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Table S1. Number and percentage of 224 research papers on diel (circadian) rhythms regarding 

pheromones of various taxonomic groups. 

 

Order 

Families Number of genera1 

Number 

of papers 

Percent of 

papers 

Order Lepidoptera (moths) 152 67.9 

Batrachedridae Batrachedra 1 0.4 

Bombycidae Bombyx 4 1.8 

Coleophoridae Coleophora 2 0.9 

Cossidae Isoceras 1 0.4 

Crambidae 5 8 3.6 

Erebidae/Lymantriidae 5 15 6.7 

Gelechiidae 4 5 2.2 

Geometridae Lambdina 1 0.4 

Gracillariidae 2 4 1.8 

Limacodidae 3 1 0.4 

Noctuidae 11 64 28.6 

Pterophoridae Platyptilia 3 1.3 

Pyralidae 10 15 6.7 

Saturniidae 2 2 0.9 

Sesiidae Synanthedon 3 1.3 

Sphingidae Manduca 3 1.3 

Tortricidae 10 21 9.4 

Zygaenidae 2 1 0.4 

    

Order Coleoptera (beetles) 19 8.5 

Bostrichidae 3 4 1.8 

Cerambycidae 7 4 1.8 

Chrysomelidae Diabrotica 1 0.4 

Curculionidae 2 3 1.3 

Dermestidae 2 3 1.3 

Scarabaeidae 2 2 0.9 

Tenebrionidae Tribolium 2 0.9 

    

Order Hemiptera = Homoptera (sucking) 18 8.0 

Aphididae 6 6 2.7 

Diaspididae 2 2 0.9 

Miridae 2 2 0.9 

Pentatomidae Euschistus 3 1.3 

Pseudococcidae 3 3 1.3 

Reduviidae Triatoma 1 0.4 

Triozidae Bactericera 1 0.4 

    

Order Diptera (flies) 14 6.3 

Agromizidae Agromiza 1 0.4 

Cecidomyiidae Sitodiplosis 1 0.4 

Culicidae Culex 1 0.4 



Drosophillidae Drosophila 2 0.9 

Tephritidae 4 9 4.0 

    

Order Hymenoptera (wasps, bees) 6 2.7 

Apidae Apis 4 1.8 

Brachonidae Aphidius 1 0.4 

Platygastridae Telenomus 1 0.4 

Trichogrammatidae Lathromeris 1 0.4 

    

Order Dictyoptera (cockroaches) 6 2.7 

Acanthopidae Acanthops 1 0.4 

Blaberidae Leucophaea 1 0.4 

Blattidae Periplaneta 1 0.4 

Ectobiidae=Blattellidae 2 3 1.3 

    

Order Trichoptera (caddisflies) 1 0.4 

Limnephilidae Dicosmoecus 1 0.4 

Sericostomatidae Gumaga 1 0.4 

    

Order Ixodida (ticks)  2 0.9 

Ixodidae 2 2 0.9 

    

Order Acarina (mites)  1 0.4 

Tetranychidae Tetranychus 1 0.4 

    

Order Araneae (spiders)  1 0.4 

Araneidae Mastophora 1 0.4 
 

1Number of different genera given for each family unless only one genus which in that case is named 

 

 
 

 

 

 

 

 

 

 

 



Table S2. Number and percentage of 224 research papers on diel (circadian) rhythms regarding 

various aspects of pheromone amounts (titre/titer) in glands/bodies, calling behavior, pheromone 

release/emission rates, and response to pheromones. 

 

Pheromone-related keywords1 Number of 

papers 

Percent of 

papers 

Titre (OR titer) 52 23.2 

Calling 82 36.6 

Release 41 18.3 

Release (but was actually calling) 14 6.3 

Release (actual release rates)2 27 12.1 

Response 104 46.4 

Mating 39 17.4 

Temperature 17 7.6 

Antenna OR EAG 14 6.3 

Titre + Calling 25 11.2 

Titre + Release 5 2.2 

Titre + Response 6 2.7 

Calling + Release 5 2.2 

Calling + Response 20 8.9 

Release + Response 6 2.7 

Titre + Calling + Release 2 0.9 

Titre + Calling + Response 4 1.8 

Titre + Release + Response 1 0.4 

Calling + Release + Response 0 0 

Titre + Calling + Release + Response 0 0 
 

1Articles were found initially by means of key words in title but some articles were then discounted when 

they did not contain data as suggested by title. 
2Articles that reported pheromone release/emitting rates (quantity/time unit). Earlier reports sometimes 

considered “calling” behavior the same as “release” of pheromone.  

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3 (gives more details on photoperiods and source figures from literature used in analysis in Table 

1 in manuscript, this is a more detailed version). 

Mean time (hours) and SD in photophase or scotophase of pheromone activity rhythms calculated 

from graphical data in literature on non-lepidopteran insects (more details). Data were fit to a normal 

equation from the mean time (b) and SD (c) by computer iteration to obtain the scaling coefficient a, 

allowing estimation of Y activity (emission, calling, or response) at any hour X (from eq. 1 in text). 

 

Species - Circadian activity Source Mean hour ± SD a1 R2 (N) 

Coleoptera (beetles)     

Rhyzopertha dominica (Bostrichidae) - male emission of 

dominicalure-1 aggregation pheromone, µg/male/h 

(1)2 7.94 ± 4.9 

photophase 

0.475 0.29 (7) 

Trogoderma variabile (Dermestidae) - % female calling (2) 3.98 ± 2.45 

photophase  

233.2 0.82 (27) 

Trogoderma variabile (Dermestidae) - % male response to 

diluted female sex pheromone extract 

(2) 4.1 ± 3.7 

photophase 

566.8 0.55 (8) 

Diabrotica barberi (Chrysomelidae) - mean male catch/h on 

traps with synthetic female sex pheromone 

(3) 4.23 ± 1.07 

photophase 

62.9 0.80 (14) 

Sitophilus granaries (Curculionidae) – % male response to 

male aggregation pheromone extract 

(4) 6.0 ± 4.94 

photophase 

444.9 0.34 (6) 

Sitophilus granaries (Curculionidae) – % female response to 

male aggregation pheromone extract 

(4) 6.7 ± 4.64 

photophase 

588.4 0.49 (6) 

Hedypathes betulinus (Cerambycidae) – µg (E)-6,10-dimethyl-

5,9-undecadien-2-yl acetate emission per male-day 

(5) 6.49 ± 1.98 

photophase 

696 0.76 (6) 

Anthonomus grandis (Curculionidae) - µg aggregation 

pheromone (sum four-components) in frass per male-hour 

(6) 7.25 ± 4.23 

photophase 

24.7 0.97 (9) 

Anomala albopilosa albopilosa (Scarabaeidae) – ng sex 

pheromone buibuilactone component emission per male-hour 

(7) 2.20 ± 2.05 

scotophase 

45.95 0.58 (6) 

Hemiptera (mealybugs, aphids, sucking bugs)     

Planococcus citri (Pseudococcidae) virgin mealybug sex 

pheromone emission ng/female/h (8-10 days age) 

(8) 11.93 ± 2.26 

scotophase 

6.34 0.99 (11) 

Planococcus ficus (Pseudococcidae) virgin mealybug sex 

pheromone emission ng/female/h (13-15 days age) 

(8) 2.53 ± 5.05 

photophase 

6.02 0.90 (11) 

Nipaecoccus viridis (Pseudococcidae) virgin mealybug sex 

pheromone (ester) relative emission (12-14 days age) 

(9)    

Dysaphis plantaginea (Aphididae) % oviparae calling (14 days 

age) 

(10) 5.87 ± 2.94 

photophase 

858.5 0.48 (12) 

Dysaphis plantaginea (Aphididae) oviparae sex pheromone 

nepeta-(lactone+lactol) emission ng/adult/h (7 days age) 

(10) 7.72 ± 4.27 

photophase 

69.7 0.84 (16) 

Diptera (flies)     

Anastrepha suspensa (Tephritidae) emission anastrephin 

aggregation-lek pheromone ng/male/h (12 days age) 

(11) 11.36 ± 1.60 

photophase 

587.4 0.95 (8) 

Ceratitis catoirii (Diptera: Tephritidae) number males calling 

in field cage (age > 12 days) 

(12) 2.97 ± 1.23 

photophase 

85.95 0.90 (13) 

Ceratitis catoirii (Tephritidae) number males observed mating 

in lab cage (age > 12 days) 

(12) 5.27 ± 1.39 

photophase 

12.67 0.82 (12) 

Bactrocera zonata (Tephritidae) relative emission of DMSU 

(spiroacetal) female sex component (3-8 days age) 

(13) 10.06 ± 2.87 

photophase 

221.4 0.80 (6) 

Bactrocera zonata (Tephritidae) relative emission of 2,3,5-

trimethylpyrazine male sex component (8-13 days age) 

(13) 7.97 ± 3.38 

photophase 

92.7 0.17 (9) 

Hymenoptera (bees, ants, wasps)     



Apis mellifica ligustica (Apidae) titre queen pheromone 9-keto-

2-decenoic acid µg/head (virgin female 15-18 days age) 

(14) 7.42 ± 4.36 

photophase 

9110 0.90 (6) 

Aphidius nigripes (Brachonidae) male catch on virgin female 

traps in field 

(15) 4.09 ± 2.95 

photophase 

80.3 0.50 (7) 

Dictyoptera (cockroaches)     

Supella longipalpa (Blattellidae) % females calling (8 days 

age) 

(16) 6.58 ± 2.80 

scotophase 

665.9 0.83 (14) 

Supella longipalpa (Blattellidae) % males responding to 0.01 

female extract, males entrained then dark continuous 72 h 

(17) 6.98 ± 4.11 

scotophase 

1124 0.92 (9) 

Blattella germanica (Blattellidae) % females calling (7 days 

age) 

(18) 1.25 ± 5.78 

photophase 

1175 0.76 (24) 

Blattella germanica (Blattellidae) % females mating (7 days 

age) 

(18) 11.44 ± 4.22 

scotophase 

101.9 0.73 (23) 

 

1Scaling coefficient a, mean hour b, and SD c are used to calculate Y of activity (described in first column) at any hour 

X of photophase or scotophase according to the normal curve eq. (1) in text. 

2(1) Bashir et al. (2003), Figs. 1 and 2 (12L:12D); (2) Cross et al. (1977), Fig. 2 (16L:8D); (3) Dobson and Teal (1986), 

Fig. 1A (14.5L:9.5D); (4) Faustini et al. (1982), Fig. 2 (16L:8D); (5) Fonseca et al. (2010), Fig. 4C (12L:12D); (6) 

Gueldner and Wiygul (1978), Fig. 1 (16L:8D); (7) Leal et al. (1996), Fig. 5 (16L:8D); (8) Levi-Zada et al. (2014b), 

Figs. 2 and 3 (12L:12D); (9) Levi-Zada et al. (2019), Fig. 1 (14L:10D); (10) Stewart-Jones et al. (2007), Fig. 4 

(12L:12D); (11) Nation (1990), Fig. 3 (14L:10D); (12) Quilici et al. (2002), Fig. 2 (12.5L:11.5D); (13) Levi-Zada et 

al. (2020b), Figs. 1 and 3 (14L:10D); (14) Pain and Roger (1978), Fig. 1 (16L:8D); (15) McNeil and Brodeur (1995), 

Fig. 6 (16L:8D); (16) Smith and Schal (1991) (12L:12D); (17) Liang and Schal (1990), Fig. 5 (12L:12D); (18) Liang 

and Schal (1993), Fig. 2 (12L:12D). 
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