
 

1 

 

Mating promotes lactic-acid gut bacteria in a gift-giving insect 1 

 2 

 3 

 4 

Smith, Chad C. 5 

Department of Integrative Biology 6 

1 University Station C0990 7 

University of Texas at Austin 8 

Austin, TX 78712 9 

chadsmith@utexas.edu 10 

http://chadcsmith.wordpress.com 11 

 12 

Srygley, Robert B. 13 

USDA-Agricultural Research Service 14 

Northern Plains Area Research Laboratory 15 

1500 N. Central Avenue 16 

Sidney MT 59270 17 

 18 

Dietrich, Emma I. 19 

Department of Integrative Biology 20 

1 University Station C0990 21 

University of Texas at Austin 22 

Austin, TX 78712 23 

 24 

Mueller, Ulrich G. 25 

Department of Integrative Biology 26 

1 University Station C0990 27 

University of Texas at Austin 28 

Austin, TX 78712 29 

 30 

Keywords: microbiome, nuptial gift, sexual interaction, diet, immunity, lactic-acid bacteria  31 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted August 26, 2016. ; https://doi.org/10.1101/071001doi: bioRxiv preprint 

mailto:chadsmith@utexas.edu
https://doi.org/10.1101/071001
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

2 

 

ABSTRACT 32 

Mating is a ubiquitous social interaction with the potential to influence the microbiome by facilitating 33 

transmission, modifying host physiology, and in species where males donate nuptial gifts to females, 34 

altering diet. We manipulated mating and nuptial gift consumption in two insects that differ in nuptial 35 

gift size, the Mormon cricket Anabrus simplex and the decorated cricket Gryllodes sigillatus, with the 36 

expectation that larger gifts are more likely to affect the gut microbiome. Surprisingly, mating, but not 37 

nuptial gift consumption, affected bacterial community structure, and only in Mormon crickets. The 38 

change in structure was due to a precipitous drop in the abundance of lactic-acid bacteria in unmated 39 

females, a taxon known for their beneficial effects on nutrition and immunity. Mating did not affect 40 

phenoloxidase or lysozyme-like antibacterial activity in either species, suggesting that any 41 

physiological response to mating on host-microbe interactions is decoupled from the systemic 42 

immunity. Protein supplementation also did not affect the gut microbiome in decorated crickets, 43 

suggesting that insensitivity of gut microbes to dietary protein could contribute to the lack of an effect 44 

of nuptial gift consumption. Our study provides experimental evidence that sexual interactions can 45 

affect the microbiome and suggests mating can promote beneficial gut bacteria. 46 

 47 

Social interaction (Archie and Tung, 2015; Smith and Mueller, 2015) and diet (Ley et al., 2008; 48 

Muegge et al., 2011; Yatsunenko et al., 2012; David et al., 2014) are two key factors that influence the 49 

composition of the microbiome. Of the types of social interactions animals engage in, mating is both 50 

ubiquitous and among the most likely to influence host microbial communities due to its intimacy and 51 

profound effects on host physiology. Yet scant attention has been paid to the influence of mating on 52 

microbial symbiosis beyond the transmission of pathogenic infections (Lockhart et al., 1996; Knell and 53 

Webberley, 2004) despite the fact that beneficial microbes can also be sexually transmitted during the 54 

mating process (Smith and Mueller, 2015). Mating also alters the expression of hundreds of genes 55 
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involved in metabolism, reproduction, and immunity (McGraw et al., 2008), which potentially could 56 

influence host-microbe interactions. The host immune system in particular plays a critical role in the 57 

regulation of the microbiome (Ryu et al., 2010; Hooper et al., 2012; Engel and Moran, 2013), which in 58 

turn influences host immune function (Hooper et al., 2012; Engel and Moran, 2013; Levy et al., 2015), 59 

nutrition (Turnbaugh et al., 2006; Engel and Moran, 2013) and behavior (Archie and Theis, 2011; 60 

Forsythe and Kunze, 2013). 61 

 Sexual interactions can also influence diet, an important determinant of the constitution of the 62 

microbiome (Ley et al., 2008; Muegge et al., 2011; Yatsunenko et al., 2012; David et al., 2014). In 63 

many animals, males provide nuptial gifts that females ingest during courtship or copulation (Yosef 64 

and Pinshow, 1989; Vahed, 1998; Gomes and Boesch, 2009). Male crickets and katydids in particular 65 

are known for the production of a spermatophylax, a proteinaceous (Heller et al., 1998), sperm-free 66 

mass that is eaten by females. Consumption of the spermatophylax has varying effects on female 67 

fitness, increasing survival and fecundity in some taxa (Gwynne, 1984a, 2008; Simmons, 1990) while 68 

producing no apparent benefit in other taxa (Will and Sakaluk, 1994; Vahed, 2007). This has led to 69 

extensive debate over spermatophylax evolution. Several lines of evidence suggest that the 70 

spermatophylax serves only as an ejaculate protection device to prevent the female from eating the 71 

sperm-laden ampulla (Vahed, 2007), which is transferred with the spermatophylax to females during 72 

copulation. These nuptial gifts are not necessarily expected to provide a nutritional benefit, only 73 

properties that distract the female long enough for sperm transfer to complete (Vahed, 2007). In 74 

contrast, the spermatophylax is expected to be nutritious when it serves as a form of paternal 75 

investment that increases the number or quality of offspring sired by the male (Gwynne, 2008). Which 76 

of these two explanations is correct is likely to have important implications for how nuptial gifts 77 

influence the microbiome, as protein intake can induce rapid changes in the gut microbial communities 78 

(Wu et al., 2011; David et al., 2014). 79 

 We manipulated nuptial feeding and mating to measure their effects on the gut microbiome of 80 
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two insects that differ in the size of their gifts, the Mormon cricket, 81 

Anabrus simplex (Orthoptera: Tettiginiidae), and the decorated 82 

cricket, Gryllodes sigillatus (Orthoptera: Gryllidae). Mormon 83 

crickets produce a spermatophore six times larger than G. sigillatus 84 

(19% vs 3% of male body mass; Gwynne, 1984b; Sakaluk, 1985, 85 

Fig. 1) and are a well-known example of nutrition-dependent sex-86 

role reversal, with females competing for access to 87 

spermatophylax-producing males when food is scarce (Gwynne, 88 

1984b, 1993). In contrast, the G. sigillatus spermatophylax is no 89 

larger than that required for sperm transfer (Sakaluk, 1984) and 90 

does not provide any detectable nutritional benefit to females (Will 91 

and Sakaluk, 1994; but see Ivy et al., 1999).  Given this evidence, 92 

we expect that spermatophylax consumption will exert larger 93 

effects on the gut microbiome of Mormon crickets than decorated 94 

crickets. Whether mating influences the microbiome depends on the 95 

potential for microbial transmission, as well as an effect of mating on the physiological state of 96 

females. We assessed these alternatives by screening male and female reproductive tissues for bacteria 97 

and measuring components of the immune system that are known to change in response to mating in 98 

insects.  99 

RESULTS AND DISCUSSION 100 

Mating and the microbiome 101 

We found that mating, but not spermatophylax consumption, influenced the structure of the gut 102 

microbiome of Mormon crickets (Figure 2, Table 1), while neither had an effect in decorated crickets 103 

(Table S1). Ordination of the Mormon cricket OTU scores suggested that five taxa changed in 104 

Figure 1. (a) Mormon cricket Anabrus 

simplex female (top) and male (bottom) 

in copula and (b) a decorated cricket 

Gryllodes sigillatus female after mating. 

Red arrow indicates the spermatophylax 

and blue arrow indicates the ampulla. 
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abundance in response to the mating treatment (Fig. 3), all lactic-acid bacteria (Family 105 

Lactobacillaceae). Two of these were among the dominant members of the Mormon cricket 106 

microbiome (Figure S1, Pediococcus acidilactici 102222 and Pediococcus sp. 17309), while the other 107 

three occurred at a lower frequency (Lactobacillus sp. 288584, Pediococcus sp. 733251, and 108 

Lactobacillus sp. 1110317).  109 

 110 

Figure 2. Ordination of Mormon cricket sample scores from a distance-based redundancy analysis. 111 

Points are colored to indicate whether a cricket was mated (triangles) or unmated (circles) (a,b) and 112 

whether they were allowed to consume the spermatophylax (circles) or not (triangles) (c,d). Text 113 

corresponds to the centroids for samples collected before (a,c) or after (b,d) the treatments were 114 

applied. Alpha diversity was not affected by mating or spermatophylax consumption (Table S2 and 115 

S3).    116 
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 117 

Figure 3. Ordination of Mormon cricket OTU scores from a distance-based redundancy analysis. Each 118 

triangle represents an OTU, with text indicating the centroid of the sample scores from each treatment. 119 

Filled triangles are the top 15 most abundant OTUs colored by genus. Labeled OTUs are those 120 

displaced along the axis associated with mating and individually analyzed for differences in abundance 121 

(see Figure 4, Table 2). PA = Pediococcus acidilactici 102222, P1=Pediococcus 17309, 122 

P2=Pediococcus 773251, L5=Lactobacillus 288584, L6= Lactobacillus 1110317. 123 

 124 

We compared the abundance of these five lactic-acid bacteria among treatments in univariate 125 

analyses and found that three differed depending upon whether females had mated or not, including P. 126 

acidilactici 102222 and Pediococcus sp. 17309 (Fig. 4, Table 2). Comparisons of fecal samples taken 127 

before and after the treatments indicated that all three lactic-acid bacteria experienced a precipitous 128 

decline in unmated females, but persisted in mated females, resulting in higher abundances in mated 129 

females at the end of the experiment (Fig. 4, Table 2).  130 

  131 
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 132 

Figure 4. Relative abundance of five OTUs putatively associated with mating in Mormon crickets. 133 

Time point indicates whether samples were collected before or after the treatments were imposed. A 134 

significant interaction between mating and time point was detected for the top 3 panels (Table 2). 135 

 136 

Lactic-acid bacteria are known for their beneficial associations with the gastrointestinal tract of 137 

human and non-human animals (De Vos et al., 2009; Walter et al., 2011; Ma et al., 2012), including 138 

insects (Forsgren et al., 2010; Storelli et al., 2011; Vásquez et al., 2012; Erkosar et al., 2015). P. 139 

acidilactici, for example, has been shown to enhance development and immune function (Neissi et al., 140 

2013), reduce susceptibility to infection (Castex et al., 2009), and produce bacteriocins toxic to food-141 

borne pathogens (Bhunia et al., 1988). Our study thus shows that sexual interactions can influence the 142 

structure of the microbiome, and suggests that mating can promote the persistence of beneficial 143 

bacteria in the gut. 144 

One way social behavior can alter the microbiome is by facilitating transmission of microbes 145 
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between members of the group (Archie and Tung, 2015). Sexual transmission is unlikely to explain our 146 

results, however, because the male spermatophore and female spermatheca were negative in our 16s 147 

PCR screens for bacteria, perhaps because of antimicrobial activity in the reproductive tissues. Sexual 148 

transmission of both pathogenic and beneficial microbes, however, does occur in insects (Knell and 149 

Webberley, 2004; Smith and Mueller, 2015), and more studies are needed to evaluate their prevalence 150 

and effects on host fitness and reproductive behavior. Contact with male feces might also have 151 

provided a source of lactic acid bacteria to mated females if there are gender differences in the 152 

microbiome. While there is some evidence that gender influences the microbiome in other animals 153 

(Bolnick et al., 2014; Ding and Schloss, 2014), this has yet to be evaluated in Mormon crickets.  154 

 155 

Changes in host physiology in response to social interaction, or lack thereof, could also explain 156 

shifts in microbiome structure. Hormones that regulate appetite, energy expenditure, and metabolism 157 

are thought to affect the gut microbiome by altering (i) immune function, (ii) mucous production in the 158 

gut epithelia, and (iii) behavioral changes in food intake (Spor et al., 2011). Similarly, the stress 159 

response (Jašarević et al., 2015; Sandrini et al., 2015) and fluctuations in reproductive hormones (Gajer 160 

et al., 2012; Brotman et al., 2014) are associated with changes in the composition of the microbiome. 161 

In Drosophila, mating influences the expression of >1700 genes involved in these physiological 162 

processes (McGraw et al., 2008). Many of these genes are expressed in tissues outside of the female 163 

reproductive tract and are induced by the transfer of specific male seminal fluid proteins (McGraw et 164 

al., 2008). Whether similar physiological responses to mating can be generalized to other insects, and 165 

whether these specific changes do influence host-microbe interactions, remains to be elucidated.     166 

Mating in insects can result in the suppression of the immune system due to tradeoffs between 167 

survival and reproduction (Harshman and Zera, 2007), and the immune system is a key regulator of the 168 

microbiome (Ryu et al., 2010; Hooper et al., 2012). We measured three components of systemic 169 

immunity in both species and found that immunological activity was unaffected by mating, and was not 170 
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associated with variation among crickets in microbiome structure (Table S4 and S5). This suggests that 171 

if the lactic-acid bacteria identified in our study are influenced by the immune system, it likely occurs 172 

locally within the gut rather than in response to systemic changes in immunity. This is consistent with 173 

experiments in Drosophila, where the immune response in gut epithelia is induced by oral introduction 174 

of bacteria but not after injection of the same bacteria into the hemocoel (Tzou et al., 2000).  175 

Nuptial gift consumption and the microbiome 176 

In contrast to our expectation that larger nuptial gifts should elicit a greater change in 177 

microbiome composition, spermatophylax consumption did not affect the gut bacterial communities in 178 

either species (Table 1, S1). At least three non-mutually exclusive possibilities could explain this 179 

result. First, it is possible that the spermatophylax is not a highly nutritive meal for the female, even in 180 

Mormon crickets. Hemolymph protein was higher in Mormon crickets that mated and consumed the 181 

spermatophylax in our study (Table S4, Fig. S3); however, if these females did have higher protein 182 

intake, it was not reflected in their microbiome. Although their spermatophylax is relatively large and 183 

females compete for spermatophylax-producing males under low nutrient conditions (Gwynne, 1984b, 184 

1993), the nutritional consequences of spermatophylax consumption has not been explicitly measured 185 

in Mormon crickets.  186 

Second, nuptial gifts might not influence the gut microbiota because of a lack of sensitivity of 187 

the microbiome to dietary protein, irrespective of the nutritional properties of the gift itself. Our 188 

experiment supports this hypothesis, as increasing dietary protein did not significantly influence the gut 189 

microbiome, at least in decorated crickets (Table S2). Cricket gut microbiomes thus might not confer 190 

the same degree of plasticity in resource use as has been suggested for humans (David et al., 2014). 191 

Experiments measuring metabolic activity under different dietary regimes are required to test this 192 

hypothesis.   193 

Finally, it is possible that spermatophylax consumption could affect the microbiome under a 194 
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different dietary regime not tested in our study. Mormon crickets in particular occur in habitats that 195 

vary widely in available protein and other nutrients (Gwynne, 1984b), and under some conditions in 196 

nature spermatophylax consumption might have a greater effect than observed in our experiments.  197 

Conclusion 198 

Social behavior is emerging as an important factor shaping the diversity of the microbiome (Powell et 199 

al., 2014; Smith and Mueller, 2015; Tung et al., 2015; Moeller et al., 2016). Progress in this area 200 

requires studies that use experimental manipulations of social interactions to complement surveys that 201 

correlate microbiome composition and host traits (e.g. group membership, dominance rank, social 202 

interaction networks) to infer their relationship (Archie and Tung, 2015). To our knowledge, our study 203 

is the first to use such an experimental approach to demonstrate that sexual interactions affect the 204 

structure of the gut microbiome. Given the relative simplicity of their gut microbiomes and their long 205 

standing as models in the study of sexual behavior, crickets and katydids provide an exciting 206 

opportunity to expand our knowledge of host-microbe symbioses. 207 

DATA ACCESSIBILITY 208 

Sequences are deposited in Genbank SRA accessions SRP073329 and SRP073374. 209 

ACKNOWLEDGEMENTS 210 

We thank Laura Senior, Alexis Carlson, Aaron McAughan, Danny Nyugen, Lisa Zezas and Karth 211 

Swaminath for help with field collections and performing experiments, Spencer Behmer for the 212 

artificial diets and Scott Sakaluk for advice on the decorated cricket methods. This work was funded by 213 

US National Science Foundation award DEB-1354666 and the W.M. Wheeler Lost Pines Endowment 214 

from the University of Texas at Austin. 215 

  216 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted August 26, 2016. ; https://doi.org/10.1101/071001doi: bioRxiv preprint 

https://doi.org/10.1101/071001
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

11 

 

REFERENCES 217 

Archie, E.A. and Theis, K.R. (2011) Animal behaviour meets microbial ecology. Anim. Behav. 82: 218 

425–436. 219 

Archie, E.A. and Tung, J. (2015) Social behavior and the microbiome. Curr. Opin. Behav. Sci. 6: 28–220 

34. 221 

Bhunia, A. k., Johnson, M.C., and Ray, B. (1988) Purification, characterization and antimicrobial 222 

spectrum of a bacteriocin produced by Pediococcus acidilactici. J. Appl. Bacteriol. 65: 261–223 

268. 224 

Bolnick, D.I., Snowberg, L.K., Hirsch, P.E., Lauber, C.L., Knight, R., Caporaso, J.G., and Svanbäck, 225 

R. (2014) Individuals’ diet diversity influences gut microbial diversity in two freshwater fish 226 

(threespine stickleback and Eurasian perch). Ecol. Lett. n/a-n/a. 227 

Brotman, R.M., Ravel, J., Bavoil, P.M., Gravitt, P.E., and Ghanem, K.G. (2014) Microbiome, sex 228 

hormones, and immune responses in the reproductive tract: Challenges for vaccine development 229 

against sexually transmitted infections. Vaccine 32: 1543–1552. 230 

Castex, M., Lemaire, P., Wabete, N., and Chim, L. (2009) Effect of dietary probiotic Pediococcus 231 

acidilactici on antioxidant defences and oxidative stress status of shrimp Litopenaeus 232 

stylirostris. Aquaculture 294: 306–313. 233 

David, L.A., Maurice, C.F., Carmody, R.N., Gootenberg, D.B., Button, J.E., Wolfe, B.E., et al. (2014) 234 

Diet rapidly and reproducibly alters the human gut microbiome. Nature 505: 559–563. 235 

De Vos, P., Garrity, G.M., Jones, D., Krieg, N.R., Ludwig, W., Rainey, F.A., et al. eds. (2009) 236 

Bergey’s Manual of Systematic Bacteriology: The Firmicutes 2nd ed. Springer-Verlag, New 237 

York. 238 

Ding, T. and Schloss, P.D. (2014) Dynamics and associations of microbial community types across the 239 

human body. Nature 509: 357–360. 240 

Engel, P. and Moran, N.A. (2013) The gut microbiota of insects – diversity in structure and function. 241 

FEMS Microbiol. Rev. 37: 699–735. 242 

Erkosar, B., Storelli, G., Mitchell, M., Bozonnet, L., Bozonnet, N., and Leulier, F. (2015) Pathogen 243 

virulence impedes mutualist-mediated enhancement of host juvenile growth via inhibition of 244 

protein digestion. Cell Host Microbe 18: 445–455. 245 

Forsgren, E., Olofsson, T.C., Vásquez, A., and Fries, I. (2010) Novel lactic acid bacteria inhibiting 246 

Paenibacillus larvae in honey bee larvae. Apidologie 41: 99–108. 247 

Forsythe, P. and Kunze, W.A. (2013) Voices from within: gut microbes and the CNS. Cell. Mol. Life 248 

Sci. 70: 55–69. 249 

Gajer, P., Brotman, R.M., Bai, G., Sakamoto, J., Schütte, U.M.E., Zhong, X., et al. (2012) Temporal 250 

dynamics of the human vaginal microbiota. Sci. Transl. Med. 4: 132ra52-132ra52. 251 

Gomes, C.M. and Boesch, C. (2009) Wild Chimpanzees Exchange Meat for Sex on a Long-Term 252 

Basis. PLOS ONE 4: e5116. 253 

Gwynne, D.T. (1984a) Courtship feeding increases female reproductive success in bushcrickets. Nature 254 

307: 361–363. 255 

Gwynne, D.T. (1993) Food quality controls sexual selection in Mormon crickets by altering male 256 

mating investment. Ecology 74: 1406–1413. 257 

Gwynne, D.T. (2008) Sexual conflict over nuptial gifts in insects. Annu. Rev. Entomol. 53: 83–101. 258 

Gwynne, D.T. (1984b) Sexual selection and sexual differences in Mormon crickets (Orthoptera: 259 

Tettigoniidae, Anabrus simplex). Evolution 38: 1011–1022. 260 

Harshman, L.G. and Zera, A.J. (2007) The cost of reproduction: the devil in the details. Trends Ecol. 261 

Evol. 22: 80–86. 262 

Heller, K.-G., Faltin, S., Fleischmann, P., and Helversen, O. v (1998) The chemical composition of the 263 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted August 26, 2016. ; https://doi.org/10.1101/071001doi: bioRxiv preprint 

https://doi.org/10.1101/071001
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

12 

 

spermatophore in some species of phaneropterid bushcrickets (Orthoptera: Tettigonioidea). J. 264 

Insect Physiol. 44: 1001–1008. 265 

Hooper, L.V., Littman, D.R., and Macpherson, A.J. (2012) Interactions between the microbiota and the 266 

immune system. Science 336: 1268–1273. 267 

Ivy, T.M., Johnson, J.C., and Sakaluk, S.K. (1999) Hydration benefits to courtship feeding in crickets. 268 

Proc. R. Soc. Lond. B Biol. Sci. 266: 1523–1527. 269 

Jašarević, E., Howerton, C.L., Howard, C.D., and Bale, T.L. (2015) Alterations in the vaginal 270 

microbiome by maternal stress are associated with metabolic reprogramming of the offspring 271 

gut and brain. Endocrinology 156: 3265–3276. 272 

Knell, R.J. and Webberley, K.M. (2004) Sexually transmitted diseases of insects: distribution, 273 

evolution, ecology and host behaviour. Biol. Rev. 79: 557–581. 274 

Levy, M., Thaiss, C.A., and Elinav, E. (2015) Metagenomic cross-talk: the regulatory interplay 275 

between immunogenomics and the microbiome. Genome Med. 7: 120. 276 

Ley, R.E., Hamady, M., Lozupone, C., Turnbaugh, P.J., Ramey, R.R., Bircher, J.S., et al. (2008) 277 

Evolution of mammals and their gut microbes. Science 320: 1647–1651. 278 

Lockhart, A.B., Thrall, P.H., and Antonovics, J. (1996) Sexually transmitted diseases in animals: 279 

ecological and evolutionary implications. Biol. Rev. 71: 415–471. 280 

Ma, B., Forney, L.J., and Ravel, J. (2012) Vaginal microbiome: rethinking health and disease. Annu. 281 

Rev. Microbiol. 66: 371–389. 282 

McGraw, L.A., Clark, A.G., and Wolfner, M.F. (2008) Post-mating gene expression profiles of female 283 

Drosophila melanogaster in response to time and to four male accessory gland proteins. 284 

Genetics 179: 1395–1408. 285 

Moeller, A.H., Foerster, S., Wilson, M.L., Pusey, A.E., Hahn, B.H., and Ochman, H. (2016) Social 286 

behavior shapes the chimpanzee pan-microbiome. Sci. Adv. 2: e1500997. 287 

Muegge, B.D., Kuczynski, J., Knights, D., Clemente, J.C., González, A., Fontana, L., et al. (2011) Diet 288 

drives convergence in gut microbiome functions across mammalian phylogeny and within 289 

humans. Science 332: 970–974. 290 

Neissi, A., Rafiee, G., Nematollahi, M., and Safari, O. (2013) The effect of Pediococcus acidilactici 291 

bacteria used as probiotic supplement on the growth and non-specific immune responses of 292 

green terror, Aequidens rivulatus. Fish Shellfish Immunol. 35: 1976–1980. 293 

Powell, J.E., Martinson, V.G., Urban-Mead, K., and Moran, N.A. (2014) Routes of acquisition of the 294 

gut microbiota of the honey bee Apis mellifera. Appl. Environ. Microbiol. 80: 7378–7387. 295 

Ryu, J.-H., Ha, E.-M., and Lee, W.-J. (2010) Innate immunity and gut–microbe mutualism in 296 

Drosophila. Dev. Comp. Immunol. 34: 369–376. 297 

Sakaluk, S.K. (1984) Male crickets feed females to ensure complete sperm transfer. Science 223: 609–298 

610. 299 

Sakaluk, S.K. (1985) Spermatophore size and its role in the reproductive behaviour of the cricket, 300 

Gryllodes supplicans (Orthoptera: Gryllidae). Can. J. Zool. 63: 1652–1656. 301 

Sandrini, S., Aldriwesh, M., Alruways, M., and Freestone, P. (2015) Microbial endocrinology: host–302 

bacteria communication within the gut microbiome. J. Endocrinol. 225: R21–R34. 303 

Simmons, L.W. (1990) Nuptial feeding in tettigoniids male costs and the rates of fecundity increase. 304 

Behav. Ecol. Sociobiol. 27: 43–47. 305 

Smith, C.C. and Mueller, U.G. (2015) Sexual transmission of beneficial microbes. Trends Ecol. Evol. 306 

30: 438–440. 307 

Spor, A., Koren, O., and Ley, R. (2011) Unravelling the effects of the environment and host genotype 308 

on the gut microbiome. Nat. Rev. Microbiol. 9: 279–290. 309 

Storelli, G., Defaye, A., Erkosar, B., Hols, P., Royet, J., and Leulier, F. (2011) Lactobacillus plantarum 310 

promotes Drosophila systemic growth by modulating hormonal signals through TOR-311 

dependent nutrient sensing. Cell Metab. 14: 403–414. 312 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted August 26, 2016. ; https://doi.org/10.1101/071001doi: bioRxiv preprint 

https://doi.org/10.1101/071001
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

13 

 

Tung, J., Barreiro, L.B., Burns, M.B., Grenier, J.-C., Lynch, J., Grieneisen, L.E., et al. (2015) Social 313 

networks predict gut microbiome composition in wild baboons. eLife 4: e05224. 314 

Turnbaugh, P.J., Ley, R.E., Mahowald, M.A., Magrini, V., Mardis, E.R., and Gordon, J.I. (2006) An 315 

obesity-associated gut microbiome with increased capacity for energy harvest. Nature 444: 316 

1027–131. 317 

Tzou, P., Ohresser, S., Ferrandon, D., Capovilla, M., Reichhart, J.-M., Lemaitre, B., et al. (2000) 318 

Tissue-specific inducible expression of antimicrobial peptide genes in Drosophila surface 319 

epithelia. Immunity 13: 737–748. 320 

Vahed, K. (2007) All that glitters is not gold: sensory bias, sexual conflict and nuptial feeding in 321 

insects and spiders. Ethology 113: 105–127. 322 

Vahed, K. (1998) The function of nuptial feeding in insects: a review of empirical studies. Biol. Rev. 323 

73: 43–78. 324 

Vásquez, A., Forsgren, E., Fries, I., Paxton, R.J., Flaberg, E., Szekely, L., and Olofsson, T.C. (2012) 325 

Symbionts as major modulators of insect health: lactic acid bacteria and honeybees. PLoS ONE 326 

7: e33188. 327 

Walter, J., Britton, R.A., Roos, S., and Klaenhammer, T.R. (2011) Host-microbial symbiosis in the 328 

vertebrate gastrointestinal tract and the Lactobacillus reuteri paradigm. Proc. Natl. Acad. Sci. 329 

U. S. A. 108: 4645–4652. 330 

Will, M.W. and Sakaluk, S.K. (1994) Courtship feeding in decorated crickets: is the spermatophylax a 331 

sham? Anim. Behav. 48: 1309–1315. 332 

Wu, G.D., Chen, J., Hoffmann, C., Bittinger, K., Chen, Y.-Y., Keilbaugh, S.A., et al. (2011) Linking 333 

long-term dietary patterns with gut microbial enterotypes. Science 334: 105–108. 334 

Yatsunenko, T., Rey, F.E., Manary, M.J., Trehan, I., Dominguez-Bello, M.G., Contreras, M., et al. 335 

(2012) Human gut microbiome viewed across age and geography. Nature 486: 222–227. 336 

Yosef, R. and Pinshow, B. (1989) Cache size in shrikes influences female mate choice and 337 

reproductive success. The Auk 418–421. 338 

 339 

  340 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted August 26, 2016. ; https://doi.org/10.1101/071001doi: bioRxiv preprint 

https://doi.org/10.1101/071001
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

14 

 

TABLES 341 

Table 1. Permutation tests from distance-based redundancy analysis of female Mormon cricket fecal 342 

samples. Time refers to whether a sample was collected before or after the treatments were applied.  343 

  F P 

Full model Mate 0.67 0.66 

 Spermatophylax 0.19 0.99 

 Time 3.00 0.01 

 Mate * Spermatophylax 1.43 0.20 

 Spermatophylax * Time 0.61 0.71 

 Mate * Time 2.39 0.04 

    

Pre-experiment Mate 0.76 0.74 

 Spermatophylax 0.38 0.99 

 Mate * Spermatophylax 0.89 0.55 

    

Post-experiment Mate 1.61 0.02 

 Spermatophylax 1.05 0.32 

 Mate * Spermatophylax 0.39 0.41 

 344 

 345 

Table 2. OTU abundance of five taxa putatively associated with mating in Mormon crickets. Values 346 

represent the Χ2 (p-value) from an analysis of deviance, except for L6, which was analyzed with 347 

Wilcoxon signed-rank tests. Significant terms are in bold (p<0.05). PA = Pediococcus acidilactici 348 

102222, P1=Pediococcus 17309, P2=Pediococcus 773251, L5=Lactobacillus 288584, L6= 349 

Lactobacillus 1110317. 350 

  PA P1 P2 L5 L6 

GLM Mate 3.26 (0.28) 3.26 (0.28) 3.01 (0.28) 2.38 (0.28)  

 Spermatophylax 0.24 (0.84) 0.39 (0.82) 0.25 (0.83) 0.17 (0.85)  

 Time 13.9 (0.006) 3.16 (0.28) 3.14 (0.28) 2.42 (0.28)  

 Mate * Spermatophylax 0.01 (0.99) 0.52 (0.77) 0.02 (0.96) 0.07 (0.92)  

 Spermatophylax*Time 0.72 (0.68) 2.42 (0.28) 0.34 (0.83) 0.05 (0.92)  

 Mate * Time 12.1 (0.007) 10.7 (0.01) 8.30 (0.03) 5.20 (0.13)†  

 

Wilcoxon Pre-experiment samples: Mated vs. unmated females 300 (0.85) 

 Post-experiment samples: Mated vs. unmated females 100 (0.40) 

 Unmated females only: pre vs. post experiment  200 (0.40) 

 Mated females only: pre vs. post experiment  200 (0.99) 

† P=0.02 before FDR correction for multiple tests.  351 

.CC-BY-NC-ND 4.0 International licensea
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under 

The copyright holder for this preprint (which was notthis version posted August 26, 2016. ; https://doi.org/10.1101/071001doi: bioRxiv preprint 

https://doi.org/10.1101/071001
http://creativecommons.org/licenses/by-nc-nd/4.0/

