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Simple Summary: Cyclocephala barrerai larvae feed on the roots of ornamental and commercial 13 

grasses. Most of their biology is currently unknown therefore there are no tools to manage their 14 

populations. The objectives of this work were to study the reproductive system, gonadal matura- 15 

tion, and allometry of C. barrerai. This is the first report that characterizes the reproductive appa- 16 

ratus, gonadic maturation of both sexes, allometric relationships of virgin F1 specimens and it is 17 

also the first report into the Melolonthidae family. We observed bacteria in the genital chamber of 18 

virgin females showing their relevance to the biology of this species. The presence of ultrastructure 19 

in the male genital capsule has taxonomic and evolutive value. Larvae gather reserves necessary for 20 

sexual maturation and surface to mate. Females present sclerotized accessory glands and a genital 21 

chamber with muscular fibers and bacteria. The morphology of the parameters and the antennas 22 

are under sexual selection. This is the first report of two main differences among sexes: females are 23 

heavier while males have a longer antenna. Males and females present allometric relationships that 24 

can be used to predict the bodyweight of field-collected specimens. 25 

Abstract: Coleoptera is a good example of morphologic specializations in the reproductive appa- 26 

ratus, gonadic maturation, and allometry. The female and male reproductive apparatus have been 27 

modified to ensure reproduction between individuals of the same species. The genus Cyclocephala 28 

has more than 500 species distributed in America and Cyclocephala barrerai Martínez is an economi- 29 

cally important species in the central part of Mexico. We used optic microscopy, scanning electronic 30 

microscope and laser scanning confocal microscope to describe the reproductive apparatus and go- 31 

nadic maturation of females and males. Also, the relationship between adult weight and different 32 

parts of the body was established by linear regression. Regardless the reproductive apparatus of C. 33 

barrerai are like those of the Melolonthidae, the genital chamber, the accessory glands type II and 34 

the ventral plaques of the female, and the ejaculator bulb and genital capsule of the males are spe- 35 

cific for C. barrerai. The gonads are fully developed when 18 d old. The weight of adults of C. barrerai 36 

has a positive linear relationship with distinct parts of its body while the antenna of males is larger 37 

than those of the females. 38 

Keywords: Beetles, Reproductive system, sexual dimorphism, oogenesis. 39 
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Gonadic maturation indicates the beginning of the insect’s reproductive period [1– 42 

4]. In families such as Carabidae, Coccinellidae, Curculionidae, Dryophthoridae, Scoly- 43 

tidae, Silphidae, and Chrysomelidae, gonadic maturation is mainly affected by genetics, 44 

hormones (produced by the female or obtained from a male during mating), age, temper- 45 

ature, and food intake as larvae and adults [5–8]. 46 

Melolonthidae male’s reproductive apparatus typically comprises: A) two accessory 47 

glands, B) two vas deferens, C) two testis with six follicles connected by the vas efferens, D) 48 

ejaculatory duct, E) a genital capsule and F) an aedeagus [9–11]. The genital capsule is a 49 

sclerotized structure with two plaques covering the endophallus. The most distal plaques 50 

of the genital chamber are called parameres which are used by the male to secure the 51 

female and guide the aedeagus through the female urogenital pore [12]. In Melolonthidae 52 

these parameres are specie specific and are of taxonomic value [9,11,13]. 53 

Female Melolonthidae reproductive apparatus typically has A) two compound ova- 54 

ries with six ovarioles, B) a common oviduct, C) a bursa copulatrix, D) a spermatheca with 55 

a spermatic gland, E) a genital chamber F) one or two accessory glands and G) ventral 56 

plaques [9,10,14–16]. 57 

The information on female Melolonthidae gonadic maturation is scarce. Yi-Zhen et 58 

al. [17] distinguished three types of female gonadic maturation: 1) those females that 59 

emerge to mate with fully developed ovaries like Holotrichia sp., Holotrichia trichopora Fair- 60 

maire, and Anomala exoleta Fald, 2) those females that require some food to fully develop 61 

their gonads like Holotrichia oblita Faldermann and Anomala corpulenta Motschulsky, and 62 

3) those females whose gonadic maturation depends on food intake as adults like Holotri- 63 

chia parallela Motschulsky. The only information available about Melolonthidae ovary 64 

type is that for the New Zealand grass grub Costelytra zealandica White with a telotrophic 65 

ovary [18]. 66 

Gayon [19] defined allometry as “the changes in relative dimensions of parts of an 67 

organism that are correlated with changes in overall size”. The allometry of specific mor- 68 

phological characters is important in Coleoptera reproduction as those characters play an 69 

important role during courtship, mate selection, mating, coercive behavior, and female 70 

manipulation during sperm transfer [20–24]. Most of the information on allometry in Mel- 71 

olonthidae, is that of the Dynastinae subfamily whose individuals present a strong sexual 72 

dimorphism. In males of this subfamily, there is a positive allometric relationship between 73 

size and horns, so larger males have larger horns which provide some advantage during 74 

agonistic encounters and courtship [25–27]. Cyclocephala presents sexual dimorphism as 75 

the nail of the first leg is larger in males than females [28] but its role during courtship and 76 

mating is unknown. 77 

Regardless of the relevance of the genera Cyclocephala as pollinators or pests of dif- 78 

ferent economically important crops [29–31], the morphology of their reproductive appa- 79 

ratus is not fully studied. The female reproductive apparatus has been described for Cy- 80 

clocephala jalapensis Casey whose genital chamber and accessory glands are particular to 81 

these species, the rest of the reproductive apparatus is very similar to that of other Melol- 82 

onthidae [16]. Male reproductive apparatus has been described for C. jalapensis, Cycloceph- 83 

ala picta Burmeister, Cyclocephala sexpunctata Castelnau, Cyclocephala mafaffa Burmeister, 84 

Cyclocephala lunulata Burmeister, and Cyclocephala weidneri Endrödi, been the parameres 85 

the main difference among these species [11]. 86 

Cyclocephala barrerai Martínez is distributed in the central part of México, and it is 87 

considered a plague as their larvae feed on economically important plants as grasses and 88 

maize [32–34]. At the moment there is no available management program for this pest, 89 

however, adults are attracted to volatiles produced by symbiotic bacteria from the female 90 

genital chamber [35]. 91 

The study of the morphology of the reproductive structures involved in mating will 92 

provide relevant information on the C. barrerai mating system, laying the foundations 93 

needed for applied research. This paper describes the gonadic maturation, the female and 94 

male genitalia, and some allometric relationships within each gender.  95 

96 
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2. Materials and Methods 97 

2.1. Cyclocephala barrerai insects 98 

Cyclocephala barrerai adults were collected at “La presa” baseball park at Puebla city, 99 

México (18°58'26.0"N 98°14'46.4"W), from May to June 2020. Collected insect were reared 100 

at the Chemical Ecology laboratory facilities of the Centro de Desarrollo de Productos 101 

Bióticos of the Instituto Politécnico Nacional and were kept at 26 ± 3 °C, 70 ± 20% HR and 102 

a 12L:12D light regime. 103 

Insects were reared according to Sanchez-Cruz et al., (in preparation). In short, a ma- 104 

ture female and two mature males were allocated to a 50 mL cylinder plastic container 105 

filled with 25 mL of soil and covered with a cheesecloth secured by a rubber band. Eggs 106 

were collected every 24 h and each one allocated to a 50 mL plastic container (the same 107 

one mentioned above) with a nutritious substrate (25 mL) until pupation. Substrate was 108 

kept humid by spraying tap water as needed. The nutritious substrate was replaced every 109 

month. 110 

A single pupa was allocated to a 35 mL plastic container with 29 mL of humid soil. 111 

Four of these containers were kept in a 15 cm length by 5cm high and 10 cm width squared 112 

container whose tap had four holes for ventilation. Fifty mL of water floured the container 113 

to prevent pupae dehydration. Newly emerged adults were collected 24 h after emergence 114 

and allocated to a 50 mL cylinder plastic container filled with 25 mL of soil in the above- 115 

mentioned plastic containers with the nutritious substrate. 116 

2.2. Reproductive apparatus description 117 

A total of 20 virgin and healthy insects (10 for each gender) of 18 d old were examined 118 

under a stereoscope. The reproductive apparatus (RA) was dissected under saline solu- 119 

tion and stained for 5 minutes with Giemsa 1%. After this time, the RA was rinsed with 120 

tap water and temporally stored in saline solution until observation on a Zeiss Discovery- 121 

V20 (Thornwood, Nueva York, EE. UU) stereoscopic microscope. The papers by [10], [16], 122 

[12], and [11] were used to identify the reproductive structures. Drawings and all pro- 123 

cessing of images were devised with Krita 4.4.2 software (Stichting Krita Foundation, 124 

Netherlands). 125 

The ejaculatory bulb and genital capsule from males and the genital chamber, acces- 126 

sory glands, and ovaries from females were dehydrated by sequential immersion in etha- 127 

nol at 70% (2h), formaldehyde 40% (1 h), ethanol 90% (2 h), formaldehyde 40% (1 h), and 128 

100% ethanol for (2 h). Then microphotographs were obtained by the methodology of 129 

[36,37]; the structures were collocated in aluminum stubs with double-sided carbon adhe- 130 

sive and viewed using an Environmental Electronic Scanning Microscope (ESEM) Model 131 

EVO LS10 Life Science (Carl Zeiss, Germany). The genital chamber and accessory glands 132 

were stained using 1% DAPI solution for 1 h, after that, the solution was removed with 133 

PBS. The genital chamber and accessory glands were observed in Laser Scanning Confocal 134 

Microscope (LSCM) model CLSM LSM 800 (Carl Zeiss, Germany). 135 

2.3. Male gonadic maturation 136 

To study the male gonadic maturation a total of 30 males were sacrificed at 0, 10 and 137 

18 d after emergence (n=10), and their RA (accessory glands, vas efferens and testis) was 138 

dissected and cleaned under saline solution as mentioned before. The RA was stained 139 

with Giemsa 10% for 5 min and observed under the stereoscope previously mentioned. 140 

The sperm was obtained from the vas efferens and allocated to 1.5 mL Eppendorf tubes 141 

plus 200 µm of distilled water before manual stirring and observation under an ESEM. 142 

To study the female gonadic maturation, the RA (ovaries and oocytes) of 10 females 143 

of 0, 6, 12, and 18 d old was dissected with saline solution as mentioned before, stained 144 

for 5 min with 10% Giemsa and observed under the stereoscopic microscope and was 145 

classified according to the [38] classification. The ovaries of 12 d old were dissected to 146 
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separate the ovarioles. The ovarioles were dehydrated at ethanol series (70 %, 96%, and 147 

100%) prior observation under the above mentioned LSCM.  148 

2.4. Allometry 149 

All C. barrerai pupae were weighed using an analytical balance (Ohasus Explorer, 150 

0.0001 gr precision, Zurich, Switzerland). All newly emerged adults were weighted on the 151 

same scale and sexed according to the nail of the first legs where males present a larger 152 

nail than females. A total of 31 males and 36 females of 18 d old were sacrificed by freez- 153 

ing. 154 

To study the relationship between body parts and size, we separated the hind-tibia, 155 

middle-tibia, and the external-lamella of the antenna of both sexes and the genial chamber 156 

and bursa copulatrix in females and the tarsal nail (width and length) of the front legs of 157 

the male.  All the structures were measured and photographed under a stereoscope Zeiss 158 

Discovery-V20 (Thornwood, Nueva York, EE. UU). The photos were analyzed with Im- 159 

ageJ software (Scion Corporation, USA) [39]. 160 

2.4.1. Statistical analysis 161 

The relationship between the body parts and the size or the length of the structures 162 

was analyzed by linear regression. We compared the measurements of the different body 163 

parts between sexes with a t-test. Unless stated otherwise, all reported data is the mean ± 164 

ESM. All analyses were carried out on SigmaPlot 14.0 (Systat Software, Inc., USA). 165 

3. Results 166 

3.1. Male reproductive apparatus 167 

The male RA consists of two accessory glands, two glandular duct, two testes each 168 

with six testes follicles, six vas efferens, two vas deferens, one ejaculatory duct, one ejacula- 169 

tory bulb, one genital capsule, and one aedeagus (Figure 1). 170 

3.1.2. Accessory glands 171 

The accessory glands are long ducts with thick walls. The superior zone is small, and 172 

no fluid is observed. The subsequent zone is thick with a fluid. The accessory glands are 173 

connected to the ejaculatory duct (Figure 1). 174 

3.1.3. Testes, vas efferens and deferens 175 

The testis is compound of six free follicles, lobed, dorsoventrally flattened, in form of 176 

a “flower”, every testis follicle is connected to a vas efferens. The vas efferens is a small and 177 

thin duct connected to the vas deferens. The vas deferens are long, with thicker walls, the 178 

diameter of its anterior part is smaller than the posterior (Figure 1). 179 

3.1.4. Ejaculatory duct and ejaculatory bulb 180 

One side of the ejaculatory duct is connected to the accessory glands and the vas ef- 181 

ferens while the other side connects to the ejaculatory bulb (Figure 1). The ejaculatory bulb 182 

is a membranous sac with fluted like muscular tissue (Figure 1). 183 
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 184 

Figure 1. Reproductive apparatus of 18 d old Cyclocephala barrerai male. AG = accessory glands, GD 185 
= glandular duct, T = testes, TF = testis follicles, Vd = vas deferens, Ve = vas efferens, ED = ejaculatory 186 
duct, EB = ejaculatory bulb, GP = genital capsule, Pa = parameres. 187 

3.1.5. Endophallus 188 

The endophallus is a “Membranous sac lying within median lobe contiguous with 189 

ejaculatory duct” [12] (Figure 2 A) and it is involved by the genital capsule (Figure 2 B). 190 
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 191 

Figure 2. Endophallus of 18 d old Cyclocephala barrerai male. A) endophallus and ejaculatory bulb, 192 
B) genital capsule and endophallus. En = endophallus, EB = ejaculatory bulb, GC = genital capsule. 193 

3.1.6. Genital capsule 194 

The genital capsule “is a structure formed of the sclerites of abdominal segment” [12] 195 

(Figure 3 A) and it has two symmetrical plates: 196 

1) Connecting membrane (Figure 3 A). It is in the ventral zone, connecting the 197 

phallobase and parameres. 198 

2) Parameres (Figure 3 A, B). The parameres are at the end of the genital capsule 199 

and have a curvilinear triangle shape. The C. barrerai parameres are symmetric and they 200 

guide the aedeagus into the urogenital opening of the female during mating. The para- 201 

meres are ornamented with small cones and pits (Figure 3 C). Some areas at the distal tip 202 

of the parameres have some pallid fine lines between the pits (Figure 3 D). 203 

3) Posterior phallobase and anterior phallobase (Figure 3 E). Posterior phallobase 204 

is a sub cylindric structure that involves the aedeagus and connects to the parameres. It is 205 

made up of one piece and presents a high diversity of ultrastructure (Figure 3 F). The 206 

posterior phallobase has four types of ultrastructure: 1) large needle, 2) small needle, 3) 207 

pits (Figure 3 F), and 4) small needle with a circular base (Figure 3 G). 208 
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 209 

Figure 3. Genital capsule of 18 d old Cyclocephala barrerai male. A) genital capsule (lateral view), B) 210 
parameres (frontal view), C) ultrastructure in parameres (distal view), D) ultrastructure in para- 211 
meres (proximal view), E) genital capsule (dorsal view), F) pits and ultrastructure in phallobase 212 
(proximal view), G) pits and ultrastructure in phallobase (posterior view). Pa = parameres, PPh = 213 
posterior phallobase, CM = connecting membrane, AP = anterior phallobase. 214 

3.1.7. Gonadic maturation and sperm 215 

Newly emerged males of C. barrerai present an immature reproductive apparatus 216 

(Figure 4 A). The accessory glands and vas deferens of newly emerged males are empty 217 

and white and clear, and their walls thickness is uniform. The accessory glands and vas 218 

deferens from 10 d old males are enlarged and hold a white content that does not fulfill the 219 

accessory glands and the vas deferens. 220 

When males are 18 d old, the accessory glands are filled with a white content and the 221 

mature sperm is located at the vas deferens. Mature spermatozoids had a tubular and fila- 222 

mentary shape (Figure 4 B). 223 

 224 

Figure 4. Development of male reproductive apparatus and sperm of Cyclocephala barrerai. A) devel- 225 
opment, B) sperm from an 18 d old male. AG = accessory glands, Vd = vas efferens, ED = ejaculatory 226 
duct, EB = ejaculatory bulb. 227 
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3.2. Female reproductive apparatus 228 

The female RA presents a genital chamber, two pairs of genital plaques, two pairs of 229 

ventral plaques, a spermatheca with a spermathecal gland, a common oviduct, and two 230 

ovaries (Figure 5). 231 

3.2.1. Spermatheca and spermathecal gland 232 

The spermatheca is a tubular, sickle-shaped structure with a spermatheca muscle and 233 

spermatheca gland. The spermatheca gland is balloon-shaped and is larger than the sper- 234 

matheca. Both structures join the spermatheca duct (Figure 5). 235 

3.2.2. Bursa copulatrix 236 

The bursa copulatrix is a “punch-like bimembranous structure arising anterodorsally 237 

from the genital chamber” [12]. It is bigger than the genital common oviduct (Figure 5). 238 

3.2.3. Common oviduct 239 

It is a “Tubular structure connecting posteriorly to the anteroventral area of the gen- 240 

ital chamber and bifurcating anteriorly to the paired lateral oviducts that connect to the 241 

paired ovaries” [12] (Figure 5). 242 

 243 

Figure 5. Reproductive apparatus of 18 d old virgin Cyclocephala barrerai female. Bc = bursa copulatrix, 244 
GC = genital chamber, S = spermatheca, SG = spermathecal gland, AG I = accessory gland type I, AG 245 
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II= accessory gland type II, Grm= gremarium, Oc = oocyte, Ov = ovary, CO = common oviduct, LO 246 
= lateral oviduct, DGP = dorsal genital plates, VGP = ventral genital plates. 247 

3.2.4. Genital chamber 248 

The genital chamber is a cylindric structure. The common oviduct, bursa copulatrix, 249 

and the spermatheca duct insert into the genital chamber (Figure 6 A, B). The latest is 250 

made of muscular fibers rolled up over each other (Figure 6 C, D). In a cross-section view, 251 

the tissue is fluted. The distal part, close to the genital plaques of the genital chamber, of 252 

18 d old females has bacteria. These have a circular shape and are in the chamber inside 253 

the muscular tissue (Figure 6 E, F). They can be found alone, aggregated, or in couples or 254 

triples. The bacteria size varied from 3 to 14 μm. 255 

 256 

Figure 6. Genital chamber of 18 d old virgin Cyclocephala barrerai female. A) genital chamber (interior 257 
view), B) genital chamber (exterior view). C) muscular structure of genital chamber (confocal scan- 258 
ning laser microscopy view), D) cross-section, E) bacteria in the genital chamber, F) bacteria into the 259 
muscular structure of the genital chamber. GC = genital chamber, CO = common oviduct, AG = 260 
accessory glands type II, VGP = ventral genital plates, MS = muscular structures. 261 

3.2.5. Genital plates 262 

The genital chamber has two types of genital plates. 263 
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1) Dorsal plates. They are sclerotized rectangular shape structures. They insert 264 

near the accessory glands, around the genital chamber. 265 

2) Ventral plates (Figure 7). They insert in the distal part of the genital chamber. 266 

The ventral plates are oval with many setae (Figure 7 A). The setae interact with the para- 267 

meres of the male during mating. The ventral part has pits (Figure 7 B). 268 

 269 

Figure 7. Ventral genital plates of 18 d old Cyclocephala barrerai virgin female. A) ventral genital 270 
plates (front view), B) ventral genital plates (lateral view). VGP = ventral genital plates. 271 

3.2.6. Accessory glands 272 

We observed two types of accessory glands: type I and type II. 273 
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1) Type I is oval shaped, and it inserts in the distal zone of the genital chamber. 274 

2) Type II is sclerotized (Figure 8 A) and has a spherical shape. It is formed by 275 

triangular plates (Figure 8 B, C and D). 276 

 277 

Figure 8. Accessory glands type II of Cyclocephala barrerai female. A) tissue in blue and keratinized 278 
structure in red (confocal scanning laser microscopy), B) accessory gland type II with tissue of the 279 
genital chamber, C) accessory gland type II (internal view), D) plates in the accessory gland type II 280 
(close-up), AG II = accessory glands type II, GC = genital chamber, Pla = plates, PlaL = plates (lateral 281 
view), PlaB = plates (ventral view). 282 

3.2.7. Ovary type and ovarian development 283 

The females of C. barrerai present a telotrophic, compound two-ovary with six ovari- 284 

oles (Figure 9). The compound ovariole of the germarium, the vitellarium, and the mature 285 

oocytes are in the oviduct (Figure 9 A, B). The germarium contains the germinative cells 286 

that will produce gametes (oogonia) (Figure 9 C, D). The vitellarium contains the imma- 287 

ture oocytes (ovarian follicles) (Figure 9 E). 288 
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 289 

Figure 9. Telotrophic ovary of Cyclocephala barrerai. A) ovary of 6 d old female, B) ovariole of 12 d 290 
old female, C) and D) ovarioles (confocal scanning laser microscopy view). E) scheme of ovary. Grm 291 
= gremarium, Ooc= oocyte, Fc= Follicular cells, V = vitellarium, TF = terminal filament, N = nucleus, 292 
IT = interfollicular tissue. 293 

The ovarian development of C. barrerai (Figure 10) presents three nulliparous stages 294 

and a parous (with ovulation) one (Figure 10). On day 0 (emerged from pupae) the ovary 295 

is in nullipara 1 stage; “where the germarium and vitellarium are not differentiated and 296 

are without follicles” [8]. On day six the ovary is in nullipara 2 stage: “well-defined ovar- 297 

ioles with multiple follicles, the proximal follicle transparent indicating that it had not 298 

completed maturation” [8]. On day 12 the ovary is in nullipara 3 stage; “proximal follicle 299 

more opaque [mature] and close to ovulation” [8]. On day 12, the ovary is in the parous 300 

stage. 301 

 302 

Figure 10. Ovarian development of Cyclocephala barrerai female. A) ovarioles individual maturation, 303 
B) ovary maturation N1 = nulliparous 1, N2 = nulliparous 2, N3 = nulliparous 3, P = parous. Bars = 304 
2 mm. 305 
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3.3. Allometry in Cyclocephala barrerai 306 

3.3.1. Relationships between body parts and weight 307 

Measures of the different body parts used in this study are presented on Table 1. 308 

Cyclocephala barrerai lab-reared has a lineal and positive relationship among pupal weight 309 

and female (R2 = 0.820, F = 254.2, df = 1, 57, p <0.001) and male (R2 = 0.833, F = 279.531, df 310 

= 1, 57, p <0.001) weight. Female weight and her middle-tibial length (R2 = 0.566, F = 44.28, 311 

df = 1, 35, p <0.001, Figure 11 A) and hind-tibial length (R2 = 0.437, F = 25.584, df = 1, 34, p 312 

<0.001, Figure 11 B) have a linear and positive relationships. Similar relationships occur 313 

among male weight and his middle-tibial length (R2 = 0.566, F = 44.28, df = 1, 35, p <0.001, 314 

Figure 11 C) and his hind-tibial length (R2 = 0.437, F = 25.584, df = 1, 34, p <0.001, Figure 315 

11 D). 316 

Table 1. Measurement of different body parts of Cyclocephala barrerai adults. 317 

Structure 

 

Lab-reared adults 

mean ± SEM (n) 

Female Male 

Pupa weight 0.308 ± 0.006 gr (58) 0.291 ± 0.006 gr (58) 

Adult weight 0.188 ± 0.004 gr (58) 0.175 ± 0.004 gr (58) 

Middle-tibial length 2.625 ± 0.051 mm (36) 2.770 ± 0.022 mm (33) 

Hind-tibial length 3.025 ± 0.054 mm (35) 3.077 ± 0.048 mm (36) 

Lamella length 1.236 ± 0.089 mm (21) 1.876 ± 0.024 mm (20) 

Lamella area 0.383 ± 0.015 mm2 (16) 0.775 ± 0.014 mm2 (20) 

Tarsal nail 1 length - 1.199 ± 0.0218 mm (16) 

Tarsal nail 1 width base - 0.452 ± mm 0.007 (16) 

Tarsal nail 2 length - 0.839 ± 0.065 mm (15) 

Tarsal nail 2 width base - 0.0388 ± 0.008 mm (15) 

Genital chamber length 1.993 ± 0.109 mm (19) - 

Genital chamber area  3.875 ± 0.291 mm2 (16) - 

Bursa copulatrix length 4.223 ± 0.145 mm (27) - 

Bursa copulatrix area 5.089 ± 0.357 mm2 (26) - 

Standard error of mean = SEM. 318 
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 319 

Figure 11. Relationships between body weight and tibial length on Cyclocephala barrerai. female body 320 
weight and A) middle-tibial length and B) hind-tibial length, male body weight and C) middle-tibial 321 
length and D) hind-tibial length. female = empty dots, male = solid dots. 322 

The forelegs have two nails which were named as tarsal nail 1 and tarsal nail 2 (Figure 323 

12 A). The tarsal nails of the forelegs in males are thicker than the other nails (Figure 12 324 

B). The underside of the tarsal nail 1 has an opening with channels and there is a protu- 325 

berance at the tip of the nail (Figure 12 C). Tarsal nail 2 is thinner than the first one and 326 

has no evident structures except from some light lines along the nail (Figure 12 D). 327 



Insects 2022, 13, x FOR PEER REVIEW 15 of 23 
 

 

 328 

Figure 12. Tarsal nail of the first pair of legs of Cyclocephala barrerai males A) general view of the 329 
tarsal nail composition, B) tarsal nail 1, C) close-up of tarsal nail 1, D) tarsal nail 2.TN1 = tarsal nail 330 
1, TN2 = tarsal nail 2, Op = opening, Ch = channel, Ti = tip. 331 

Cyclocephala barrerai male lab-reared weight and lamella length (R2 = 0.772, F = 60.842, 332 

df = 1, 19, p <0.001, Figure 13 A), lamella area (R2 = 0.512, F = 18.867, df = 1, 19, p <0.001, 333 

Figure 13 B) have a linear and positive relationship. Similar relationships occur among 334 

male weight and the width of the base of their tarsal nail 1 (R2 = 0.605, F = 21.472, df = 1, 335 

16, p <0.001, Figure 13 C) and tarsal 1 nail length (R2 = 0.432, F = 10.662, df = 1, 16, p <0.001, 336 

Figure 13 D). 337 

 338 

Figure 13. Relationships between body weight and different body parts on Cyclocephala barrerai 339 
males. Body weight and A) lamella length, B) lamella area, C) width of the base of tarsal nail 1 and, 340 
D) tarsal nail 1 length. 341 

rev
Przekreślenie

rev
Wstawiony tekst
claw



Insects 2022, 13, x FOR PEER REVIEW 16 of 23 
 

 

Cyclocephala barrerai female lab-reared body weight and genital chamber area (R2 = 342 

0.696, F = 32.05, df = 1, 15, p <0.001, Figure 14 A), bursa copulatrix length (R2 = 0.185, F = 343 

5.678, df = 1, 26, p = 0.025, Figure 14 B) lamella length (R2 = 0.615, F = 30.334, df = 1, 19, p 344 

<0.001, Figure 14 C), and lamella area (R2 = 0.474, F = 12.619, df = 1, 15, p = 0.003, Figure 14 345 

D) have a linear and positive relationship. 346 

 347 

Figure 14. Relationship between body weight and body parts on Cyclocephala barrerai females. Body 348 
weight and A) genital chamber area, b) bursa copulatrix length, C) lamella length and D) lamella area. 349 

There was no relationship between C. barrerai male lab-reared weight and the width 350 

of the base of tarsal nail 2 (R2 = 0.101, F = 1.456, df = 1, 15, p = 0.249) and tarsal nail 2 length 351 

(R2 = 0.167, F = 2.610, df = 1, 15, p = 0.130). No relationship was observed between lab- 352 

reared female weight and the bursa copulatrix area (R2 = 0.0702, F = 1.813, df = 1, 25, p = 353 

0.191) and the genital chamber length (R2 = 0.0546, F = 0.983, df = 1, 18, p = 0.335). 354 

3.3.2. Sexual dimorphism in lab-reared adults  355 

The weight from pupae that produced females did not statistically differed from that 356 

that produced males (t = 1.839, df = 57, p = 0.069). However, at emergence, adult females 357 

were heavier than adult males (t = 2.112, df = 57, p = 0.037, Figure 15 A). The lamella length 358 

of adult lab-reared males, (t = 20.796, df = 39, p <0.001, Figure 15 B) and the lamella area (t 359 

= 18.632, df = 34, p <0.001, Figure 15 C) were bigger than females. 360 
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 361 

Figure 15. Mean ± ESM of weight (A), lamella length (B) and lamella area (C) of lab-reared males 362 
and females of Cyclocephala barrerai adults. t-test, * = significance at 0.05. 363 

4. Discussion 364 

The male reproductive apparatus of C. barrerai presents a similar arrangement and 365 

organization of the Melolonthidae: testis, accessory glands, and vas efferens and vas deferens 366 

[9,11,14]. Like the six Cyclocephala species described by Martínez et al.  [11], the male re- 367 

productive apparatus lacks a glandular reservoir and seminal vesicles, but the ejaculator 368 

duct and ejaculatory bulb present well developed muscular fibers. The spermatophore is 369 

formed at the two lattes structures by fusing the sperm and the content of the accessory 370 

glands before it is transferred to the females [2]. 371 

The presence of a glandular reservoir and seminal vesicles is not common in Melol- 372 

onthidae, but their presence has been reported for C. zealandica [40], Hoplia spp. [14], and 373 

Macrodactylus mexicanus Burmeister [10]. Seminal vesicles are related to the life history of 374 

the species and are usually found in long-lived adults, these seminal vesicles store mature 375 

sperm when the mating season is interrupted [41–43], for example, M. mexicanus adults 376 

may live up to 3 months and can mate at different times [44]. 377 

Like other beetles, C. barrerai male gonads mature after emergence, adults do not feed 378 

and are sexually active. This situation also has been reported for Paraglenea fortunei Saun- 379 

ders (Cerambycidae) [45], Hylobius pales Herbst (Curculionidae), [46] and Oemona hirta 380 

Fabricius (Cerambycidae) [47]. 381 

Due to its taxonomic relevance, the parameres of Cyclocephala have been extensively 382 

described. Breeschoten et al. [48] analyzed and compared the parameres of 48 species 383 

identifying three different types: 1) symmetric, 2) minor asymmetry, and 3) asymmetric. 384 

The same author indicates that species subject to higher interspecific selection pressure, 385 

like sympatric species of the same genera, present asymmetric parameres. Males of C. bar- 386 

rerai, have a genital capsule type 1 formed for three plates with symmetric parameres, 387 

indicating that this attribute is not under interspecific selection pressure, as this specie is 388 

the only one populating the collecting area. 389 

The form and shape of the ultra-structures found at the phallobase are like the trich- 390 

oid sensilla and the ultra-structures described at the parameres of the basiconic ones; both 391 

sensilla have been reported at the antenna of the Melolonthidae [49,50]. Ultra-structures 392 

called pores have been reported in the genital capsule of species of the Chrysomelidae but 393 

no explanation of their diversity or function has been proposed so far [51–53]. 394 
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In agreement with Sanmartín & Martín-Piera [9] for species of the Pachydeminae 395 

subfamily, we hypothesized that the ultrastructure of the genital capsule of C. barrerai has 396 

a mechanoreception function like that performed by the ultrastructure of the genital cap- 397 

sule that facilitates the recognition and sexual coupling in Drosophila melanogaster Meigen 398 

[54]. This hypothesis also explains the function of the setae of the ventral genital plaques 399 

found on C. barrerai females as the genital plaques and the genital capsule have an active 400 

role during mating [13]. The parameters of the male provide support during mating and 401 

in conjunction with the female genital plaques facilitate the insertion of the penis and 402 

sperm transfer [55]. 403 

The reproductive apparatus of females of C. barrerai has the general arrangement of 404 

the Melolonthidae family [10,14–16]. The bursa copulatrix and the spermatheca connect to 405 

the genital chamber, storing and nourishing the sperm inside the female body until fecun- 406 

dation [12,56]. The genital chamber presents muscular fibers as mentioned for C. lunulata 407 

(Benítez-Herrera, unpublished data), but does not have pheromone glandular cells 408 

[10,15,49]. 409 

The female genital chamber presents muscular fibers and its static positive allometry 410 

indicates a female cryptic sexual selection process. This provides the female some control 411 

over sperm transfer to avoid mating to unfit individuals and to reduce the risk of hybrid- 412 

ization [23,57]. The ultrastructure of parameters is the result of the coevolution of the male 413 

and female genitalia [13,23,48,58]. 414 

The presence of microorganisms in the female genital chamber agrees with that re- 415 

ported by [35] that identified Klebsiella oxytoca and Citrobacter freundii in C. barrerai wild 416 

females. The presence of microorganisms in lab-reared females indicates that these might 417 

be transferred by the mother or acquired during the larval period and not transferred by 418 

the male during mating. The composition of the genital chamber and the presence of the 419 

microorganisms suggest that they are relevant during attractants production [35,57]. 420 

Cyclocephala barrerai and C. jalapensis, have accessory glands type II. These are highly 421 

sclerotized superimposed plaques [16] whose function is unknown. This contrasts with 422 

those observed in Phyllophaga [15], Macrodactylus [10], and C. zealandica [18], where the 423 

accessory glands type II is semi-sclerotized, and the cells form conducts to transport pher- 424 

omones. 425 

Cyclocephala barrerai female and male gonadic maturation initiate once the adults 426 

emerge from the pupae and when they are sexually mature, they reach the surface and 427 

search for females as reported by Yi-Zhen et al. [17] for Holotrichia titanis Reitter, Holotri- 428 

chia trichopora Fairmaire, and Anomala exoleta Faldermann. C. barrerai adults from the lab 429 

colony were not fed and their digestive system was filled with a dark liquid. Most Cole- 430 

optera adults depend (partially or completely) on food for gonadic maturation [8,59–61]. 431 

C. barrerai must obtain and store as larvae, all the nutrients needed for metamorphosis and 432 

gonadic maturation, explaining their voracious appetite as larvae [61]. 433 

There is a strong relationship between the hind-tibia and the body weight in C. bar- 434 

rerai, therefore the hind-tibia length can be used to assess the bodyweight [62]. Cycloceph- 435 

ala barrerai females are heavier than males, however in C. borealis is the other way around; 436 

males are heavier than females [28]. This could be related to the life history of each specie. 437 

In addition, males’ lamellas have a larger surface and are longer than those of females. 438 

According to the males’ drawings of the lamellas for Cyclocephala borealis Arrow by John- 439 

son [28] and for Cyclocephala signaticollis Burmeister by Carne [63] males are larger than 440 

those of females. Unfortunately, there is no quantitative information on lamella length 441 

and surface reported for any other Cyclocephala. 442 

In species where mate location relays on the prompt detection of pheromones, those 443 

individuals with larger, more, or more sensitive sensilla have a clear advantage over the 444 

rest of the sexually active population. The males of C. barrerai present a static positive 445 

allometry due to their strong relationship between antenna length and body size [64] in- 446 

dicating that this relationship is under a strong sexual selection process [23,65], therefore 447 

heavier males have an adaptative advantage over lighter males during mate location and 448 
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mating [66]. Mate location on Cyclocephala depends on the prompt detection of receptive 449 

females in the vicinity as a contest between males is rare [67–70]. C. barrerai adults are 450 

short-lived and do not feed, so gathering reserves as larvae and reproduction must be 451 

paramount. These compensatory strategies are common among the Coleoptera [22,71]. 452 
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