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The study of physiology allows biologists to understand how organisms

maintain homeostasis by dissecting the inner workings of cells, tissues, and

organs. Therefore, by definition, physiology occurs at the interface of the

organismand its ever-changingenvironment.However, thefieldofphysiology

hasbeenviewedby some tobe fading into thepast, as themolecular revolution

has progressed into the genomic era [1]. As a case in point, the heyday of insect

physiology can be said to have occurred during the early and mid-20th

centuries, during which time this field provided unprecedented insights into

insect biology, pest control, and evolution [2,3]. Application of insect physiol-

ogy to the study of social insects was equally fruitful, leading to impressive

progress inourunderstandingofbasicphysiologicalprocessesunderlyingcaste

differences, division of labor, chemical communication, energetics, and pro-

viding insights into the mechanisms behind social evolution [4].

For example, studies on juvenile hormone provided key insights into queen-

worker caste determination in bees and ants, worker behavioral division of

labor in honey bees, and soldier differentiation in termites [5]. Studies on

electrophysiology elucidated the complex sensory systems of social insects

and their chemical world [6]. Studies on metabolics and energetics of flight

provided important insights into how social insects forage, allocate energy,

and maximize colony efficiency [7]. Thus, physiological studies truly led the

way and revolutionized our 20th century understanding of how social insects

function and the mechanistic underpinnings of the evolution of sociality. At

the same time, research on ecological factors influencing the formation,

stability, and organization of insect colonies has progressed steadily, leading

to an increasing appreciation of the importance of ecological interactions in

the maintenance and evolution of insect colonies [8,9].

Now, with the rise of molecular genetics in the latter part of the 20th

century, and the strong emphasis on genomics in the 21st century, physio-

logical studies have increasingly taken a ‘back seat’ to new technologies.

Although some physiological studies continued throughout this period, the

proportion of studies using physiological approaches declined, while those

using emerging techniques in genomics and molecular biology increased.

Without a doubt, these modern molecular approaches led to many new

insights into social insect biology, including a better understanding of the

molecular mechanisms of numerous social traits, including foraging and

caste differentiation [10,12]. Genomics also contributed to important

insights into molecular mechanisms of social evolution, such as novel genes,

gene co-option, and shared genetic toolkits for sociality [9]. However, many

of these studies focus only on the subcellular level, without a strong
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integration of organismal level information or perspec-

tives. In addition, because no social insects have had the

depth of genetic study as more developed model organ-

isms, likeDrosophila, gene function is usually unknown or

inferred based on homology with other species. There-

fore, the vast majority of molecular genetic and/or geno-

mic studies provide little functional information about the

actual roles of genes in the organism being studied.

Although in practice many researchers have used molec-

ular genetic and genomic data to ‘replace’ physiological

level studies, in reality, these studies are rarely able to

generate the functional explanations garnered from phys-

iological studies. Therefore, the deepest insights into the

mechanisms regulating social insect phenotypes can only

be provided with a pairing of genetic/genomic and phys-

iological-level studies. Further, by incorporating physio-

logical experiments into genomic studies, researchers are

better able to link modern datasets with the wealth of

physiological data generated during the heyday of insect

physiology.

With these thoughts in mind, the goal of this issue is to

highlight a growing number of studies, especially in

recent years, which have very intentionally integrated

physiological information in an attempt to gain multi-

level insights into social insect biology. In this issue of

Current Opinion in Insect Science, we feature a diverse

variety of interdisciplinary research approaches and ideas,

all of which integrate different aspects of social insect

physiology, including energetics, immunity, stress

responses, neuroanatomy, and endocrine and exocrine

systems. These studies showcase that physiological infor-

mation continues to be just as relevant, if not more so, to

understanding social insect biology. We suggest these

studies represent the seeds of a re-invigoration of research

in social insect physiology that is resulting from the

integration of physiology with many other perspectives,

including microbiological, genomic, neurobiological,

chemical, and evolutionary.

In this issue, Korb and Belles use a comparative perspec-

tive that integrates physiology, molecular biology, and

evolutionary biology to synthesize long-known informa-

tion about the role of juvenile hormone in cockroach

development, proposing a new way forward for under-

standing caste evolution in termites. In articles by both

Woodard and Baudier and O’Donnell, the authors use

physiological information about nutrition and tempera-

ture tolerance to provide new outlooks on social insect

conservation, population declines, and responses to global

change. At the interface of ecology and microbiology are

studies of how microbes shape insect social interactions,

their evolution (Biedermann and Rohlfs), and immune

system function (Anderson and Ricigliano). In another

fruitful intersection, neuroanatomy meets ecology to

improve the understanding of factors that constrain and

drive social wasp brain evolution and behavior

(O’Donnell and Bulova). Smith and Liebig present a

new synthesis on the evolution of fertility signaling, a

key component of the chemical ecology of social insects.

Finally, Kapheim uses a highly integrative approach,

tying together ecological, genomic, and physiological

studies to provide new insights and hypotheses for under-

standing insect social evolution.

Moving forward, we hope that this issue can help re-ignite

interest in generating new physiological data while, at the

same time, encouraging social insect researchers to con-

sider ‘old’ (premolecular) literature on mechanisms of

insect behavior. Ignoring physiology, particularly with an

overly reductionist molecular approach, can miss out on

important organismal insights. On the flip side, ignoring

physiology while conducting more top-down ecological

studies can miss opportunities to understand underlying

mechanisms and physiological factors that constrain

organismal responses to the environment. We posit that

the ultimate goal of a deeper understanding of social

insect biology is best achieved by integrating multiple

levels of analysis, including molecular and ecological,

with physiology [1]; In summary, the reintegration of

physiology into multilevel studies of social insect biology

continues to be an important component of a systems

understanding of social insect colony organization and

evolution.

References

1. Strange K: The end of “naı̈ve reductionism”: rise of systems
biology or renaissance of physiology? Am J Physiol Cell Physiol
2005, 288:C968-C974.

2. Wigglesworth VB: Insect Physiology. New York: John Wiley and
Sons, Inc.; 1966.

3. Chapman RF: The Insects: Structure and Function. Cambridge
University Press; 1998.

4. Robinson GE:Regulation of division of labor in insect societies.
Annu Rev Entomol 1992, 37:637-665.

5. Hartfelder K: Insect juvenile hormone: from “status quo” to
high society. Braz J Med Biol Res 2000, 33:157-177.

6. Gerd B, Menzel R: Chemical codes for the control of behaviour
in arthropods. Nature 1989, 337:33-39.

7. Harrison JF, Roberts SP: Flight respiration and energetics.Annu
Rev Physiol 2000, 62:179-205.

8. Traniello JFA, Rosengaus RB: Ecology, evolution and division of
labour in social insects. Anim Behav 1997, 53:209-213.

9. Toth AL, Rehan SM: Molecular evolution of insect sociality: an
eco-evo-devo perspective. Annu Rev Entomol 2017, 62:419-442.

10. Smith CR, Toth AL, Suarez AV, Robinson GE: Genetic and
genomic analyses of the division of labour in insect societies.
Nat Rev Genet 2008, 9:735-748.

11. Dolezal AG, Toth AL: Honey bee sociogenomics: a genome-
scale perspective on bee social behavior and health.
Apidologie 2014, 45:375-395.

[12]. Robinson GE, Grozinger CM, Whitfield CW: Sociogenomics:
social life in molecular terms. Nature reviews. Genetics 2005, 6
(4):257.

Editorial overview Toth and Dolezal ix

www.sciencedirect.com Current Opinion in Insect Science 2017, 22:viii–ix

http://dx.doi.org/10.1016/j.cois.2017.06.002
http://dx.doi.org/10.1016/j.cois.2017.06.001
http://dx.doi.org/10.1016/j.cois.2017.06.004
http://dx.doi.org/10.1016/j.cois.2017.06.003
http://dx.doi.org/10.1016/j.cois.2017.05.020
http://dx.doi.org/10.1016/j.cois.2017.05.014
http://dx.doi.org/10.1016/j.cois.2017.05.017
http://dx.doi.org/10.1016/j.cois.2017.05.018
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0005
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0005
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0005
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0010
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0010
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0015
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0015
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0020
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0020
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0025
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0025
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0030
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0030
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0035
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0035
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0040
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0040
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0045
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0045
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0050
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0050
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0050
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0055
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0055
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0055
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0060
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0060
http://refhub.elsevier.com/S2214-5745(17)30136-0/sbref0060

	Editorial overview: Social insects: Integrative approaches to understanding insect sociality: why physiology is still highly relevant

