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Bird dropping masquerading of the nest by the potter wasp Minixi
suffusum (Fox, 1899) (Hymenoptera: Vespidae: Eumeninae)
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Federal da Grande Dourados, Dourados, MS, Brazil
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The nest of Minixi suffusum offers a rare form of mimicry: bird dropping masquerading
of the nest by the potter wasp was recorded in mid-western Brazil, in the municipality
of Dourados MS. Nesting biology of M. suffusum and the material involved in the
action of the camouflage were observed. Eleven nests were sampled, with a total of 38
cells. Use of uric acid for staining the cell was evident in all nests. The way that the
wasp stains the cells was observed. Substrate nest site, seasonality, larvae biology, sex
ratio, prey and parasitoids of M. suffusum were reported. Nest camouflage may be
related to defense against natural enemies.

Keywords: Ceyxia ventrispinosa; nesting biology; nest camouflage; microlepidoptera;
uric acid

Introduction

Some plants and animals are able to mimic inanimate objects such as rocks, twigs, leaves
and bird droppings; this adaptation has recently been termed masquerade (Skelhorn,
Rowland, Ruxton, et al. 2010; Skelhorn, Rowland, Speed, et al. 2010). Masquerading,
crypsis and Batesian mimicry are examples of colourful body signals that may be
expressed under high predation risk. Masquerading is an anti-predator adaptation that
occurs when an animal’s body color and shape mimic an inanimate object (Ruxton et al.
2004; Buresch et al. 2011). Behavior involving bird dropping masquerading by a larval
Lepidoptera was recorded by Minno and Emmel (1992), and the effect of bird dropping
masquerading by a spider to avoid predators has already been tested (Liu et al. 2014);
however, the behavior of masquerading the nest had not been recorded for potter wasps.

Eumeninae has more 3579 species recognized worldwide (Pickett and Carpenter
2010); adults are nectivorous while the larvae are feeding with Lepidoptera (Budriené
2003; Hunt et al. 2003; Budrys and Budriené 2012; Vargas et al. 2014). These wasps have
a wide diversity of nesting behavior, ranging from digging nests in the soil, occupying
preexisting cavities or building mud nests (West-Eberhard et al. 1995; Sarmiento and
Carpenter 2006). Some species possess greater behavior plasticity and construct more than
one form of nests (Cooper 1979; Willink and Roig-Alsina 1998; Hermes et al. 2013). More
complex nesting biology with the use of vegetable matter for structuring the cell (Bohart
and Stange 1965) or nest camouflage (Hermes et al. 2013) has been observed.

Minixi Soika, 1978 is a genus restricted to the Neotropics, with four species known
(Giordani Soika 1978; Carpenter and Garcete-Barrett 2002). Analysis of the phylogenetic
relationships among species of Minixi suggests that the genus is not monophyletic, and
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Minixi suffusum (Fox, 1899) is sister of Minixi mexicanum (de Saussure, 1857). Minixi
suffusum occurs in Bolivia, Paraguay, Argentina and Brazil and all that is known of its
nesting biology was the description of one cell of M. suffusum collected in Brazil
(Corumba — MS) by Giordani Soika (1978). This cell measured 10 mm X 7 mm X 7 mm
and small stones were added to the mud.

One nest of M. suffusum was observed in April 2012 in Dourados municipality MS,
Brazil with a whitish substance attached to the mud, characterizing the bird dropping
masquerading. Nesting biology of M. suffusum with details of larval biology, prey choice
and seasonal activity is presented here.

Material and methods

Sampling was carried out in the municipality of Dourados, in the transition area between
the Savanna and Atlantic Forest in the mid-western region of Brazil (22°13'S; 54°50'W),
from March 2012 to August 2014. Nests were photographed, measured, and removed from
the substrate to examine their content and kept at approximately 26°C in the Laboratdrio
de Ecologia de Hymenoptera, Universidade Federal da Grande Dourados (UFGD).

The construction of four cells from two different nests was observed in August 2014.
Two of these cells were opened in the laboratory so that we could perform the
identification and quantification of prey, and to observe the larval morphology of
M. suffusum and their parasitoids. Nesting biology of M. suffusum, including the behavior
of masquerading, was described and filmed based on these four cells. For the videos
editing, the software Freemake Video Converter® was used.

The sex ratio of M. suffusum was analyzed in all cells, which can be determined due to
the difference in diameter of the opening occasioned at the time of emergence: the female
diameter head is greater (3.9 mm) than the male (3.4 mm) (see Starr 2012). Voucher
specimens were deposited in the Museu da Biodiversidade at the UFGD.

Results and discussion
Substrate

Minixi suffusum nests were found on five different substrates (horizontally and vertically),
some natural such as branches and vines, while other substrates were derived from human-
built structures such as glass, wood and iron (Figure 1). Thus, we conclude that areas with
human construction serve as sites with high potential for hosting patches of nests of
M. suffusum, as well as other species of potter wasps (Camillo 1999; Matthews and
Gonzalez 2004; Matthews and Matthews 2009; Méndez-Abarca et al. 2012). Nests were

Figure 1. Different types of substrate used by Minixi suffusum (Fox, 1899) for fixing the nests.
(a) Twigs, (b) liana, (c) glass, (d) wood and (e) iron.
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found at different heights ranging from 0.5 to 3.0 m above ground, as noted by Collins and
Jennings (1987) for other species of Eumeninae.

Nests

A total of 11 nests of M. suffusum were found, totaling 38 cells; the nests varied between
two and seven cells. All nests presented a whitish substance, which our observations of
M. suffusum masquerading the nest showed that it is uric acid obtained in fresh bird
droppings, which is inserted into the mud after the construction of the cell. Evidence of the
use of uric acid was obtained with stereomicroscope, where we observed arthropod
fragments outside the cell (Figure 2), resulting from the feeding of birds.

Seasonality

One nest was found in April 2012, three nests were collected in winter 2013 and seven in
winter 2014. They were built in the months of May, June, July and August, during the dry
season, contrasting with the nesting activity of other Eumeninae observed in Brazil
(Camillo 1999; Buschini and Buss 2010). The period of M. suffusum activity was recorded
between 9 am and 5 pm, which is common for most Hymenoptera (Hanson and Gauld
1995). The seasonality of wasps probably may be related with the prey activity.

Cell construction

A solitary female can take about 1 h for the construction of a cell. It was observed that the
wasp takes about 2—5 min to return to the nest with mud, and the time it takes to transfer
all of her mud from mandible to the nest, with the help of the front legs, ranges from 60 to
180s. The entrance is located by the cell’s center, slightly displaced toward the upper part,
with an average diameter of 2 mm. A funnel-shaped structure is built by the female around
the entrance orifice.

Oviposition

After the end of the construction of the cell, the wasp patrols around the nest possibly
checking for the presence of ants. Then, the wasp carries out oviposition, which can take
some 85 s. The egg is laid in an empty cell before prey are introduced of the, as is general
in Eumeninae (Hanson and Gauld 1995).

-

Figure 2. Fragments of arthropods typical of bird droppings found in the whitish substance that are
used by Minixi suffusum (Fox, 1899) for nest masquerading.



Downloaded by [179.145.58.182] at 18:14 28 June 2015

4 T.H. Auko et al.

Provisioning of prey

With the end of oviposition, the wasp leaves the nest and returns in a few minutes, and
begins inserting microlepidoptera into the cell. Once the unidentified moth larva is
captured by the female, it manipulates the caterpillar with the mandibles and prothoracic
legs (Video 1). The average time she returned to the nest with prey in the mandibles was
every eight minutes, a procedure which continued for 12 h. It took about two seconds for
transfer of prey inside the cell. In two open cells, one day after the imprisonment of prey,
42 and 58 larvae were recorded (Figure 3(a)).

Prey choice

Only one species of Lepidoptera was recorded, measuring approximately 4 mm in medium
length (Figure 3(b),(c)). This is the first prey record for the genus Minixi. The prey of
potter wasp is little known for Neotropical species; elsewhere, four species of Eumeninae
have been recorded as preferring a single family of Lepidoptera (Collins and Jennings
1987; Sears et al. 2001; Vargas et al. 2014). The specificity of the prey is correlated with
the solitary habit in Vespidae, as the social species (e.g., Polistinae) have a greater variety
in their choice of prey (Silva and Jaff 2002).

Larval biology

Five specimens of M. suffusum were observed from oviposition to emergence in the
laboratory: the time taken for development of female larvae was 27—34 days, while that of
the male was 27 days. Removal of the nest possibly hindered the development of some
immatures (Figure 4). In some species of eumenine, it has been observed that the male
emerges first and awaits the emergence of the female to copulate (Cowan 1986).

Sex ratio

The sex ratio of M. suffusum was 2:2 female/male (Table 1), and the difference for other
species of Eumeninae was observed in Brazil, where males were more abundant (Budriené
and Budrys 2007; Silva 2008). Some sampled nests had already seen emergence but could
be included due to the hole diameter of the emerging adult, as the size difference between
the sexes’ heads is evident (Figure 5). Cells of both sexes have relatively similar sizes,
which is unusual if compared to other species of potter wasps (Fateryga 2013).

Figure 3. Microlepidoptera found in cells of Minixi suffusum (Fox, 1899). (a) Contents of one cell
opened in the laboratory; (b) dorsal view and (c) ventral view.
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Figure 4. Minixi suffusum (Fox, 1899) larvae. (a) Feeding of caterpillar five days after oviposition
and (b) 11 days after oviposition the mandible presented signs of sclerotization.

Parasitoids

Ceyxia ventrispinosa Girault, 1911 (Hymenoptera, Chalcididae, Brachymeriini) (Figure 6)
was found parasitizing M. suffusum. Emergence of the parasitoid occurred 35 days after cell
building. This is the first record for a host of C. ventrispinosa (Andrade and Tavares 2009).

Uric acid staining

After closing the opening of a cell, the wasp starts to stain the cell and then retouch the
entire nest with uric acid obtained from fresh bird droppings approximately two hours old.
This group of cells (which together create a nest) is covered by an extra layer of uric acid to
provide mechanical strength to the nest covers. The same behavior is recorded to another
eumenine species, but only employing mud (Camillo 1999; Matthews and Matthews 2009;
Méndez-Abarca et al. 2012). It could be suggested that the extra layer is just to enhance the
masquerade. For painting the cells, the wasp collects uric acid with its mandibles, stains
the cell, incorporating the uric acid into the mud and allowing a more robust framework for
the nest, a greater attachment to the substrate, and strengthens the bond between cells
(Video 2).

During the capture of uric acid, we observed that the wasp could take between two and
five minutes to return to the nest with the substance. Giordani Soika (1978) did not observe
the addition of uric acid by M. suffusum described here, when he described a cell from
another location of Mato Grosso do Sul, Brazil, where the clay had a grayish color,
different from the dark red clay color found in the municipality of Dourados — MS.

Table 1. Number of cells per nest of Minixi suffusum (Fox, 1899) and its sex ratio.

Nest Cells Q d
1 7 2 -
2 3 2 1
3 2 2 -
4 5 3? 2
5 2 2% -
6 2 - 2%
7 2 - 1
8 3 2 1
9 4 3 1*
10 3 1 -
11 5 3 1

#Cells of Minixi sufussum with signals of emergence.
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Figure 5.

Figure 6.

3.4 mm

3.9 mm

¥
| 2 mm
' J

Ceyxia ventrispinosa Girault, 1911, found parasitizing Minixi suffusum (Fox, 1899).
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Adaptations in the mandible may be the key to understand this behavior of M.
suffusum, as has been observed in the mandible adaptations that occur in other eumenines
using vegetable raw materials to add to the mud (Cooper 2012).

Bird dropping masquerading

Uric acid added after the construction of cells by M. suffusum is probably a defense against
natural enemies, causing the nests to resemble a bird dropping (Figure 1). This defensive
strategy is assuming to avoid predation by be misidentified as an inedible object by their
predators (Skelhorn, Rowland, Speed, et al. 2010). This behavior may be related to defense
mainly against parasitoids, ants, bats and birds (Krombein 1979; West-Eberhard et al.
1995; Liu et al. 2014). Nest masquerading can hinder the action of parasitoids that use the
mandible and the ovipositor to puncture the cell wall of mud, but not for parasitoids that
act during the nesting (Berland and Bernard 1938; Gauld and Hanson 1995). Auko et al.
(2014) recorded M. suffusum being parasitized by Chrysis sp. (gt. intricans) that possibly
occurred during cell construction, as recorded for other Chrysis species (Kimsey and
Bohart 1990). This possibly happened with C. ventrispinosa recorded here. Chapman
(1969) noted that the parasitoids of wasps that nest in mud prefer unprotected cells.
We realize that when the nest is fixed to dark substrates, the wasp inserts a smaller amount
of uric acid, leaving the nest as clearly white.

Use of arthropod fragments for nest camouflage (Auko et al. 2013) or protection (Staab
et al. 2014) has been observed in other species of solitary wasps. Nest camouflage in potter
wasps involving other materials in addition to mud has already been recorded, such as
lichens (Bertoni 1918), lumps of mud (Jayakar and Spurway 1965) and vegetable matter
(Hermes et al. 2013). This is the first time that this particular masquerading behavior has
been reported in eumenines. Species using the masquerading strategy in the form of a bird
dropping in with intent of avoiding parasitic wasps is already known for other
invertebrates (Minno and Emmel 1992; Liu et al. 2014). Although this is the first use of
this strategy for masquerading of the nest, the knowledge of nesting biology of eumenines
is restricted to a few species in the Neotropical region (Bertoni 1929; Camillo 1999, 2001;
Méndez-Abarca et al. 2012).

Perhaps, in addition to masquerading, the chemical composition of uric acid can serve
as a repellent to their natural enemies, with chemical requirements, e.g. ants, or even
influence the climatic conditions of the nest, since these nests are found at sites exposed to
sunlight and thus uric acid may function as a reflector of light. Future research may reveal
whether there is more than one function involved in this behavior of staining the nest.
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