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A B S T R A C T   

Carpophilus beetles have been observed in the flowers of some chiropterophilic columnar cacti. However, the 
visiting and feeding behavior of these beetles in these flowers has not been described in detail. Here, we describe 
for the first time the visiting and feeding behavior of Carpophilus lugubris in the flowers of Pilosocereus leucoce-
phalus, a chiropterophilous columnar cactus, in a tropical dry forest in central Veracruz, Mexico. C. lugubris was 
found in 100% of the flowers examined, with a mean of 70.54 ± 9.44 beetles per flower (range: 2–267). Up to 
three beetles were seen in 37% of the buds examined, therefore C. lugubris can enter the flower before anthesis. 
C. lugubris was not observed touching the stigma during the study, suggesting that this beetle may have a limited 
role in pollination. The nectar of P. leucocephalus was found in the beetles’ guts, but there was no pollen, sug-
gesting that C. lugubris consumed only nectar. The flowers of P. leucocephalus were also used as mating sites by 
C. lugubris.   

The cactus family is completely animal-pollinated, with bees, birds 
and bats the main pollen vectors (Rowley, 1980). Although beetle 
pollination has not been described in Cactaceae, sap beetles (Carpophilus 
sp., Nitidulidae) frequently visit the flowers of several cactus species 
across the Americas (e.g. Bowers 2002; Ordones-Rego et al., 2002; 
Agüero et al., 2018) where up to 100 beetles can be found together in a 
single flower (Grant and Connell, 1979). Sap beetles are often dis-
regarded as pollinators because they rarely touch the stigmas, however 
they are considered pollen/nectar robbers (e.g. Agüero et al., 2008; 
Figueroa-Castro et al., 2014). This dual role—robber and incidental 
pollinator—has also been reported in the flowers of cacti primarily 
pollinated by vertebrates and bees (Grant and Connell, 1979). 
Non-trophic interactions between beetles and the flowers they visit are 
also common. For instance, beetles use the flowers as mating sites and 
for thermal regulation (Bernhardt, 2000). 

The study of beetle-flower interactions is challenging. Beetles spend 
far longer periods (from hours to days) in the innermost part of the 
flower (Bernhardt, 2000) than any of the primary cactus pollinators. 
Therefore, the traditional approaches used to assess the behavior of 
floral visitors to cacti may be ineffective for beetles. A proper assessment 
of the feeding behavior of these beetles requires longer observation 

periods, invasive techniques such as flower dissection (Bernhardt, 
2000), and/or gut-content analyses of the beetles (Johnson and Nic-
olson, 2001). For nocturnal species, nocturnal vision devices are 
required (Munguía-Rosas et al., 2010). 

Carpophilus beetles visit the flowers of some chiropterophilic 
columnar cacti (Carnegiea gigantea [Olson, 2000], Pachycereus weberi 
[Figueroa-Castro et al., 2014]), and have been found in the stomachs of 
Leptonycteris bats, one of the most important pollinators of columnar 
cacti in North America (Howell, 1974). Chiropterophilic and canthar-
ophilic flowers share several traits, such as nocturnal anthesis, pale 
color, fermentation odor and a relatively large size (Bernhardt, 2000), 
and this may explain why these beetles are so common in the flowers of 
chiropterophilic cacti. However, details on the feeding behavior of sap 
beetles are limited and the role they play during their visits to columnar 
cactus flowers is not known. Therefore, our goal was to describe the 
visiting and feeding behavior of the sap beetle C. lugubris in the flowers 
of Pilosocereus leucocephalus, a chiropterophilous columnar cactus. 

The population of P. leucocephalus we studied is located in central 
Veracruz, Mexico (19◦ 35◦ 20′′ N, 96◦ 50’ 38” W, 950 m a.s.l.). Vege-
tation is tropical dry forest, mean annual temperature is 24 ◦C and 
rainfall 519 mm. P. leucocephalus produces bell-shaped, pale, 
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hermaphroditic flowers that release a fermentation scent (Munguía-R-
osas et al., 2010). Reproductive structures are produced during the 
spring and summer, floral buds develop for 5–6 days prior to anthesis 
and flowers last only one night (1900-0700 h; Munguía-Rosas et al., 
2010). Its main pollinators are the bats Glossophaga soricina, Lep-
tonycteris curasoae and L. yerbabuenae (Munguía-Rosas et al., 2010). The 
genus Carpophilus has ca. 200 species worldwide, most of which are 
saprophagous. Its common habitats are flowers, sap under bark, 
decaying fruit and fungi (Williams et al., 1983). Carpophilus lugubris is a 
small, dark brown beetle (0.9–3 mm; Fig. 1A) distributed from the 
United States to Brazil (Connell 1991). C. lugubris visits the flowers of 
another columnar cactus (Pachycereus weberi) in the Tehuacan Valley of 
Mexico (Figueroa-Castro et al., 2014). However, its biology and 
behavior in natural habitats are virtually unknown (Ferro et al., 2013). 

Fieldwork was conducted in the spring and summer 2015 and 2016. 
We tagged 100 apparently reproductive and accessible cacti (≥2 m tall), 
from which accessible open flowers (n = 83) were collected (from 2200 
to 2400 h). To explore whether C. lugubris was entering flowers prior to 
anthesis, some floral buds (n = 35) were also collected. Floral structures 
were taken to the laboratory, examined externally and internally (buds 
and flowers were dissected longitudinally) in search of entrance holes 
and adult C. lugubris. Floral structures were classified as early buds (<2 
cm, n = 18), buds that were about to open (>2 cm, n = 17), and flowers 
(open flowers, n = 83). All beetles found were counted. In the field, sixty 
buds with entrance holes, apparently made by C. lugubris, were tagged 
and followed weekly until the fruit set or the flower aborted. 

To record the visiting and feeding behavior of C. lugubris in detail we 
filmed six flowers on six different plants, each on a different night, from 
the very beginning of anthesis (around 0700) to 2300 h (total filming 
time: 4 h x 6 flowers = 24h). We did not film for longer owing to battery 

life. Fifty percent of the flowers were filmed with infrared light (Cud-
deBack, Model 1231), however, the resolution of video was suboptimal 
(i.e. blurry). Therefore, we filmed the remaining half of the flowers using 
LED white light and a high-resolution camera (Nikon D7100), which 
greatly improved image quality and apparently did not disturb the 
beetles. We reviewed the videos and counted the number visits and 
mating pairs of C. lugubris. 

To assess the feeding preferences of C. lugubris, we collected 30 
adults from the filmed flowers around 2200 h and fixed them in 70% 
ethanol. The guts of the fixed beetles were extracted and their contents 
examined. We were particularly interested in identifying the pollen and 
nectar of P. leucocephalus. To this end, the guts of 15 beetles were 
dissected and stained with acid fuchsin and examined individually 
under the microscope in search of P. leucocephalus pollen grains using a 
reference sample for comparison. To assess if C. lugubris was consuming 
P. leucocephalus nectar, we examined the sugar composition (glucose, 
fructose, and sucrose) of the remaining C. lugubris gut contents (see 
details in Burkett et al., 1998) using the thin-layer chromatography 
approach as outlined by Ruppel and Morlock (2015). The contents of 
five guts were pooled into five different groups to obtain a sufficient 
quantity to perform the chromatography analysis (n = 5 chromatogra-
phies). To determine if the nectar was that of P. leucocephalus, a sample 
of nectar from the cacti we filmed was analyzed and compared with the 
sugar profile obtained for the beetles. 

We did not find any beetles inside early buds, however, we found up 
to three beetles (mean = 0.73 ± 0.27 beetles ⋅ flower − 1) in six of the 17 
(35%) buds about to open examined (range: 0–3). The incidence of 
entrance holes was 59% (n = 10) in buds about to open, and the holes 
were usually located in the upper part of the bud (Fig. 2A). These holes 
are probably used by the beetles to enter to the flower prior to anthesis. 
Although this behavior was not recorded in the videos, we have 
observed C. lugubris making holes in some buds. Fruit set in buds with 
entrance holes was 100%, suggesting that the damage inflicted by the 
beetles did not affect the reproductive success of P. leucocephalus. This 
behavior may be cost-effective because this way the beetles have access 
to nectar not yet available to other visitors (i.e. P. leucocephalus produces 
nectar prior to anthesis; Munguía-Rosas et al., 2010). To our knowledge, 
the entrance of sap beetles before floral anthesis has not yet been 
described for any cactus species. All flowers examined had at least two 
beetles inside (mean = 70.54 ± 9.44 beetles ⋅ flower − 1, range 2–267). 
Most had 2-100 beetles inside (Fig. 3), which is greater than the number 
of beetles found in the flowers of the columnar cactus P. weberi (1–3 
individuals of C. lugubris per flower; Figeroa-Castro et al., 2014). The 
number of beetles observed inside open flowers and buds was statisti-
cally different (Generalized linear model with a Poisson error distribu-
tion and using the log link function: χ2 = 1879, P<<0.01). 

The visiting rate of C. lugubris was 7.25 ± 3.21 visits ⋅ flower − 1 ⋅ h− 1 

(range: 0–40) during the filming period. C. lugubris landed on the 
corolla, with no pollen apparent on their body and headed straight to the 
nectar chamber; no activity was recorded on the stamens (Fig. 2B). 
C. lugubris also used the flowers of P. leucocephalus as a mating site 
(Fig. 2C). The mean number of mating pairs was 17.75 ± 2.38 couples ⋅ 
flower − 1 ⋅ h− 1 (range: 4–11). Given that filming started at the very 
beginning of the anthesis, the observation of more mating pairs than 
visits reinforces the notion that some beetles arrived before the anthesis. 
We do not know how long a beetle stays inside a flower because they 
cannot be seen without destroying the flower. 

We did not find any P. leucocephalus pollen on the bodies or in the 
guts of the 30 beetles collected; a finding that, together with this beetle’s 
filmed visiting behavior, suggests that C. lugubris does not consume the 
pollen of P. leucocephalus. In contrast, the sugar composition found in the 
gut of C. lugubris coincided with that of the sugars found in the nectar of 
P. leucocephalus, indicating that C. lugubris feeds on the nectar of this 

Fig. 1. Dorsal (A) and ventral (B) view of the Carpophilus lugubris beetles that 
visited the flowers of P. leucocephalus in central Veracruz, Mexico. Note the 
hairs in A, and the chewing mouthpart in B. 
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cactus. In contrast to some Scarabaeidae beetles (Peringuey, 1902), 
C. lugubris has no specialized structures for sucking nectar (Fig. 1B), 
which may indicate that C. lugubris is not a specialized nectar feeder. As 
occurs in other Carpophilus species that visit cactus flowers (Grant and 
Connell, 1979; Agüero et al., 2018), C. lugubris does not usually touch 
the stigma of the flowers of P. leucocephalus. This is probably because the 
stigma does not provide any resource to these beetles, and it is ca. 60 mm 
away from the nectar chamber (Munguía-Rosas et al., 2010) where 
C. lugubris typically is found. Therefore, venturing from the nectar 
chamber to the stigma is clearly not cost-effective. 

Although we did not see any pollen grains on the beetles collected, 
these insects do have some hairs on their body (Fig. 1) and thus, may 
have the ability carry pollen grains. However, the quantity of pollen they 
might deposit on the stigma would be low, not only because pollen 
transport seems to be infrequent, but also because no contact with the 
stigma has been observed (neither in videos nor during nonsystematic 
observation). This leads us to think that C. lugubris plays a limited role as 
pollinator of P. leucocephalus, if any. On the other hand, if C. lugubris 
consumes nectar with little or no contribution to the plant’s reproduc-
tive success, it could be considered a nectar robber. While robbing 
nectar may have a negative impact on sexual reproduction by disturbing 
pollinator visiting behavior, the final effect on plant reproduction de-
pends on visit frequency and the amount of nectar consumed. Some 
studies have found a neutral or even positive effect of nectar robbing in 
other plant species (Maloof and Inouye, 2000). However, we think that 
the effect of robbing nectar by C. lugubris has only a minor effect on the 
activity of bat pollinators. Up to 2.5 ml of nectar is produced by 
P. leucocephalus flowers and it is replenished several times in one night 
after being removed (Munguía-Rosas et al., 2010). The gut of C. lugubris 
is less than 60 μm long, so it is unlikely that this beetle can consume all 
of the available nectar. Furthermore, sap beetles may have a positive 
effect on visits by bat pollinators, since beetles and other insects 
represent a valuable source of protein for nectarivorous bats (Herrera 
et al., 2001). It is also known that Carpophilus beetles are a yeast vector 
and produce a fermentation odor that is attractive to some pollinators, 
such as bats (Pozo et al., 2014). However, further research is needed to 
assess whether C. lugubris and/or their associated yeast play a role in 
pollinator attraction. 

In conclusion, C. lugubris uses the flowers of P. leucocephalus as 
feeding source (nectar) and as a mating site. Although our results sug-
gest that C. lugubris has little impact on the reproductive success of 
P. leucocephalus as a pollinator and/or nectar robber, these topics 
deserve further attention. 
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Fig. 2. Floral structures of P. leucocephalus and visiting sap beetles. (A) Bud 
with entrance holes (indicated by the circle). (B) Open flower where Carpophilus 
lugubris beetles can be seen in the inner part of the flower (black circle). The red 
circle indicates a C. lugubris beetle landing on the corolla and heading to the 
nectar chamber without consuming pollen. (C) Copulatory activity of C. lugubris 
(black circle) recorded at the very beginning of anthesis under infrared light. 
(For interpretation of the references to color in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 3. Frequency distribution of sap beetles (Carpophilus lugubris) inside the 
open flowers of the columnar cactus Pilosocereus leucocephalus in a tropical dry 
forest of eastern Mexico. 
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