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(Fig. 4A). A coronal section of the same region shows the pharynx with
a fully expanded lumen, and with ~seven constrictor muscles (Fig. 4B,
C). The number of pharyngeal dilator muscles is also at least seven,
since the dilator muscles alternate in spaces between the constrictor
muscles.

4. Discussion

In this study the feeding behaviors and biomechanics of fluid in-
gestion were described for Varroa mites on honey bee host pupae.
Analyses of EPG recordings of behaviors together with histological
examination of internal food ingestion apparatus reported here provide

Fig. 2. Regression analyses of (log10-transformed) data extracted from EPG recordings for presumed suction feeding (ingestion) of Varroa mites on honey bee pupae.
(A) Plot of pharyngeal pump waveform repetition rate against duration of feeding events. (B) Plot of duration of feeding events against time between consecutive
feeding events. In both A and B, circles=mite 1, diamonds=mite 2, squares=mite 3.

Fig. 3. Microscopic FITC-labeled fluorescent beads
are transferred from pupae to Varroa confirming
feeding by female Varroa mites. (A) Uninjected con-
trol pupa. (B) injected experimental pupa, with an
arrow indicating the injection site in the abdomen
containing a high concentration of fluorescent mi-
crobeads. (C) Mite that fed on uninjected control
pupa, showing only faint background auto-
fluorescence. (D) Mite that fed the pupa injected with
fluorescent microscopic beads, showing aggregations
of microbeads concentrated within the mite’s caeca
(dashed lines).
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a more robust understanding of Varroa mite feeding than previous
studies. An early videographic study of Varroa mite feeding on honey
bee pupae in the laboratory reported feeding events ranging in duration
from 0.81 to 1.49 h (Donze and Guerin, 1994). A subsequent video-
graphic study of Varroa mites with pupa hosts housed in artificial,
transparent polystyrol brood cells located inside honey bee colonies
reported feeding events lasting between 8.7 ± 8.4 (s.e.m) and
6.2 ± 4.0min per hour, depending on developmental stage of host
brood, giving a total feeding time between 200.5 ± 171.9 and
149.1 ± 96.0 min per day (Calderón et al., 2009). A preliminary ana-
lysis of Varroa mite feeding using an early version of the EPG system
(Qin et al., 2006) reported a mean feeding duration per mite of
0.35 ± 0.12 h. The durations of feeding events from these studies
correspond to feeding bout durations reported from our study; mean
bout durations ranged between ~13min to over 30min (mean of
~10min), and the longest feeding bouts continued for over 51min.
When separate feeding events were identified, they were reported to
occur at a rate of between 0.3 ± 0.2 and 0.1 ± 0.1 events per hour,
again depending on developmental stage of host brood (Calderón et al.,
2009). The hourly occurrence of feeding events measured in our study
ranged between 1.7 and 2.1 events, but the number of feeding bouts
occurred at between 0.06 and 0.33 bouts per hour. Together, these data
overlap with those reported in previous studies and demonstrate the
variability in feeding behaviors exhibited by Varroa mites. What was
missed in the above videographic studies, however, was the unseen
movements of mites’ mouthparts and activity of the sucking pump
during food intake. From our study it was clear that although the mites

often did not move away from the feeding hole, feeding was not con-
tinuous. From data collected using an early model of the EPG system,
Qin et al. (2006) suggested the waveform repetition rate of the pumping
structure was ~10 cycles/second, which was nearly double the rate as
observed in our study.

The other feeding behaviors besides food ingestion have also been
described from both observational and electronic monitoring studies of
Varroa mites, other acarines, and also insects. For example, xylem-
feeding leafhoppers, such as Homalodisca vitripennis (Hemiptera:
Cicadelidae: Cicadellinae), is reported to have three feeding phases;
pathway, Xwave and ingestion (Backus, 2016), during which salivation
or sensing may occur (Dugravot et al., 2008). Similarly, ticks undergo
sensory evaluation in multiple phases of feeding (Gregson, 1960).
Feeding behaviors, such as probing, have also been suggested for Varroa
mites (Qin et al., 2006). Careful observations of Varroa mites on honey
bee host pupae reveal other consistent behaviors such as waving mo-
tions of their front legs possibly for detecting volatile chemical cues. In
addition to EPG waveforms of mite walking on host pupae and putative
pharyngeal pumping activities underlying fluid ingestion, we also re-
corded other mite EPG waveforms (data not shown) that could be as-
sociated with probing of the host’s integument possibly with maxillary
palps and piercing the cuticle with modified mouthparts for making a
feeding hole. We also recorded mite EPG waveforms (Fig. S3) that are
similar to tick salivation EPG waveforms (Li, unpublished data). In that
study, individual ticks were topically treated with pilocarpine to induce
salivation in a capillary feeding setup, tick salivation was visually ob-
served, and corresponding EPG waveforms were recorded

Fig. 4. Internal anatomy of the prosomal regions of
female Varroa destructor mite showing the structure
of the gnathosoma, pharynx and associated organs.
(A) Micrograph of a sagittal view showing the alter-
nating constrictor and dilator muscles surrounding
the collapsed lumen. (B) Micrograph of a coronal
view showing the dilated pharynx in the center of the
gnathosomal base, with constrictor and dilator mus-
cles. (C) Line drawing of the prosomal region
showing the gnathosoma, pharynx, pharyngeal mus-
culature, esophagus, synganglion and associated
structures. C= corniculus; Ch= chelicera;
CR= chelicera retractor muscle; Dm=movable
digit (digitus mobilus); DS=dorsal shield;
Es= esophagus; GS= genital sclerite; La= lacina;
L= labrum; PCM=pharyngeal constrictor muscle;
PDM=pharyngeal dilator muscle; PF= pedipalp
flexor muscle; PR=pedipalp retractor muscle;
SS= sternal sclerite; SubEG= subesophageal syn-
ganglion; SupEG= supraesophageal synganglion;
Te= tectum; Tr= tritosternum.
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simultaneously (Li, unpublished data). Because we were unable to vi-
sually confirm mite salivation through visual observation of behaviors,
therefore we designate the EPG waveforms as “putative salivation wa-
veforms” (Fig. S3). Moreover, we do not have clear histological pre-
parations that show the salivary glands and their associated ducts.
Future histological studies of Varroa mites should target elucidation of
salivary gland structure and its relationship with other feeding
anatomy, and other studies confirming EPG signal patterns for some of
difficult to observe behaviors will increase the information extracted
from both the current and previously published Varroa mite EPG data.
However, a caveat to work using EPG to understand Varroa mite
feeding behaviors is that trials are conducted outside of the mite and
host’s natural habitat. In the current study, care was taken to maintain
temperature and lighting (dark) conditions within range of what would
be naturally encountered by mites and their hosts.

Feeding behaviors of Varroamites resemble those observed for some
related acarines, but contrast with those of others (Stone et al., 1983;
Zheng et al., 2015). For the former, suction feeding by the soft tick,
Ornithodoros turicata, occurred at a repetition rate of 6.1–6.4 cycles per
second, and feeding events extended for 19–22min (Sonenshine and
Anderson, 2014; Zheng et al., 2015). For a related Parasitiform mite,
Pergamasus longicornis, feeding events were calculated to last ~10min
(Bowman, 2014). The comparable rates of suction feeding between
Varroa mites and the soft tick is likely due to a similar arrangement of
the constrictor and dilator muscles that operate their pharyngeal pumps
(Sonenshine, 1991). In contrast, the hard ticks feed slowly and for much
longer durations (Gregson, 1960; Sweatman and Gregson, 1970;
Sonenshine and Anderson, 2014). Soft ticks have relatively large mid-
guts and greatly expandable cuticles allowing for voluminous blood
meals over relatively short periods of time, while hard ticks have a rigid
cuticle, which must be synthesized de novo during feeding to accom-
modate the increasing blood volume (Sonenshine and Anderson, 2014).
Varroa mites’ bodies are rigid, and flattened dorso-ventrally; although
some dorso-ventral expansion can be observed (e.g., when gravid), but
the expansion is likely not due to synthesis of new cuticle. A flattened
body form is necessary/ideal for inhabiting cramped spaces inside wax-
capped honey bee brood cells during mites’ reproductive stage, and for
fitting their bodies under abdominal tergites/sternites of adult honey
bee hosts during mites’ phoretic stage (sensu lato). These constraints
may have impacted the feeding behaviors, and possibly excretory be-
haviors of Varroa mites (Posada et al., 2018), and other Parasitiform
mites (Bowman, 2014). For Varroa mites, constraints to feeding may be
different depending on the life stage of both the mites and honey bees.

Varroa mite suction feeding is somewhat different compared to
some other suction feeding insects, such as hemipterans. For example,
during food ingestion by xylem-feeding H. vitripennis, EPG signals from
the insect cibarial (suction) pump occurred at a waveform repetition
rate of 1–2 cycles per second (Backus et al., 2005), a lower rate than
observed for Varroa mites in our study. Moreover, voltage changes
during leafhopper suction feeding varied from 0.35mV to as high as
1.25mV from G-level (Dugravot et al., 2008). The variation in ampli-
tudes may be a result of different electrical signals produced from
elastic and muscular forces driving the cibarial suction pump in hemi-
pteran insects (Chapman, 1998). Whereas for mites and ticks, uniform
signal amplitudes during suction feeding are likely a result of muscular
forces that both contract and dilate the pharyngeal pump. Differences
among fluid-ingesting arthropods in food ingestion rates may also be
related to the physical properties of the foods they consume. For ex-
ample, whether fluids are physically Newtonian or non-Newtonian in
nature may impact how fluids move through often narrow tube-like
food ingestion anatomy of liquid feeding arthropods (Cook, 2008).
Honey bee host fluids consumed by Varroa mites contain some hemo-
lymph with dissolved nutrients, but primarily semi-digested cellular
components or entire cells (e.g., fat body tissues) (Ramsey et al., 2018,
2019), making the food more non-Newtonian in physical nature, similar
to, e.g., mammal blood. Finer histological studies will likely be needed

to fully examine the morphological features of Varroa internal feeding
anatomy.

The feeding behaviors of individuals are mutable by interactions
with other individuals. Feeding behaviors of Varroa mites may be in-
fluenced by both inter- and intraspecific interactions. For the former, it
is unknown how differences between honey bee hosts in their responses
to Varroa parasitism, and/or how Varroa mites counter these defenses,
influence the mites’ feeding behaviors. No published study is available
for comparison that has described or quantified Varroa mite feeding
behaviors on Apis cerana host honey bees. Moreover, the effects of
proposed anti-feedant proteins produced by the mite’s native host on
Varroa mite feeding behaviors have not been studied. Intraspecific in-
teractions may be facilitative or competitive; although communal use of
a single feeding hole on host pupae by multiple mites is observed, and
data suggest female mites may modify number and gender of offspring
depending on mite density (Fuchs and Langenbach, 1989), it remains
unclear whether these behaviors are altruistic. Correlations between
feeding times and pump cycle frequencies observed in our study suggest
that mites modify behaviors in order to acquire a given volume of food.
This could mean that mites’ feeding behaviors may be under some
constraints, even in the absence of other mites. Both laboratory and
field studies are required to more fully elucidate the altruistic or com-
petitive interactions that may exist that influence Varroa mite feeding
behaviors.

Acknowledgements

The authors thank Dr. Elaine A. Backus of the USDA ARS San
Joaquin Valley Agricultural Sciences Center, Parlier, CA for providing
the fine gold wire to A.Y. Li., and for reviewing a previous draft of this
manuscript. Laudier Histology provided section of Varroa mite internal
anatomy shown in Fig. 4B. Francisco Posada-Florez and Connor Gul-
bronson were supported by an ORAU/ORISE Fellowship through USDA-
ARS.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jinsphys.2019.103950.

References

Backus, E.A., 2016. Sharpshooter feeding behavior in relation to transmission of Xylella
fastidiosa: a model for foregut-borne transmission mechanisms. pp. 175–193. In:
Brown, J.K. (Ed.), Vector-mediated Transmission of Plant Pathogens. American
Phytopathological Society, St. Paul, MN, pp. 496.

Backus, E.A., Bennett, W.H., 1992. New AC electronic insect feeding monitor for fine-
structure analysis of waveforms. Ann. Entomol. Soc. Am. 85, 437–444.

Backus, E.A., Habibi, J., Yan, F.M., Ellersieck, M.R., 2005. Stylet penetration by adult
glassy-winged sharpshooter on grape: EPG waveform characterization, tissue corre-
lation and possible implications for transmission of Xylella fastidiosa. Ann. Entomol.
Soc. Am. 98, 787–813.

Backus, E.A., Cervantes, F.A., Guedes, R.N.C., Li, A.Y., Wayadande, A.C., 2019. AC-DC
Electropenetrography (EPG) for in-depth studies of feeding and oviposition beha-
viors. Ann. Entomol. Soc. Am. 112, 236–248.

Beaurepaire, A.L., Truong, T.A., Fajardo, A.C., Dinh, T.Q., Cervancia, C., Moritz, R.F.,
2015. Host specificity in the honeybee parasitic mite, Varroa spp. in Apis mellifera and
Apis cerana. PLoS One 10 (8), e0135103. https://doi.org/10.1371/journal.pone.
0135103.

Bowen-Walker, P.L., Gunn, A., 2001. The effect of the ectoparasitic mite, Varroa destructor
on adult worker honeybee (Apis mellifera) emergence weights, water, protein, car-
bohydrate, and lipid levels. Entomol. Exp. Appl. 101, 207–217.

Bowman, C.E., 2014. Gut expansion and contraction in the predatory soil mite Pergamasus
longicornis (Mesostigmata: Parasitidae): a stiff system. Exp. Appl. Acarol. 64,
337–359.

Calderón, R.A., Fallas, N., Zamora, L.G., van Veen, J.W., Sánchez, L.A., 2009. Behavior of
Varroa mites in worker brood cells of Africanized honey bees. Exp. Appl. Acarol. 49,
329–338.

Chapman, R., 1998. The Insects: Structure and Function, fourth ed. Cambridge University
Press, Cambridge, U.K.

Cook, S.C., 2008. Functional Biology of Exudate Feeding Ants. University of Utah, pp. 108
Thesis.

De Lillo, E., Di Palma, A., Nuzzaci, G., 2001. Morphological adaptations of mite chelicerae

A.Y. Li, et al. Journal of Insect Physiology 119 (2019) 103950

7

https://doi.org/10.1016/j.jinsphys.2019.103950
https://doi.org/10.1016/j.jinsphys.2019.103950
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0005
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0005
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0005
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0005
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0010
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0010
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0015
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0015
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0015
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0015
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0020
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0020
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0020
https://doi.org/10.1371/journal.pone.0135103
https://doi.org/10.1371/journal.pone.0135103
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0030
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0030
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0030
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0035
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0035
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0035
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0040
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0040
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0040
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0045
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0045
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0050
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0050
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0055


to different trophic activities (Acari) Entomologica. Bari 35, 125–180.
Donze, G., Guerin, P.M., 1994. Behavioral-attributes and parental care of varroa mites

parasitizing honeybee brood. Behav. Ecol. Sociobiol. 34, 305–319.
Dugravot, S., Backus, E.A., Reardon, B.J., Miller, T.A., 2008. Correlations of cibarial

muscle activities of Homalodisca spp. sharpshooters (Hemiptera: Cicadellidae) with
EPG ingestion waveform and excretion. J. Insect Physiol. 54, 1467–1478.

Egekwu, N.I., Posada, F., Sonenshine, D.E., Cook, S.C., 2018. Using an in vitro system for
maintaining Varroa destructor mites on Apis mellifera pupae as hosts: studies of mite
longevity and feeding behavior. Exp. Appl. Acarol. 74, 301–315.

Feng, M., Ramadan, H., Han, B., Fang, Y., Li, J., 2014. Hemolymph proteome changes
during worker brood development match the biological divergences between western
honey bees (Apis mellifera) and eastern honey bees (Apis cerana). BMC Genomics 15,
563.

Fuchs, S., Langenbach, K., 1989. Multiple infestations of Apis mellifera L. brood cells and
reproduction in Varroa jacobsoni Oud. Apidologie 20, 257–266.

Gregson, J.D., 1960. Morphology and functioning of the mouthparts of Dermacentor an-
dersoni Stiles. Part I. The feeding mechanism in relation to the tick. Acta Trop. 17,
48–72.

Hu, H., Bienefeld, K., Wegener, J., Zautke, F., Hao, Y., Feng, M., Han, B., Feng, Y., Wubie,
A.J., Li, J., 2016. Proteome analysis of the hemolymph, mushroom body, and antenna
provides novel insight into honeybee resistance against Varroa infestation. J.
Proteome Res. 15, 2841–2854.

Ji, T., Shen, F., Liu, Z., Yin, L., Shen, J., Liang, Q., Luo, Y.X., 2015. Comparative proteomic
analysis reveals mite (Varroa destructor) resistance-related proteins in Eastern hon-
eybees (Apis cerana). Genet. Mol. Res. 14, 10103–10118.

Kanbar, G., Engels, W., 2004. Visualisation by vital staining with trypan blue of wounds
punctured by Varroa destructor mites in pupae of the honey bee (Apis mellifera).
Apidologie 35, 25–29.

Kanbar, G., Engels, W., 2005. Communal use of integumental wounds in honey bee (Apis
mellifera) pupae multiply infested by the ectoparasitic mite Varroa destructor. Genet.
Mol. Res. 4, 465–472.

Lin, Z., Page, P., Li, L., Qin, Y., Zhang, Y., Hu, F., Neumann, P., Zheng, H., Dietemann, V.,
2016. Go east for better honey bee health: Apis cerana is faster at hygienic behavior
than A. mellifera. PLoS One 11 (9), e0162647.

Mondet, F., Kim, S.H., de Miranda, J.R., Beslay, D., Le Conte, Y., Mercer, A.R., 2016.
Specific cues associated with honey bee social defense against Varroa destructor in-
fested brood. Sci. Rep. 6, 25444.

Nazzi, F., Brown, S.P., Annoscia, D., Del Piccolo, F., Di Prisco, G., Varricchio, P., Della
Vedova, G., Cattonaro, F., Caprio, E., Pennacchio, F., 2012. Synergistic parasite-pa-
thogen interactions mediated by host immunity can drive the collapse of honeybee
colonies. PLoS Pathog. 8, e1002735.

Nazzi, F., Le Conte, Y., 2016. Ecology of Varroa destructor, the major ectoparasite of the
western honey bee, Apis mellifera. Annu. Rev. Entomol. 61, 417–432.

Park, H.G., Lee, K.S., Kim, B.Y., Yoon, H.J., Choi, Y.S., Lee, K.Y., Wan, H., Li, J., Jin, B.R.,
2018. Honeybee (Apis cerana) vitellogenin acts as an antimicrobial and antioxidant
agent in the body and venom. Dev. Comp. Immunol. 85, 51–60. https://doi.org/10.
1016/j.dci.2018.04.001.

Posada, F., Sonenshine, D.E., Egekwu, N.I., Rice, C., Lupistskyy, R., Cook, S.C., 2018.
Insights into the metabolism and behavior of Varroa destructor mites from analysis of
their waste excretions. Parasitology 1–6. https://doi.org/10.1017/
S0031182018001762.

Qin, Y., Zhao, J., Zhou, L., Huang, Z.Y., 2006. Electronic monitoring of feeding behaviour
of Varroa mites on honey bees. J. Apic. Res. 45, 157–158.

Ramsey, S.D., Gulbronson, C., Mowery, J., Ochoa, R., vanEngelsdorp, D., Bauchan, G.R.,
2018. A multi-microscopy approach to discover the feeding site and host tissue
consumed by Varroa destructor on host honey bees. Microscopy Microanal. 24 (Suppl
1). https://doi.org/10.1017/s1431927618006773.

Ramsey, S.D., Ochoa, R., Bauchan, G., Gulbronson, C., Mowery, J.D., Cohen, A., Lim, D.,
Joklik, J., Cicero, J.M., Ellis, J.D., Hawthorne, D., van Englesdorp, D., 2019. Varroa
destructor feeds primarily on honey bee fat body tissue and not hemolymph. Proc.
Natl. Acad. Sci. 116, 1792–1801.

Richards, E.H., Jones, B., Bowman, A., 2011. Salivary secretions from the honeybee mite,
Varroa destructor: effects on insect haemocytes and preliminary biochemical char-
acterization. Parasitology 138, 602–608.

Sonenshine, D.E., Anderson, J.M., 2014. Mouthparts and digestive system. Anatomy and
molecular biology of feeding and digestion. Biology of Ticks, second ed. Oxford
University Press NY,, NY.

Sonenshine, D.E., 1991. Biology of Ticks. Volume 1, 1991, i-xix, 1-447.
Stone, B.F., Commins, M.A., Kemp, D.H., 1983. Artificial feeding of the Australian pa-

ralysis tick, Ixodes holocyclus and collection of paralysing toxin. Int. J. Parasitol. 13,
447–454.

Sweatman, G.K., Gregson, J.D., 1970. Feeding electrograms of Hyalomma aegyptium at
different temperatures. J. Med. Entomol. 7, 575–584.

Wang, L., Wang, C., Li, H., Yang, X., Wang, Y., Guo, X., Xu, B.J., 2019. Isolation of
AccGalectin1 from Apis cerana cerana and its functions in development and adverse
stress response. J. Cell. Biochem. 120, 671–684. https://doi.org/10.1002/jcb.27424.

Xu, P., Shi, M., Chen, X.X., 2009. Antimicrobial peptide evolution in the Asiatic honey bee
Apis cerana. PLoS One 4 (1), e4239. https://doi.org/10.1371/journal.pone.0004239.

Yang, X., Cox-Foster, D.L., 2005. Impact of an ectoparasite on the immunity and pa-
thology of an invertebrate: evidence for host immunosuppression and viral amplifi-
cation. Proc. Natl. Acad. Sci. 102, 7470–7475.

Zheng, H., Li, A.Y., Teel, P.D., Pérez de León, A.A., Seshu, J., Liu, J., 2015. Biological and
physiological characterization of in vitro blood feeding in nymph and adult stages of
Ornithodoros turicata (Acari: Argasidae). J. Insect Physiol. 75, 73–79. https://doi.org/
10.1016/j.jinsphys.2015.03.005.

A.Y. Li, et al. Journal of Insect Physiology 119 (2019) 103950

8

http://refhub.elsevier.com/S0022-1910(19)30126-X/h0055
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0060
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0060
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0065
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0065
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0065
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0070
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0070
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0070
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0075
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0075
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0075
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0075
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0080
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0080
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0085
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0085
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0085
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0090
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0090
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0090
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0090
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0095
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0095
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0095
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0100
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0100
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0100
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0105
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0105
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0105
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0110
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0110
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0110
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0115
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0115
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0115
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0120
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0120
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0120
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0120
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0125
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0125
https://doi.org/10.1016/j.dci.2018.04.001
https://doi.org/10.1016/j.dci.2018.04.001
https://doi.org/10.1017/S0031182018001762
https://doi.org/10.1017/S0031182018001762
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0140
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0140
https://doi.org/10.1017/s1431927618006773
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0150
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0150
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0150
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0150
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0155
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0155
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0155
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0160
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0160
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0160
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0170
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0170
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0170
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0175
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0175
https://doi.org/10.1002/jcb.27424
https://doi.org/10.1371/journal.pone.0004239
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0190
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0190
http://refhub.elsevier.com/S0022-1910(19)30126-X/h0190
https://doi.org/10.1016/j.jinsphys.2015.03.005
https://doi.org/10.1016/j.jinsphys.2015.03.005

