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Laboratory bioassays should be performed under appropriate conditions that minimize stress and pro-
mote greater longevity to tested animals. For social insects, for instance, the stress triggered by removal
individuals from nests may result in changes in their survival and behavior. Here we analyzed the effects
of variations of different combinations of temperature and substrate moisture (mL of water/g of nest
substrate) on group survival of Constrictotermes sp. (Termitidae: Nasutitermitinae). In general, lower
substrate moisture resulted in faster mortality. On the other hand, groups survival longer at a tempera-
ture of 26 °C and under higher substrate moisture (2-3 mL/7 g of nest substrate). The result of this study
may contribute to the establishment of bioassay protocols performed with Constrictotermes sp. in the

© 2019 Sociedade Brasileira de Entomologia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Most of social insects harbor their colonies in nests that present
controlled microclimate (e.g. temperature and humidity), which
favors the maintenance of survival and reproduction of individuals.
Different from the most terrestrial animals that exhibit adaptations
to minimize the body water loss, termites are generally very sus-
ceptible to desiccation due the low sclerotization of their cuticle
(Noirot and Darlington, 2000). In fact, these insects need environ-
mental conditions with high levels of humidity for their survival
and different strategies to circumvent environmental variations
can be observed in termites. Termite species that need to leave
the nest to search for food resources (“central-place foragers”),
for example, build tunnels/galleries to protect themselves or may
exhibit foraging habit at the night (Almeida et al., 2016). In spite of
such strategies, seasonal variations are known to directly interfere
termite forage rates (Igbal et al., 2015; Moura et al., 2006).

Behavioral and/or ecological studies often require the complete
removal of the nest or its parts to obtain individuals to be used
in laboratory bioassays. However, the removal of the individu-
als from their natural environment may already interfere in their
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behavior and survival (Lenz, 2009). Thus, laboratory bioassays
should be based on protocols that allow the maintenance of organ-
isms in conditions as close as possible to their natural environment,
so that to minimize stress and keep individuals alive as long as the
test requires (Carvalho et al., 2018). In addition, the maintenance
of more favorable conditions can also avoid behavioral changes,
which could reflect in patterns inconsistent with those observed in
natural situations.

Colonies of the genus Constrictotermes are common in Brazil-
ian savannah (“Cerrado”) and semi-arid environments (“Caatinga”)
(Mathews, 1977). The individuals of these species build epigeal
and/or arboreal nests and their foraging occurs at night through
columns in the open air. Individuals feed predominantly on debris
and lichens on the surface of tree barks (Moura et al., 2006;
Bourguignon et al., 2011). Colonies of Constrictotermes spp. can
house a range of termitophiles and obligatory inquiline species
(Inquilinitermes spp.) (Mathews, 1977; Cunha et al., 2003; Rosa
et al., 2018), and therefore were studied in the laboratory in order
to verify the mechanisms involved in the cohabitation of their nests
(e.g. Cristaldo et al., 2016; Cruz et al., 2018).

In the present study, we perform bioassays to analyze the
combinations of temperature and substrate moisture most ade-
quate for the survival of individuals of Constrictotermes sp. under
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Fig. 1. Survival of Constrictotermes sp. in different combinations of temperature and substrate moisture (mL of water/7 g of nest substrate). Different letters in each graphic

mean significant difference among treatments of humidity.

laboratory conditions. The study was carried out using six nests
that were totally removed from the field, in the municipality of
Sdo Cristévao (11'01°S, 37'12°W), Sergipe, Brazil. The bioassays
were conducted in Petri dishes (5.5 x 1.5cm) covered with 7 g of
the substrate from the central part of the nests (i.e. dark part with
high content of organic matter), that was previously sieved in
mesh (6 mm). Twenty individuals (16 workers and 4 soldiers) were
placed under the substrate of each Petri dish. During bioassays,
no food was offered to the individuals. The treatments consisted
of different combinations of temperature (24, 25, 26 and 27°C)
and substrate moisture (0.0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0mL of
distilled water/7 g of nest substrate) determined by a complete
factorial. The levels of substrate moisture were established with
the addition of different volumes of water in a piece of cotton
placed in the center of each Petri dish. The temperature was
regulated in biochemical oxygen incubator (BOD), kept in the
absence of light. For each combination of treatments (1 =28) three
repetition/nest (n=6) were performed, totaling 504 Petri dishes.
The observations consisted in quantifying the number of dead
individuals over time. Data were submitted to censored survival
analysis under Weibull distribution, in R software (R Development
Core Team, 2016). For each treatment, the mean time to death of
individuals from each nest was calculated. Then, these data (mean
time to death - “y axis”) were submitted to Deviance Analysis
(ANODEV) to determine the effect of combinations of temperature
x substrate moisture (“x axis”) on survival of Constrictotermes sp.
Our results showed that the mean time to death was
significantly affected by temperature and substrate moisture
(Fo,154=26.85, p<0.001) (Fig. 1). In general, the conditions of
lower substrate moisture (0.0-0.5mL of water/7 g of nest sub-
strate) resulted in faster mortality (885.83 +16.77 min). These
results corroborate with other studies that showed the impor-
tance of maintaining high humidity for termite survival (Gautam

and Henderson, 2011; Wiltz, 2012; Zukowski and Su, 2017). Here,
we observed that for Constrictotermes sp., the temperature of 26 °C
combined with higher substrate moisture (2-3 mL of water/7 g
of nest substrate) were the conditions that allowed greater sur-
vival of the individuals in the laboratory (8525.81 4+ 136.84 min [e.g.
5.92 +0.10 days]). In addition to interfering in the survival of indi-
viduals as observed here, other studies have already demonstrated
that variations in environmental conditions may also change
termite behavior, such as tunneling patterns (Arab and Costa-
Leonardo, 2005), feeding (Shelton et al., 2011) and intercolonial
aggressiveness (Cornelius and Osbrink, 2009).

In conclusion, here we highlight the importance of maintaining
adequate conditions for the survival of Constrictotermes sp. under
laboratory conditions. The result of this study may contribute to
the establishment of laboratory bioassay protocols.

Contributors

PFC and APAA conceived the research. DVF, JSC, JJMS and MLCR
collected the colonies in the field and performed the bioassays.
APAA performed the statistical analyses. DVF, PFC and APAA wrote
the manuscript. All authors approved the final version of this
manuscript.

Conflicts of interest
The authors declare no conflicts of interest.

Acknowledgments

We thank the Universidade Federal de Sergipe for providing
logistic support. This study was partially supported by CNPq and
CAPES.



D.V. Ferreira et al. / Revista Brasileira de Entomologia 63 (2019) 9-11 11

References

Almeida, C.S., Cristaldo, P.F., Florencio, D.F., Cruz, N.G., Santos, A.A., Oliveira,
AP, Santana, A.S. Ribeiro, EJ.M., Lima, A.P.S. Bacci, L., Aradjo, AP.A,
2016. Combined foraging strategies and soldier behaviour in Nasutitermes
aff. coxipoensis (Blattodea: Termitoidea: Termitidae). Behav. Process. 126,
76-81.

Arab, A., Costa-Leonardo, A.M., 2005. Effect of biotic and abiotic factors on the
tunneling behavior of Coptotermes gestroi and Heterotermes tenuis (Isoptera:
Rhinotermitidae). Behav. Process. 70, 32-40.

Bourguignon, T., Sobotnik, J., Lepoint, G., Martin, ].-M., Hardy, O.J., Dejean, A., Roisin,
Y., 2011. Feeding ecology and phylogenetic structure of a complex neotropical
termite assemblage, revealed by nitrogen stable isotope ratios. Ecol. Entomol.
36,261-269.

Carvalho, Y.C, Clemente, L.O., Guimardes, M.P., DeSouza, O., 2018. Suitable
light regimes for filming termites in laboratory bioassays. Sociobiology 65,
108-111.

Cornelius, M.L., Osbrink, W.L.A., 2009. Bioassay design and length of time in the
laboratory affect intercolonial interactions of the Formosan subterranean termite
(Isoptera, Rhinotermitidae). Insect. Soc. 56, 203-211.

Cristaldo, P.F., Rodrigues, V.B., Elliot, S.L., Aratjo, A.P.A., DeSouza, O., 2016. Het-
erospecific detection of host alarm cues by an inquiline termite species
(Blattodea: Isoptera: Termitidae). Anim. Behav. 120, 43-49.

Cruz, J.S., Cristaldo, P.F., Sacramento, ].].M., Cruz, M.L.R,, Ferreira, D.V., Aratjo, A.P.A.,
2018. Survivorship and walking behavior of Inquilinitermes microcerus (Ter-
mitidae: Termitinae) in contact with host workers and walls from host nest.
Sociobiology 65, 31-37.

Cunha, H.F., Costa, D.A., Espirito-Santo Filho, K., Silva, L.O., Brandao, D., do Espirito-
Santo Filho, K., 2003. Relationship between Constrictotermes cyphergaster and
inquiline termites in the Cerrado (Isoptera: Termitidae). Sociobiology 42,
761-770.

Gautam, B.K,, Henderson, G., 2011. Relative humidity preference and survival of
starved formosan subterranean termites (Isoptera: Rhinotermitidae) at var-
ious temperature and relative humidity conditions. Environ. Entomol. 40,
1232-1238.

Igbal, N., Saeed, S., Evans, T.A., Kwon, Y.J., 2015. Foraging activity and popula-
tion estimation of Microtermes mycophagus Desneux (Isoptera: Termitidae:
Macrotermitinae) in Multan, Punjab. Pakistan. Entomol. Res. 45, 51-57.

Lenz, M., 2009. Laboratory bioassays with subterranean termites (Isoptera) - the
importance of termite biology. Sociobiology 53, 573-595.

Mathews, A.G.A., 1977. Studies on Termites from the Mato Grosso State, Brazil.
Academia Brasileira de Ciéncias, Rio de Janeiro.

Moura, F.M.S., Vasconcellos, A., Aratjo, V.F.P., Bandeira, A.G., 2006. Seasonality in for-
aging behaviour of Constrictotermes cyphergaster (Termitidae Nasutitermitinae)
in the Caatinga of Northeastern Brazil. Insect. Soc. 53, 472-479.

Noirot, C., Darlington, J.P.E.C., 2000. Termites: evolution, sociality, symbioses ecol-
ogy. In: Abe, T., Bignell, D.E., Higashi, M. (Eds.), Termite Nests: Architecture,
Regulation and Defence (121-139). Kluwer Academic, Netherlands.

R Development Core Team, 2016. R: A Language and Environment for Statistical
Computing. The R Foundation for Statistical Computing, Vienna, Austria, ISBN
3-900051-07-0.

Rosa, C.S,, Cristaldo, P.F., Florencio, D.F., Marins, A., Lima, E.R., DeSouza, O., 2018. On
the chemical disguise of a physogastric termitophilous rove beetle. Sociobiology
65, 38-47.

Shelton, T.G., Grace, J.K., Woodrow, RJ., Oshiro, RJ., 2011. Response of subterranean
termites (Isoptera: Rhinotermitidae) to stressed nestmates. ]. Entomol. Sci. 46,
284-291.

Wiltz, B.A., 2012. Effect of temperature and humidity on survival of Coptotermes
formosanus and Reticulitermes flavipes (Isoptera: Rhinotermitidae). Sociobiology
59,381-394.

Zukowski, J., Su, N.-Y., 2017, Survival of termites (Isoptera) exposed to various levels
of relative humidity (RH) and water availability, and their RH preferences. Fla.
Entomol. 100, 532-538.


http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0005
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0010
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0015
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0020
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0025
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0030
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0035
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0040
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0045
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0050
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0055
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0060
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0065
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0070
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0075
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0080
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0100
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0090
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095
http://refhub.elsevier.com/S0085-5626(18)30176-6/sbref0095

	Effect of temperature and substrate moisture on group survival of Constrictotermes sp. (Isoptera: Termitidae) under labora...
	Contributors
	Conflicts of interest
	Acknowledgments
	References


