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Abstract

A termite colony is generally founded by a monogamous pair of alates during swarming. However, primary polygyny resulting
from pleometrotic associations has been recorded for some termites. These multiple queens may continue to be associated
during colony lifespan or be dissociated by conflicts that result in colony fragmentation or death of some reproductives. To
date, primary polygyny in the termite Cornitermes cumulans has occasionally been observed in the field but no records in
the literature are available. Due to its irregular incidence, this study aimed to investigate the proximate factors involved in
colony development and the rare occurrence of polygamous colonies of C. cumulans. Forty monogamous colonies and 20
polygamous colonies (10 polygynous colonies: two females and one male; 10 polyandrous colonies: one female and two
males) were set up in the laboratory. The initial development was followed for a period of 100 days, during which time
censuses of the colonies were performed. Polygynous colonies laid more eggs than monogamous ones, but not twice as
many, as expected, until day 60. Conversely, monogamous colonies produced more larvae than polygynous colonies until
the appearance of workers, when larvae started to molt to workers and decreased in number. Larvae were rarely observed
in polygynous colonies, which may be associated with cannibalism of these individuals by one of the two females. Due to
these factors, primary polygyny seems to be unlikely in C. cumulans during colony foundation, which is in accordance with
observations of natural colonies that mostly contain only a single queen.
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Introduction

The foundation of a new colony in termites generally occurs
with the mating of a pair of alates after a brief swarming
event (Nutting 1969). The future queen and king provide
all of the genetic contribution to colony members during
the initial development, resulting in high relatedness among
nestmates, following the concept of inclusive fitness by
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as pleometrotic colony foundation (Chiu et al. 2018; Costa-
Leonardo and Espirito-Santo-Filho 2004; Thorne 1982,
1984, 1985), by producing neotenics (Fougeyrollas et al.
2015; Fougeyrollas et al. 2017; Fournier et al. 2016; Haifig
et al. 2016; Luchetti et al. 2013; Matsuura et al. 2009; Vargo
et al. 2012), or by merging of different colonies (Grube and
Forschler 2004). These mechanisms may also include non-
regular colony foundation by individuals of the same sex,
as has been reported for some lower termites (Matsuura and
Nishida 2001; Matsuura et al. 2002, 2004; Mizumoto et al.
2016). However, the establishment of a new colony by a
single pair of reproductives, that is monogamy, seems to be
more likely in these insects (Nutting 1969).

Cornitermes cumulans (Kollar, 1832) is a mound-build-
ing termite species that occurs in Brazil, Paraguay and
Argentina. This termite is considered a key-stone species
in Brazilian Cerrado vegetation due to its large nests which
harbor several other species (Costa et al. 2009; Marins
et al. 2016; Redford 1984). Many studies involving this
species (see Fernandes et al. 1998; Pereira da Silva et al.
1979; Torales et al. 1999), and our own experience in col-
lecting nests and extracting their entire populations, have
never recorded the occurrence of more than a single pri-
mary queen. However, a voucher with more than one C.
cumulans primary queen is deposited in the collection at
the MZUSP—Museu de Zoologia da USP (EM Cancello,
personal communication) and two primary queens were col-
lected in a nest at Mato Grosso do Sul, Brazil (JT Lima,
personal communication).

Polyandry is not common in termites (Wu et al. 2013) and
considering the rare occurrence of imaginal polygyny in C.
cumulans, we analyzed the early development of colonies of
this termite in both monogamous and polygamous scenarios
aiming to understand the possibility of pleometrotic colony
foundation and the near absence of polygyny found in natu-
ral colonies. Though there is no evidence of polyandry in C.
cumulans, we tested both polygamous scenarios to under-
stand the dynamics of pairs of alates with one extra male or
one extra female. This test allowed us to determine whether
there were aggressive interactions among reproductives in
the polygamous associations. We hypothesized that multiple
reproductives would exhibit agonistic behavior against each
other and/or against non-related offspring, leading to the
survival of only a single pair of reproductives or to a slower
growth of the colony.

Materials and methods
Termite collection

Alates of Cornitermes cumulans (Isoptera: Termitidae:
Syntermitinae) were collected during swarming in the city
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of Rio Claro, Sdo Paulo, Brazil (22° 23" S, 47° 31’ W).
The termites were collected from three different swarming
sites, separated by a minimum distance of 30 m (sites A
and B) and a maximum distance of 2 km (sites A and C).
Following collection, the termites were all grouped in the
same vial to be sexed and paired.

Incipient colonies

Laboratory colonies of C. cumulans were initiated from
alates, which were sexed, de-alated and randomly paired.
The experimental arenas were composed of 9 cm diameter
Petri dishes filled with moistened aged Pinus sp. sawdust.
The couples were placed in a 3-cm diameter cleared space
in the center of each dish.

A total of 40 colonies were set up and maintained in a
dark room at 25 +2 °C. Water was added to the sawdust
when necessary to keep sufficient moisture throughout the
experiment. The colonies’ development was followed dur-
ing the first 100 days. The number of eggs, larvae, work-
ers and soldiers was determined every day during the first
20 days and at 8-day intervals from day 28 to 100. When
one of the reproductives died, the colony was removed
from the census from that interval forward.

Polygamy tests

Two different tests were performed to evaluate the toler-
ance of C. cumulans to polygyny and polyandry during a
colony’s initial development. Similar experimental arenas
as described for the incipient colonies were used. In test
1, two female alates were combined with one male, and
in test 2, two male alates were combined with one female.
Each test was replicated 10 times. These 20 polygamous
colonies were observed for the same periods as the incipi-
ent monogamous colonies, and the number of eggs, larvae,
workers and soldiers of each unit was recorded. In the
case of the death of any reproductive, we inspected it for
signs of aggression and removed the entire replicate from
our analysis. The individuals were checked for signals of
agonistic behavior, which was detected by the presence of
injuries to the head, abdomen, antennae and legs. We esti-
mated the intensity of aggression in one individual from
0 to 1: 0 equal to no aggression, 0.1 one injured antenna
(total 0.2), 0.1 one injured leg (total 0.6), 0.1 for injury
to the head, and 0.1 for injury to the abdomen, totaling 1
(considered full aggression). We also examined the same
number of dead individuals from monogamous incipient
colonies for statistical comparison.
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Data analysis

Differences in survival between the monogamous and polyg-
amous colonies were analyzed using the function survdiff
of the library survival in R. The level of agonistic behavior
based on the aggression rate was compared between polyga-
mous and monogamous colonies through statistical analysis
by the Wilcoxon rank-sum test.

The number of eggs laid by monogamous colonies during
days 3 to 44, right before larvae start hatching, was com-
pared to that laid by polygamous colonies using a multivari-
ate analysis of variance—MANOVA. We excluded days 1
and 2 because none of the colonies presented eggs at this
time. The number of laid eggs by monogamous colonies was
also hypothetically doubled to verify whether the polygy-
nous colonies with two females laid twice the number of
eggs laid by one female from monogamous colonies. These
data were also analyzed using MANOVA. We performed
MANOVA rather than repeated measures ANOVA because
data showed strong departure from sphericity (Mauchly’s
sphericity test: W< 0.0001; P <0.0001). The number of lar-
vae and workers was also compared between monogamous
and polygamous colonies using MANOVA. In all compari-
sons, a significance level of @ =0.05 was used. The analyses
were performed in the program R, version 4.1.1 (R Core
Team 2020).

Results
Incipient colonies

The successful establishment of incipient colonies occurred
in 36 out of the 40 (90%) monogamous pairings of alates.
From those 36 colonies, 28 survived for the entire experi-
mental period (100 days), with losses of two colonies each
at days 10 and 13, and one colony each at days 40, 62, 70
and 92.

Oviposition started on the 3rd day after the alates were
placed together in the experimental arenas (Fig. 1). On this
date, only three colonies initiated egg laying, but by day 7,
35 out of the 36 colonies produced eggs. The number of eggs
produced was 26.81 +2.37 (mean + se) on day 20 (Fig. 1),
and this number increased until day 40, with 35.94 +1.53
eggs per colony. Larvae were observed in some monoga-
mous colonies on day 44 (Fig. 2), and on day 52, larger
larvae probably of 2nd instar were observed. The number
of larvae increased continuously until day 68, when the lar-
vae started molting to workers. The workers were observed
in the first colonies on day 68 of development, and were
characterized by sclerotized mandibles and the presence of
food in their gut, which was seen through the translucent
abdominal cuticle. This differentiation was conspicuous and
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Fig.2 Appearance of larvae and workers in monogamous and polyg-
ynous colonies of Cornitermes cumulans. Mean (+ SE)

the color of their abdomen changed from whitish in larvae to
dark brown and gray in workers. As expected, the number of
workers increased as the number of larvae decreased, espe-
cially after day 76 (Fig. 2). Workers carrying and grooming
the eggs were observed on day 84.

The first pre-soldiers appeared concomitantly with work-
ers on day 76 of development, in two colonies, one in each.
One of the pre-soldiers differentiated to soldier after 16 days,
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on day 92, and this soldier was removed from the colony
to confirm the taxonomic identification of the species. The
same procedure was performed with all soldiers available at
the end of the experiment (n=35).

Polygamous tests

We observed dramatic differences compared to the monoga-
mous colonies on the first day. One or both males died in
nine out of 10 polyandrous colonies, leaving only one col-
ony with both males alive. One of the colonies that became
monogamous with a surviving male—female pair remained
alive during the 100 day period. Five out of ten polygynous
groupings failed to establish polygamous colonies because
three lost one of the females and two lost the male, though
one surviving male—female pair was able to establish a
monogamous colony. The other five polygynous colonies
retained all three reproductives during the entire 100-day
period. Within the first month, at day 20, both males of the
single polyandrous colony that remained alive died. Overall,
the polygamous colonies experienced a higher mortality of
the reproductives during the first days when compared to
monogamous colonies (y>=16.3; df=1, P <0.0001). Only
the data of the five polygynous colonies were used for com-
parison with the monogamous colonies.

The agonistic interactions were high among the repro-
ductives, and the intensity of aggression was higher in
polygamous colonies (W=26; P <0.0001), in which males
(n=13) exhibited more injuries than females (n=3). The
most affected structures were the legs of the opponents, rep-
resenting approximately 71% of the attacks, followed by 23%
in the antennae and 6% in the abdomen. There were no signs
of aggression on the head including the mandibles, maxillae,
palps and their segments.

During the first 44 days of development, the number of
eggs laid by the two queens increased at each count. The
number of eggs was greater than that laid by monoga-
mous colonies within this period (F=27.11, df=14, 21,
P <0.0001), but never reached twice as many as the monog-
amous colonies in the same period (F=15.233, df=14, 21,
P <0.0001), as expected for the presence of two egg-laying
queens. After the larvae appeared in these polygynous colo-
nies, the number of eggs oscillated, decreasing from day 44
until day 60, then increasing at day 68, decreasing again and
finally increasing until day 100 (Fig. 1).

The number of larvae also varied, increasing in the begin-
ning, from the 44th day until the 76th day, but then decreas-
ing without the appearance of workers. Only one worker
appeared on the 76th day of development, two workers on
the 84th day, three on the 92nd day, and again only two
workers were observed on the 100th day (Fig. 2). The num-
ber of larvae was significantly higher (F=3.5932, df=3, 30,
P =0.0249) in monogamous colonies on days 84, 92 and 100
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when compared to the polygynous colonies. No significant
differences were observed comparing the number of work-
ers of monogamous and polygamous colonies (F=0.5863;
df=5,29; P=0.7102) (Fig. 2).

Discussion

The incipient colonies of C. cumulans started laying eggs
by the third day after alate pairing. This is similar to other
Termitidae species which laid eggs at faster and higher
rates than non-Termitidae species that may take several
days to lay few eggs (Nutting 1969). This was also observed
in Trinervitermes trinervoides and some species of the
genus Macrotermes, which started oviposition within the
first week after pairing (Adam and Mitchell 2009; Mitch-
ell 2020; Okot-Kotber 1981). The early oviposition in this
group allows rapid production of a workforce, thus serving
to reduce the dependence on the alate energy reserves to
fuel colony development (Adam and Mitchell 2009). The
C. cumulans colonies also showed a decrease in the number
of eggs around day 44 to 52. During this period, larvae start
hatching from the eggs, which were not replaced in number,
suggesting that the queen stopped ovipositing. Torales et al.
(1999) observed eggs in 70% of the nests and immatures
in different stages of development during the entire year,
suggesting that oviposition is continuous throughout the
year in this species, but they analyzed mature colonies. Our
results indicate that the C. cumulans queen might interrupt
egg laying around 45 days after colony establishment, when
the incipient colony still lacks a workforce. In addition, egg
laying activity does not seem to resume until day 100. Inter-
ruption of egg laying was also observed in some termites,
especially in non-Termitidae species (Nutting 1969).

Our results showed that when two queens were associ-
ated in the polygynous test the total number of eggs was
greater than in monogamous colonies, although the number
of eggs laid per queen was smaller than in monogamous
colonies during the first 60 days. This was also the case
for Macrotermes michaelseni, in which the number of eggs
laid per queen was smaller in polygynous colonies than in
monogamous colonies (Kaib et al. 2001). More eggs may
result in a larger worker force that will help with colony
success, as has been seen in hymenopterans (Bartz and
Holldobler 1982) and this was expected for the polygynous
colonies in our study. However, after hatching started, we
observed the number of larvae decreased without the con-
comitant appearance of workers in the polygynous colonies,
which resulted in a significantly higher number of larvae in
monogamous colonies. Although we did not observe can-
nibalistic behavior during our evaluations, we only briefly
inspected the colonies for censuses and the disappearance
of larvae suggests that cannibalism may have occurred in
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the polygynous colonies. This scenario would explain the
slower growth observed for polygynous colonies compared
to monogamous ones and when compared to double values
of monogamous colonies.

The high mortality of one or more reproductives when
placed in polygamous conditions indicates that C. cumulans
is a species that presents little tolerance to polygamy. This is
also evident in nature, when we collect mature colonies of
this species and census the population. Although multiple
queens have been observed in other species of Cornitermes,
e.g., C. snyderi (Fernandes et al. 1998), the records for this
occurrence in C. cumulans are very rare and no empiri-
cal study has been conducted to analyze this frequency in
nature. Furthermore, similar results were found in Nasuti-
termes corniger, where reproductives were more likely to die
in colonies founded by pleometrosis than in those founded
by monogamous pairs (Hartke and Rosengaus 2013).

Nalepa and Jones (1991) suggested that monogamy in
termites might be related to ecological constraints, such as
low-quality food and high costs of searching for a mate. In
addition, in the case of two or more same sex alates ini-
tiating a new colony, there would be competition among
them, which probably leads to intraspecific agonism and
only one male and one female survives. According to Chiu
et al. (2018), pleometrosis in Odontotermes formosanus is
beneficial during colony founding, due to increased nest
excavation and rapid colony growth. However, there are
risks associated with higher density of individuals, such
as space limitations, disease transmission and intraspecific
aggression. In the present study, agonistic interactions were
predominantly observed between males of C. cumulans in
the polyandrous colonies that resulted in the death of all
units, indicating that the presence of one extra male is not
tolerated. Polyandry is indeed rare in termites, hitherto it has
only been described in one non-Termitidae species (Wu et al.
2013). Agonistic interactions were also observed between
females, which caused the mortality of half of the experi-
mental polygynous colonies. Conflicts resulting in mutila-
tions of the queens were observed in polygynous colonies of
the termite M. michaelseni (Brandl et al. 2001). Hartke and
Rosengaus (2013) also documented that pleometrotic colony
foundation was unfavorable when compared with monoga-
mous foundation in N. corniger due to higher colony mor-
tality. Therefore, the low survival of the group along with
low colony growth suggests that pleometrosis is not a viable
strategy for colony foundation in C. cumulans.

In conclusion, our results indicate that during the initial
development of monogamous colonies in C. cumulans, there
was an interruption in the production of eggs after around
45 days following colony establishment, concomitant with
the hatching of larvae, which increase in size and become
workers after some weeks. In polygynous groups, the col-
onies produce significantly more eggs than monogamous

colonies, but less than their expected potential. The two
females do not produce twice as many eggs until day 60.
Larvae appeared at the same time in the polygynous colo-
nies, but a decrease in the number of larvae, which did not
molt to workers, was observed through time. Cannibalism
may be a reasonable explanation for those observations. In
summary, our results indicate that overall colony growth is
lower and relatively rare in polygamous groups, which con-
firms the rare polygyny records for C. cumulans observed in
natural colonies. Further studies may analyze natural popula-
tions and their reproductive strategies concerning the num-
ber of reproductive individuals within colonies to support
our findings.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00040-022-00852-w.

Acknowledgements The authors thank Dr. CRR Camargo-Dietrich
for technical assistance. This research was authorized under license
number 76538-1 SISBIO/ICMBio/MMA Brazil.

Author contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were
performed by LHBDS, CJ and IH. The first draft of the manuscript
was written by IH and all authors commented on previous versions of
the manuscript. All authors read and approved the final manuscript.

Funding This study was supported by CNPq—Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico (Proc. No. 305539/2014-
0) through a research grant to A.M. Costa-Leonardo, by CAPES—
Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior (Proc.
No. 88887.488784/2020-00) through a scholarship granted to L.H.B.
Da Silva and by FAPESP—Fundagéo de Amparo a Pesquisa do Estado
de Sdo Paulo (Proc. No. 2020/08121-5) through a research grant to I.
Haifig.

Declarations

Conflict of interest The authors declare that they have no conflicts of
interest.

Availability of data and material The data that support the findings of
this study are available in the supplementary material.

Code availability Not applicable.

References

Adam RA, Mitchell JD (2009) Energetics and development of incipi-
ent colonies of the harvester termite, Trinervitermes trinervoides
(Sjostedt) (Termitidae, Nasutitermitinae). Insectes Soc 56:21-27.
https://doi.org/10.1007/s00040-008-1032-3

Bartz SH, Holldobler B (1982) Colony founding in Myrmecocystus
mimicus Wheeler (Hymenoptera: Formicidae) and the evolution of
foundress associations. Behav Ecol Sociobiol 10:137-147. https://
doi.org/10.1007/BF00300174

@ Springer


https://doi.org/10.1007/s00040-022-00852-w
https://doi.org/10.1007/s00040-008-1032-3
https://doi.org/10.1007/BF00300174
https://doi.org/10.1007/BF00300174

104

L. H.B. DaSilva et al.

Brandl R, Hacker M, Bagine RKN, Kaib M (2001) Geographic varia-
tion of polygyny in the termite Macrotermes michaelseni (Sjostedt).
Insectes Soc 48:134-137. https://doi.org/10.1007/PLO0001755

Chiu C-I, Neoh K-B, Li H-F (2018) Colony-founding success of pleomet-
rosis in a fungus-growing termite Odontotermes formosanus. Behav
Ecol Sociobiol 72:13. https://doi.org/10.1007/s00265-017-2429-7

Costa DA, Assis De Carvalho R, De Lima Filho GF, Brandao D (2009)
Inquilines and invertebrate fauna associated with termite nests of
Cornitermes cumulans (Isoptera, Termitidae) in the Emas National
Park, Mineiros, Goiés, Brazil. Sociobiology 53:443-454

Costa-Leonardo AM, Do Espirito Santo Filho K (2004) Occurrence of
polygyny in Procornitermes araujoi (Termitidae, Nasutitermitinae).
Sociobiology 44:607-613

Darlington JPEC (1988) Multiple reproductives in nests of Macrotermes
herus (Isoptera: Termitidae). Sociobiology 14:347-351

Fernandes PM, Czepak C, Veloso RSV (1998) Cupins de monticulos em
pastagens: prejuizo real ou praga estética? In: Fontes L, Berti-Filho
E (eds) Cupins: O desafio do conhecimento. Fealq, Piracicaba

Fougeyrollas R, DolejSova K, Sillam-Dussés D et al (2015) Asexual
queen succession in the higher termite Embiratermes neotenicus.
Proc R Soc B Biol Sci 282:20150260. https://doi.org/10.1098/rspb.
2015.0260

Fougeyrollas R, Kfivanek J, Roy V et al (2017) Asexual queen succession
mediates an accelerated colony life cycle in the termite Silvestrit-
ermes minutus. Mol Ecol 26:3295-3308. https://doi.org/10.1111/
mec.14095

Fournier D, Hellemans S, Hanus R, Roisin Y (2016) Facultative asexual
reproduction and genetic diversity of populations in the humivorous
termite Cavitermes tuberosus. Proc R Soc B Biol Sci 283:20160196.
https://doi.org/10.1098/rspb.2016.0196

Grube S, Forschler BT (2004) Census of monogyne and polygyne labora-
tory colonies illuminates dynamics of population growth in Reficu-
litermes flavipes (Isoptera: Rhinotermitidae). Ann Entomol Soc Am
97:466-475

Haifig I, Vargo EL, Labadie P, Costa-Leonardo AM (2016) Unrelated
secondary reproductives in the neotropical termite Silvestritermes
euamignathus (Isoptera: Termitidae). Sci Nat 103:1-8. https://doi.
org/10.1007/s00114-015-1325-0

Hamilton WD (1964) The genetical evolution of social behaviour. J Theor
Biol 7:1-14. https://doi.org/10.1016/0022-5193(64)90039-6

Hamilton WD (1972) Altruism and related phenomena, mainly in social
insects. Annu Rev Ecol Syst 3:193-232. https://doi.org/10.1146/
annurev.es.03.110172.001205

Hartke TR, Rosengaus RB (2013) Costs of pleometrosis in a polygamous
termite. Proc R Soc B Biol Sci 280:20122563. https://doi.org/10.
1098/rspb.2012.2563

Kaib M, Hacker M, Brandl R (2001) Egg-laying in monogynous and
polygynous colonies of the termite Macrotermes michaelseni (Isop-
tera, Macrotermitidae). Insectes Soc 48:231-237. https://doi.org/10.
1007/PL00001771

Luchetti A, Velona A, Mueller M, Mantovani B (2013) Breeding systems
and reproductive strategies in Italian Reticulitermes colonies (Isop-
tera: Rhinotermitidae). Insectes Soc 60:203-211. https://doi.org/10.
1007/s00040-013-0284-8

Marins A, Costa D, Russo L et al (2016) Termite cohabitation: the rela-
tive effect of biotic and abiotic factors on mound biodiversity. Ecol
Entomol 41:532-541. https://doi.org/10.1111/een.12323

Matsuura K, Nishida T (2001) Comparison of colony foundation suc-
cess between sexual pairs and female asexual units in the termite
Reticulitermes speratus (Isoptera: Rhinotermitidae). Popul Ecol
43:119-124. https://doi.org/10.1007/PL00012022

Matsuura K, Fujimoto M, Goka K, Nishida T (2002) Cooperative colony
foundation by termite female pairs: Altruism for survivorship in
incipient colonies. Anim Behav 64:167-173. https://doi.org/10.
1006/anbe.2002.3062

Matsuura K, Fujimoto M, Goka K (2004) Sexual and asexual colony
foundation and the mechanism of facultative parthenogenesis in the

@ Springer

termite Reticulitermes speratus (Isoptera, Rhinotermitidae). Insectes
Soc 51:325-332. https://doi.org/10.1007/s00040-004-0746-0

Matsuura K, Vargo EL, Kawatsu K et al (2009) Queen succession through
asexual reproduction in termites. Science 323:1687. https://doi.org/
10.1126/science.1169702

Mitchell JID (2020) Colony Foundation and the development of incipient
laboratory colonies of Macrotermes natalensis (Haviland) (Termiti-
dae: Macrotermitinae). African Entomol 28:215-224. https://doi.
org/10.4001/003.028.0215

Mizumoto N, Yashiro T, Matsuura K (2016) Male same-sex pairing as an
adaptive strategy for future reproduction in termites. Anim Behav
119:179-187. https://doi.org/10.1016/j.anbehav.2016.07.007

Nalepa CA, Jones SC (1991) Evolution of monogamy in termites. Biol
Rev 66:83-97. https://doi.org/10.1111/j.1469-185X.1991.tb01136.x

Nutting WL (1969) Flight and colony foundation. In: Weesner F,
Krishna K (eds) Biology of termites. Academic Press, New York,
pp 233-282

Okot-Kotber BM (1981) Polymorphism and the development of the first
progeny in incipient colonies of Macrotermes michaelseni (Isoptera,
Macrotermitinae). Int J Trop Insect Sci 1:147—-150. https://doi.org/
10.1017/8174275840000031x

Pereira da Silva V, Forti LC, Ishikawa R, Barros MF (1979) Dinamica
populacional de Cornitermes cumulans (Kollar, 1832) (Isoptera,
Termitidae) na regido de Botucatu, SP. In: Jornada Cientifica
da Associagdo dos Docentes do Campus de Botucatu. UNESP,
Botucatu

R Core Team (2020) R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org/. Accessed 21 Jan 2021

Redford KH (1984) The Termitaria of Cornitermes cumulans (Isoptera,
Termitidae) and their role in determining a potential keystone spe-
cies. Biotropica 16:112-119

Roisin Y (1993) Selective pressures on pleometrosis and secondary
polygyny: a comparison of termites and ants. In: Keller L (ed) Queen
number and sociality in insects. Oxford University Press, New York,
pp 402421

Roisin Y, Pasteels JM (1985) Imaginal polymorphism and polygyny in
the Neo-Guinean termite Nasutitermes princeps (Desneux). Insectes
Soc 32:140-157. https://doi.org/10.1007/BF02224229

Thorne BL (1982) Polygyny in termites: multiple primary queens in colo-
nies of Nasutitermes corniger (Motschuls) (Isoptera: Termitidae).
Insectes Soc 29:102—-117. https://doi.org/10.1007/BF02224531

Thorne BL (1984) Polygyny in the Neotropical termite Nasutitermes
corniger: life history consequences of queen mutualism. Behav
Ecol Sociobiol 14:117-136. https://doi.org/10.1007/BF00291903

Thorne BL (1985) Termite polygyny: the ecological dynamics of queen
mutualism. In: Holldobler B, Lindauer M (eds) Experimental behav-
ioral ecology and sociobiology. Gustav Fischer Verlag, Stuttgart,
pp 325-341

Torales G, Laffont E, Arbino M, Coronel J (1999) Composicion de
colonias de Cornitermes cumulans (Isoptera: Termitidae: Nasuti-
termitinae) en diferentes épocas del afio. Rev la Soc Entomol Arg
58:189-196

Vargo EL, Labadie PE, Matsuura K (2012) Asexual queen succession
in the subterranean termite Reticulitermes virginicus. Proc R Soc
B Biol Sci 279:813-819. https://doi.org/10.1098/rspb.2011.1030

Wu J, Su X, Kong X et al (2013) Multiple male and female reproductive
strategies and the presence of a polyandric mating system in the
termite Reticulitermes labralis (Isoptera:Rhinotermitidae). Socio-
biology 60:459—465. https://doi.org/10.13102/sociobiology.v60i4.
459-465


https://doi.org/10.1007/PL00001755
https://doi.org/10.1007/s00265-017-2429-7
https://doi.org/10.1098/rspb.2015.0260
https://doi.org/10.1098/rspb.2015.0260
https://doi.org/10.1111/mec.14095
https://doi.org/10.1111/mec.14095
https://doi.org/10.1098/rspb.2016.0196
https://doi.org/10.1007/s00114-015-1325-0
https://doi.org/10.1007/s00114-015-1325-0
https://doi.org/10.1016/0022-5193(64)90039-6
https://doi.org/10.1146/annurev.es.03.110172.001205
https://doi.org/10.1146/annurev.es.03.110172.001205
https://doi.org/10.1098/rspb.2012.2563
https://doi.org/10.1098/rspb.2012.2563
https://doi.org/10.1007/PL00001771
https://doi.org/10.1007/PL00001771
https://doi.org/10.1007/s00040-013-0284-8
https://doi.org/10.1007/s00040-013-0284-8
https://doi.org/10.1111/een.12323
https://doi.org/10.1007/PL00012022
https://doi.org/10.1006/anbe.2002.3062
https://doi.org/10.1006/anbe.2002.3062
https://doi.org/10.1007/s00040-004-0746-0
https://doi.org/10.1126/science.1169702
https://doi.org/10.1126/science.1169702
https://doi.org/10.4001/003.028.0215
https://doi.org/10.4001/003.028.0215
https://doi.org/10.1016/j.anbehav.2016.07.007
https://doi.org/10.1111/j.1469-185X.1991.tb01136.x
https://doi.org/10.1017/s174275840000031x
https://doi.org/10.1017/s174275840000031x
https://www.R-project.org/
https://doi.org/10.1007/BF02224229
https://doi.org/10.1007/BF02224531
https://doi.org/10.1007/BF00291903
https://doi.org/10.1098/rspb.2011.1030
https://doi.org/10.13102/sociobiology.v60i4.459-465
https://doi.org/10.13102/sociobiology.v60i4.459-465

	Incipient colonies of the neotropical termite Cornitermes cumulans (Isoptera: Termitidae): comparing monogamy and polygamy as reproductive strategies
	Abstract
	Introduction
	Materials and methods
	Termite collection
	Incipient colonies
	Polygamy tests
	Data analysis

	Results
	Incipient colonies
	Polygamous tests

	Discussion
	Acknowledgements 
	References




