeypot ants and repletism, and we hope this 
review lays the groundwork for future studies into these 
fascinating ants.
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