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Abstract
Social wasps present various architectural patterns for their nests, which may differ in shape, size, color, and material used 
in construction. The distribution pattern of comb cells presented by Mischocyttarus mirificus (Zikán, 1935) is vertical with 
a single cell of width, resulting in a filiform shape that camouflages in the middle of the substrate. There are few studies 
regarding this architectural pattern for social wasps and their role in camouflage, and this study aims to detail the nesting 
habits of this species. In total, 40 colonies were analyzed in their natural habitat and six were dissected in the laboratory. 
Aspects about the construction of the nests and nesting environment have been described. A test was carried out with nest 
photographs, to quantify their camouflage percentage within the nesting substrate. The colonies were found mainly in ripar-
ian forests where there were elements in the environment that favored their camouflage. According to the nest photograph 
analysis, their camouflage levels can vary according to the position from which the photograph is taken. It is evident that 
M. mirificus founders select sites where they can camouflage their colonies, and this gives them advantages in exploring a 
new environment.
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Introduction

The genus Mischocyttarus de Saussure, 1853 is the only 
one that represents the Mischocyttarini tribe, comprising of 
approximately 250 described species (Silveira 2008). The 
colonies of the genus consist of a single comb without pro-
tective covering and fixed to the substrate by a peduncle 

(Wenzel 1998; Somavilla et al 2012). The species are essen-
tially neotropical, distributed exclusively in Central and 
South America, and with a few species occurring in North-
ern Mexico (Richards 1978, Carpenter and Andena 2013).

Mischocyttarus mirificus (Zikán) has been recorded in 
Southeastern Brazil in Parque Nacional do Itatiaia (RJ) 
and in Área de Proteção Ambiental (APA) São José (MG) 
(Barbosa et al 2016a; Souza et al 2020a). Mischocyttarus 
mirificus is part of the Haplometrobius subgenus and the 
Mischocyttarus artifex (Ducke, 1914) species group. These 
groups have various architectural patterns, and some species, 
such as Mischocyttarus artifex, M. mirificus, Mischocyttarus 
oecothrix Richards, 1940, and Mischocyttarus ypiranguensis 
Fonseca, 1926, build string-like combs, with a single cell of 
width (Richards 1978).

The filiform architecture pattern presented by M. miri-
ficus nests is a subject of curiosity because, when in their 
natural environment, they are often mistaken for branches, 
vines, and roots of epiphytic plants (Souza et al 2010a). 
However, studies that aimed to investigate aspects related to 
the camouflage behavior of nests in social wasps are scarce 
(Turillazzi 2012; Barbosa et al 2016b; Milani et al 2020; 
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Souza et al 2020b), while a few others address them briefly 
(Richards 1978; Giannotti 1999; Smith 2004; Starr 2014). 
Camouflage, much like nesting site selection, is considered 
to be a primary defense strategy (Edmunds 1974), as it is an 
evolutionary adaptation found in some social wasp species 
(Hermann and Blum 1981; Souza et al 2020b), especially in 
those which present low aggressiveness (Strassmann et al 
1990) or stunted stingers, like Mischocyttarus (Giannotti 
1999; Silveira et al 2015).

Richards (1978) described the architectural patterns 
of many Mischocyttarus species’ colonies and provided 
insights into their possible camouflage potential for many 
of them. Giannotti (1999) wrote that colonies of Mischocyt-
tarus cerberus styx Richards, 1940 were well camouflaged 
within their substrate, since their coloration resembled the 
bark of the trees on which they were found; additionally, he 
described the behavior of adult wasps covering the nest’s 
naturally white pupae cells with plant material so that they 
do not contrast against the background. Another report 
pointed out that the nests of M. collarellus are extremely 
cryptic: not only were they about the same stained color as 
the trunk of the tree they were on, but they were also similar 
in shape and size to a hanging tree bark piece (Smith 2004). 
It is also suggested that the elongated and filiform shape of 
the Mischocyttarus punctatus (Ducke, 1904) nests (similar 
to the pattern of M. mirificus) consists of a defensive cam-
ouflage strategy (Starr 2014).

Animals capable of camouflaging themselves are under 
strong pressure to minimize their conspicuity to possible 
predators, and the efficiency of this behavior is related to 
the mechanisms used by the predator in the search for prey 
(Pike 2018). A more thorough investigation of the aspects 
involved in the camouflage behavior of the M. mirificus nests 
will assist in the better understanding of its evolutionary 
and adaptive meaning. And if the colony’s camouflage is 
successful, this may result in M. mirificus having equal or 
superior productivity when compared to the other species 
of the genus. Thus, the aim of this study was to measure 
the productivity of M. mirificus colonies, describe their 
nesting habits, and provide a new strategy to quantify nest 
camouflage.

Material and methods

Study area

The study was carried out at riverbank forest fragments in 
the municipalities of Inconfidentes (22°19′1″S, 46°19′40″W) 
and Bueno Brandão (22°26′27″S, 46°21′3″W), south of 
Minas Gerais state, Brazil, under the influence of the Atlan-
tic semi-deciduous montane forest phytophysiognomy 
(Oliveira Filho 2006), where colonies of the species have 

typically been found. Both areas present warm climate, 
with an average of 17.3 and 19.3 °C for Bueno Brandão and 
Inconfidentes respectively, according to Koppen and Geiger 
(Climate-date 2018). Field visits were conducted monthly 
from 12:00 p.m. to 5:00 p.m. from March 2017 to February 
2018, totaling 15 days of fieldwork and 75 h of sampling 
divided equally between locations.

Data collection

The riverbank forest areas of the two municipalities were 
actively searched to locate colonies, which involved visual 
searches for wasp colonies by multiple observers, ranging 
from two to five samplers. The searches were carried out 
on pre-existing trails for an unmarked distance with varied 
proximity to water bodies.

When found, colonies were photographed and measure-
ments of nest length, cell number, number of adults, distance 
from the nearest water source, distance from the ground, 
substrate used for nesting, and color of the nest peduncle 
were recorded. When nests were found abandoned (absence 
of adults, eggs, larvae, and pupae), they were collected for 
laboratory analysis.

Individual wasps were sampled and sent to Professor 
Orlando Tobias da Silveira at Museu Emílio Goeldi to con-
firm species identification. The specimens were deposited 
in the CBVS collection speciesLink system, IFSULDEMI-
NAS Zoology Laboratory, Campus Inconfidentes, by the 
catalog numbers: 00708–2014; 00,709–2014; 00,710–2014; 
03,446–2017; 03,447–2017; 03,448–2017; 03,449–2017; 
03,449–2017.

Colony productivity

The nests were taken to Laboratório de Ecologia Comporta-
mental e Bioacústica (LABEC) at Universidade Federal de 
Juiz de Fora, where some of them were dissected to char-
acterize nest architecture and infer productivity indexes. 
Additionally, the following data was recorded from them: 
cell length, productive cells, number of adult wasps emerged 
(calculated by counting the meconium layers inside the 
cells), number of reused cells, and the length and width of 
the nest peduncle (Oliveira et al 2010).

First, peduncle length and width were measured with cali-
pers. Later, each cell was analyzed individually for length 
and width. Finally, through dissection under the stereomi-
croscope, it was possible to assess the amount and width of 
the meconium layers in each cell.

Data analysis

The Spearman correlation coefficient was used between 
peduncle width and cell number, total cell number and 
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number of adults produced by the colony, and number of 
meconium layers and the length of the cells. Pearson’s cor-
relation was used between colony length and cell number, 
with a 5% confidence margin. Both statistical analyses were 
carried out in the R Software (R Development Core Team 
2017).

Strategy used to quantify nest camouflage

Despite the difficulties of photographing in the field, eight 
M. mirificus colonies were found and photographed from at 
least two different perspectives/positions.

The resolution of the photos is 4608 × 3456 pixels, taken 
with a NIKON® camera (model: COOLPIX P600). Figure 1 

shows examples of photos taken of colonies. In this figure, 
the histograms of the images were obtained using the free, 
open-source image analysis software ImageJ (Schneider et al 
2012) with weighted RGB conversions.

The bias in the acquisition of images was avoided through 
the following procedures: (i) illumination settings such as 
“skylight” and “cloudy” were not used on the digital cam-
era; (ii) the camera flash was disabled to maintain natural 
illumination behavior (e.g., shadows); (iii) the photos of the 
colonies were taken at a distance that allowed the view of 
the entire nest and from different perspectives (back, front, 
left, and right) in order to avoid any experimenter bias in 
target placement; and (iv) the photos were taken to include 

Fig. 1   Photographs of Mis-
chocyttarus mirificus colonies 
labeled as A, B, C, and D with 
their respective histograms. 
The y-axis of the histogram 
represents the frequency of 
occurrence of each gray-level 
value. Red rectangle highlights 
the colonies
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the landscape where the colony is inserted, with surrounding 
branches, roots, and epiphytes.

The threshold color plugin of ImageJ, which is based on 
a bandpass filter, was used to analyze the colored photos 
of the M. mirificus colonies (Schneider et al 2012). It can 
threshold color images in the RGB system in different color 
spaces, such as HSB, which was the one chosen for this 
study. The HSB space has three components that define the 
color of each pixel: hue (H), saturation (S), and brightness 
(B). The RGB space defines the pixel color through three 
components: red (R), green (G), and blue (B). Details about 
color spaces and conversions between them can be seen in 
Gonzalez and Woods (2009).

The intensity of a pixel or a region of interest (ROI) 
formed by a set of pixels serves as the input data for the 
threshold color plugin. This input data is provided to the 
plugin through ImageJ’s graphical interface. As the focus 
in this study is the wasp nest, each plugin application was 
provided with a rectangular domain within the nest space 
as the ROI.

Figure 2 illustrates the ROI chosen to be the input for the 
threshold color plugin. This region is determined via ImageJ 
graphical interface using a mouse click event by the user. 
After the user chooses the ROI, the filter determines regions 
within the image that have colors close to those contained 
in the ROI.

The color segmentation plugin (Sage 2018) was also 
used to quantify the painted area obtained with the applica-
tion of the threshold color plugin. It was added to ImageJ 
software to determine the area of the regions present in an 
image using the K-means algorithm clustering method. The 
input data of this plugin are points in the form of color keys 
assigned to regions of the image whose areas are sought.

Four metrics based on results obtained using the thresh-
old color and color segmentation plugins are proposed in 
this work to quantify nest camouflage, namely:

•	 metric A1: percentage of the area of the colony within 
the image. To calculate this metric, first, the user manu-
ally paints the colony area in the image using the ImageJ 
software. Then, the color segmentation plugin is used to 
calculate the area of the painted region. Figure 3 (col-
umn c2) shows examples of images with the colony area 
painted by the user;

•	 metric A2: percentage of the area painted via threshold 
color plugin within the image. Again, the color segmen-
tation plugin is adopted to calculate this percentage. 
Figure 3 (column c3) illustrates the area painted using 
the threshold color plugin;

•	 metric A3: percentage of the area painted via threshold 
color plugin within the image considering only the col-
ony area defined by the user. To obtain this percentage, 
an algorithm developed in this work identifies only the 
region of the colony that was painted by threshold color 
plugin. The data input of this algorithm are the images 
used to calculate the metrics A1 and A2 (e.g., Fig. 3 — 
columns c2 and c3). It was implemented computationally 
in the GNU Octave programming environment. Figure 3 
(column c4) shows examples of images of the colony 
region obtained by algorithm whose percentage of area 
within the image determines metric A3;

•	 metric M1: ratio between the values of the metrics A2 
and A1, i.e., percentage of the area painted using the 
threshold color plugin (metric A2) divided by percent-
age of the colony area painted by user within the image 
(metric A1). Metric M1 suggests the level of wasp colony 
camouflage;

•	 metric M2: ratio between the values of the metrics A3 
and A1. This metric may be used as a measure of the 
quality of the ROI for the application of the threshold 
color plugin.

Results

Nesting habitats

Forty Mischocyttarus mirificus colonies were recorded; all 
fixed on vegetal substrates. This included aerial roots of dif-
ferent epiphytes species, as well as stems or leaves. About 
92% of the colonies found were within 15 m of some water 
body, usually in riparian forests as shown in Fig. 4.

The nests varied in length and cell number; however, 
even though some of them varied considerably in these 
aspects, the length correlated positively with the cell num-
ber (r = 0.99, p = 2.2e−16).

Fig. 2   Sample image used to perform the camouflage analysis. The 
arrow indicates a rectangular ROI (edges in yellow) chosen within the 
Mischocyttarus mirificus colony area
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The smallest colonies recorded in the field had five cells, 
while the largest of them presented a total of 103 cells. An 
average of 6.09 ± 5.66 adults per colony was recorded. The 
mean distance from the nest to the nearest water body was 
5.35 m ± 2.77 m, except for two nests that were approxi-
mately 600 m from any body of water. Regarding distance 
from the ground, an average of 3.46 ± 1.81 m was obtained. 
Ninety-five percent (n = 38) of the colonies observed were 
between the heights of 1.5 m and 5 m.

Nest building

Peduncle

The substrates used for nest fixation are preferably hori-
zontally inclined. Initially, a resinous peduncle, which 
is fixed centrally in the first cell, is built in a vertical or 
slightly inclined position. The peduncles maintain a 
similar width to its initial state, slightly widening as the 

cell number increases but with no significant correla-
tion (r = 0.58, p = 0.9). The analyzed nest peduncles had 
a mean length of 4.97 ± 2.75 mm and a mean width of 
1.57 ± 0.71 mm. All recorded peduncles were shiny black 
or bright gray in color.

Cell construction

Once the peduncle is completed, the wasps begin the con-
struction of the first cell, which has a conical shape, like 
the rest of the nest. Initially, the cell is symmetrical in the 
length of its frontal and dorsal surfaces. As it is enlarged by 
workers, the dorsal surface becomes slightly larger than the 
frontal one, causing the opening to be inclined. Because of 
the vertical-filiform disposition of cells of this architectural 
pattern, the upper cell needs to be at least partially con-
structed before the lower one can be initiated. The initial 
cell, which has not yet originated any adult and is considered 
incomplete, is relatively smaller than a complete cell, which 

Fig. 3   Photographs of Mischocyttarus mirificus colonies labeled as A, 
B, C, and D. (c1) Original photos, (c2) nest manually highlighted in 
blue in the photo (c3) results of the application of the threshold color 

plugin, (c4) identification of the nest only within the images shown in 
column c3
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has already originated at least one adult (see Fig. 5). Cell 
length correlated positively with the amount of meconium 
layers found per cell (r = 0.96, p = 0.008).

As the nest increases in cell number, the wasps perform 
small adjustments so that the cell row remains in the same 
spatial position, thus avoiding nest curvature. Such correc-
tions are made to cells that were initially skewed to either 
side of its upper neighbor. However, in some nests with 
many cells, this curvature may still exist, leaving them 
with a semi-spiral appearance.

Colony productivity

Six nests were dissected (L1 to L6) and their general data is 
presented in Tables 1 and 2. The mean number of cells per M. 
mirificus nests was 47.66 ± 14.76; the mean percentage of pro-
ductive cells was 79.3 ± 15.36; and the mean number of adults 
produced per colony was 54.16 ± 17.22. The mean number of 
individuals produced per cell was 0.93 ± 0.24. There was a pos-
itive correlation between the total number of cells in the colo-
nies and the number of emerged adults (r = 0.93, p = 0.0005).

The most productive M. mirificus cells were located near 
the initial cell, in the oldest region of the comb. The less pro-
ductive cells, on the other hand, were concentrated from the 
middle to the end of the nest, the youngest part of the comb.

Analysis of nest camouflage

The results obtained with the computational strategy are pro-
vided here. The photos of the M. mirificus colonies consid-
ered in this analysis are labeled nests A, B, C, D, E, F, G, and 
H (Table 3). In this analysis, the dissected colonies (Table 1) 
were not included.

Since the nests A, B, C, D, E, F, G, and H were photographed 
from at least two different perspectives, each nest was renamed 
using the nest label and the view in which it was recorded by 
the photographer. The letters b, f, l, and r indicate the “back,” 
“front,” “left,” and “right” views, respectively. For example, the 
nest labeled as Dr denotes the right view of nest D.

In Table 3, the results of the metrics A1, A2, A3, M1, and M2 
are shown. According to metric M1, regarding level of camou-
flage, the nests labeled as Dr, El, Ef, and Gf have a higher camou-
flage level. On the other hand, the nests labeled as Cr, Fl, and Gl 
presented low values in this metric, which suggests that under these 
views (r or l), the nests C, F, and G have a low camouflage level.

From Table 3, the mean and standard deviation with the 
results of the metrics M1 and M2 are calculated for each nest 
and for the combination of all nests. These results are shown 
in Fig. 6. The graph associated with metric M1 indicates that 
nests A, B, and C are less camouflaged than the other nests. 
On the other hand, nests D and E have a high level of cam-
ouflage when compared to the average value of metric M1 
obtained considering all nests. The graph related to metric M2 
corroborates that the ROI chosen in each nest for applying the 
threshold color plugin is adequate, as it represented the color 
pattern of the nest in most cases.

Fig. 4   Colonies of Mischocyttarus mirificus in their natural environ-
ment. A Red rectangle highlights the colony of Mischocyttarus miri-
ficus amidst the vines. B Red rectangle highlights the colony of Mis-
chocyttarus mirificus among dry branches

Fig. 5   Detail of a nest cell. A Record of a Mischocyttarus mirificus 
nest part in stereomicroscope (45 ×). B The blue color represents the 
initial cell size while the red color represents the increase in cell size. 
Both colors together represent the final cell size
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Discussion

Nesting habitats

Mischocyttarus mirificus nests were mostly found in 
riparian forests, with elements in the environment that 
resembled their architecture, such as vines, branches, or 
epiphytic roots, favoring their camouflage. Riparian for-
ests offer a great complexity in vegetal structures, which 

can favor social wasps since it provides great variety of 
physical supports for the colony, increases the amount and 
heterogeneity in food resources, and imposes less micro-
climate variability (Lawton 1983; Souza et  al 2010b). 
This has also been reported for Mischocyttarus flavitarsis 
(Saussure, 1854), which mainly occurs in riparian forests 
(Little 1979).

The nesting substrates used by M. mirificus were quite 
diverse, and there was no obvious preference for a plant spe-
cies. As already reported in another study, social wasps do 

Table 1   Comparative data per 
colony on the productivity 
of 6 dissected colonies of 
Mischocyttarus mirificus (L1 
to L6). CN, total cell number; 
NCU, number of cell uses — 1, 
one use; 2, two uses; 3, three 
uses; % PC, average percentile 
rate of productive cells; PA, 
produced adults; PA/CN, 
produced adults by cell number

Colonies CN NCU % PC PA PA/CN

1 2 3

L1 35 20 7 0 80 34 0.97
L2 56 34 11 5 89.3 71 1.26
L3 62 43 4 0 77.5 51 0.82
L4 54 16 11 0 50 38 0.7
L5 55 28 11 9 87.3 77 1.4
L6 24 15 6 7 91.7 54 2.25
Average 47.66 79.3 54.16 0.93
Standard deviation 14.76 15.36 17.22 0.24

Table 2   Height and width of cells from 6 nests (mean, standard 
deviation, and variation) in relation to the meconium layers found 
deposited at the bottom of each cell of the Mischocyttarus mirificus 

colonies (n = 230). NML, number of meconium layers; CN, total cell 
number; LL, layer length in mm; CL, cell length in mm; CW, cell 
width in mm

NML CN LL mm CL mm CW mm

1 156 2.03 ± 0.38 (1.04–2.51) 15.9 ± 1.6 (9.8–20) 2.95 ± 0.14 (2.7–3.2)
2 50 1.32 ± 0.33 (0.85–1.8) 17.2 ± 1.2 (15.3–20) 3.04 ± 0.08 (2.9–3.3)
3 24 1.02 ± 0.09 (0.92–1.1) 18.0 ± 0.9 (16.1–19.9) 3.06 ± 0.06 (2.9–3.1)

Table 3   Quantification 
of measurements through 
image analysis of 
Mischocyttarus mirificus nests. 
Perspective = Nest label + view 
from which it was recorded in 
the photograph. The letters b, 
f, l, and r indicate the “back,” 
“front,” “left,” and “right” 
views, respectively

Nest Perspective Metric A1 Metric A2 Metric A3 Metric M1 Metric M2

A Back (Ab) 0.54 10.71 0.475 19.83 0.88
Front (Af) 0.7 19.23 0.679 27.47 0.97

B Front (Bf) 0.62 10.36 0.577 16.71 0.93
Left (Bl) 1.04 22.29 0.946 21.43 0.91

C Front (Cf) 0.65 21.4 0.643 32.92 0.99
Right (Cr) 1.52 20.75 1.201 13.65 0.79

D Front (Df) 0.28 16.67 0.272 59.54 0.97
Right (Dr) 0.17 20.68 0.163 121.64 0.96

E Left (El) 0.15 24.31 0.147 162.07 0.98
Front (Ef) 0.07 13.22 0.061 188.86 0.87

F Left (Fl) 1.08 13.42 1.037 12.43 0.96
Right (Fr) 0.71 37.28 0.703 52.51 0.99

G Front (Gf) 0.31 28.09 0.254 90.61 0.82
Left (Gl) 1.19 15.62 1.131 13.13 0.95

H Front (Hf) 0.67 17.48 0.516 26.09 0.77
Left (Hl) 0.56 34.76 0.291 62.07 0.52
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not seem to be influenced by a particular species of plant, 
but rather by the complexity generated by the heterogeneity 
of the environment (Souza et al 2014; Francisco et al 2018). 
When nesting, they seem to look for certain aspects and 
factors that can be found in many substrates, such as protec-
tion and availability of food and water resources (Santos 
et al 2009).

In a different study, the species Mischocyttarus collarel-
lus Richards, 1940 showed a preference for nesting in guava 
trees (Psidium sp.), even with the availability of different 
potential sites in the area (Smith 2004). It was also observed 
that all the substrates used by M. collarellus had a character-
istic in common: the presence of few epiphytes. The author 
assumes that the epiphytes may be a means for predators to 

access the colonies (Smith 2004). However, this does not 
align with the present study, in which M. mirificus colonies 
were generally found amidst those plants, which we believe 
is a colony camouflage method.

Mischocyttarus colonies usually do not present large pop-
ulations, which are usually less than 30 individuals (Gian-
notti and Trevisoli 1993), and the average population found 
in the present study was similar to those described in other 
studies (Torres et al 2011; Giannotti 1999). The same was 
true for the distance of the colony from the ground (Smith 
2004; Castro et al 2014). As for the number of cells pre-
sented by M. mirificus nests, in contrast to what was suggest 
by Robert L. Jeanne in 1975, half of the colonies found had 
24 cells or more, with the largest of the nests reaching 103 
cells and with a colony cycle that extended for more than a 
year (Souza, M.M personal communication, 2018).

Nest building

Peduncle

The mean length and width of the peduncle were close to 
that found by some authors for other species of the genus 
(Giannotti 1999; Montagna et al 2010; Scobie and Starr 
2012). In the present study, the peduncle was always central, 
and its increasing width was not significantly correlated with 
the growth of cell numbers, contrary to records for other 
species (Gianotti 1999, Montagna et al 2010).

Cell construction

Commonly in the colonies of social wasps, the cells are ini-
tially rounded and, as neighbor cells are added, they assume 
their characteristic hexagonal shape. This can be observed in 
species with nests whose cells are hexagonal at the comb’s 
center and rounded on the comb’s periphery, especially on 
the edges (Wenzel 1998; Oliveira et al 2010). Notwithstand-
ing, the pattern presented by M. mirificus cells always main-
tains a rounded or oval shape, as they do not share their side 
walls.

The internal cell space tends to decrease as each new 
adult emerges, as just before they become pupae, the larvae 
release all their excreta, which accumulate at the bottom of 
the cells, giving rise to the meconium layers, which reduce 
the internal space of the cell. Thus, as the pupa develops and 
grows, adjustments are made in the form of expansion of cell 
walls to properly house the pupal cocoon, which increases 
cell length. This aligns with what was previously recorded 
for M. cerberus styx (Giannotti 1999).

Some disadvantages to this pattern are cited in litera-
ture. Because this disposition does not allow cells to share 
their side walls, a greater amount of material and energy is 
required to build each new cell, which is why nests with 25 

Fig. 6   Average and standard deviation of the values of the metrics 
M1 and M2. Values of the average (bar) and standard deviation (error 
bar) of the metrics M1 and M2 are from Table 3. The label “Nests” 
indicates that the results of the metrics M1 and M2 are regarding all 
nests combined (nests A to H)
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cells or less are expected (Jeanne 1975). Elongated nests also 
affect social life, reducing interactions among individuals, 
and making it harder for the dominant female to maintain a 
reproductive monopoly (Starr 1991, 2014).

However, even considering the disadvantages, research-
ers assume that the filiform nest shape must be related to its 
camouflage and could be somewhat advantageous (Jeanne 
1975; Starr 1991, 2014). Other possible advantages of fili-
form nests could be a lower probability of being knocked 
over by birds at once, which may happen to more compact 
nests, and a lower vulnerability to being totally eliminated 
by parasites migrating from cell to cell (Herre et al. 1986).

Colony productivity

The mean number of productive cells in M. mirificus nests 
was close to that found in other studies (Giannotti 1998, 
Penna et al. 2007a, b, Montagna et al 2010, Castro et al 
2014). However, M. mirificus had a higher mean number 
of productive cells than Mischocyttarus cassununga (Castro 
et al 2014) and Mischocyttarus consimilis (Montagna et al 
2010).

Mischocyttarus mirificus nests seemed to produce fewer 
cells when compared to other species of the genus. How-
ever, it showed a higher average of adults produced, as well 
as number of adults emerged per cell. The number of uses 
of each cell was also very close to those recorded by other 
researchers. Reusing the cells is a way for social wasps to 
save energy and material for the construction of new cells, 
which can be costly in this architectural pattern. These dif-
ferences may be related to the intrinsic biological differences 
between species and/or the environments in which studies 
are conducted, making comparisons a complicated effort 
(Castro et al 2014).

Some authors suggest that the most productive cells in 
colonies of Mischocyttarus and Polistes are the central ones 
(horizontal shaped colonies), since they probably receive 
greater parental care from the females due to more frequent 
monitoring (Giannotti and Machado 1999) and because 
it is a possible strategy against predation and parasitism 
(Gobbi et al 1993), additionally to being the oldest cells 
of the colony (Castro et al 2014). The same can occur with 
M. mirificus with the cells closest to the peduncle (upper 
region, considering the filiform shape of the colony), which 
we found to be the most productive region of the colony.

Analysis of nest camouflage

As previously mentioned, the nests of M. mirificus resemble 
the substrate on which they are inserted, requiring careful 
observation to be found. The shape assumed by the vertical 
and linear cell distribution is easily mistaken by the substrate 
when observed. However, nests resemble the substrate not 

only in shape, but also in coloration. This can be observed 
applying the threshold color plugin from ImageJ software 
with a ROI defined within the M. mirificus colony. Figure 3 
(column c3) shows the results of this plugin.

Turillazzi (2012) discusses architectural patterns of sev-
eral species of the Stenogastrinae subfamily, many of which 
resemble the pattern of M. mirificus. Several of the colonies 
observed by the author closely resemble the substrate on 
which they are inserted in characteristics such as size, shape, 
and color. In the same study, Turillazzi states that one of the 
main defenses of the Stenogastrinae colonies is camouflage, 
knowing that hornet wasps are its main predators and that 
they use visual cues to find their prey’s colonies. This sug-
gests that the main selection force which led M. mirificus to 
present this architectural pattern may have been a predator 
that uses such cues when foraging.

A very fortuitous event, which can further testify to the 
nest camouflage capability, was that during one of the field 
observations, a damselfly from the Suborder Zygoptera 
landed in the colony to rest and only took flight when it 
was attacked by a wasp. Knowing that dragonflies see very 
well and use mainly vision to orient themselves (Olberg et al 
2005), the fact that the individual did not perceive the differ-
ence between the colony and the branches is worth noting.

The coloration of the M. mirificus colonies contributes 
to camouflage, according to the metrics A2 and M1 from 
Table 3. This suggests that the plant material used in the nest 
construction is taken from the places where the colonies are 
found, as observed for M. cerberus styx (Giannotti 1999). 
Furthermore, Table 3 shows that the perspectives influence 
the results of the metrics. Thus, some positions in which the 
colonies are photographed can attest a higher level of cam-
ouflage than others due to the incidence of light through the 
camera lens. The same can occur with possible M. mirificus 
predators guided by visual cues.

Despite a limited number of images of M. mirificus colo-
nies, they suggest that colors present in the comb contribute 
to their level of visual camouflage.

The preliminary results obtained using the computational 
strategy proposed to quantify the nest camouflage demon-
strate that this approach is promising and can further be 
applied for other social wasps.

Mischocyttarus mirificus founders look for environments 
and nesting substrates not based on a preference for a par-
ticular plant substrate, but on aspects present in several plant 
species that allow the colony to be camouflaged. Further 
studies are needed to assess which aspects selected this 
architectural pattern in the nests of M. mirificus.
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