Aggregation of Micropterix maschukella moths on inflorescences of common elder: mating at foraging sites (Lepidoptera: Micropterigidae)
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Abstract

We investigated mechanisms underlying distribution of an archaic moth, Micropterix maschukella, among inflorescences of the adult’s principal food plant, common elder Sambucus nigra. Moths aggregate on certain inflorescences within a plant, preferring inflorescences at early stages of flowering. Females visit inflorescences to feed with pollen; they do not search for conspecific groups and even avoid densely populated inflorescences. In contrast, males visit inflorescences mainly for mating; they feed only seldom and preferentially land on inflorescences with high number of conspecific individuals. Mating was more frequent on inflorescences with higher density of moths. Mating strategy of morphologically archaic Micropterigidae, classified as ‘explosive breeding strategy’, has significantly deviated from pheromone-mediated location of females which is considered ancestral for the order Lepidoptera.
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INTRODUCTION

Lepidoptera are frequently used as models in studies of basic ecological and evolutionary problems (Odendaal et al. 1985, Karlsson 1995, Ehrlich & Hanski 2004). The number of publications discussing mating behaviour in the Lepidoptera is growing rapidly, and a variety of patterns has been documented during the past decades (reviewed by Hughes et al. 2000). However, majority of theoretical studies is based on the data on butterflies (Odendaal et al. 1985, Karlsson 1995), whereas behavioural information on more archaic groups, especially so-called monotrysian ‘microlepidoptera’, is almost lacking, except for studies of Hepialidae that use pheromone communication for search of mating partners (Löfstedt & Kozlov 1997). As the result, some mechanisms of mate location in Lepidoptera, that are not mediated by pheromones, remain unexplored; this in particular concerns the situation when mate choice is indirect, governed by aggregation or preferences for mating at particular sites (the problem discussed by Wiley & Poston 1996).


Aggregation is a relatively infrequent phenomenon in Lepidoptera. The typical lek behaviour, when males aggregate in sites which contain no resources, had only rarely been reported among moths (e. g. Willis & Birch 1982, Andersson et al. 1998); aggregations in butterflies are usually associated with ‘explosive mating strategy’ (Hughes et al. 2000) or adult search for water or minerals (Boggs & Dau 2004). Therefore the mass occurrence of both sexes of archaic moths from the genera Micropterix Hb. and Sabatinca Walk. (Micropterigidae) on flowers or inflorescences of the adult’s food plants (Pringruber 1944, Lorenz 1961, Thien et al. 1985, Kozlov 1982, 1985) or on reproductive fern fronds (J. Dugdale and G. Gibbs, pers. comm.) represents an interesting phenomenon, investigation of which may elucidate the evolution of life history traits in Lepidoptera.


Our goal was to explore mechanisms underlying distribution of Micropterix maschukella Alph. (Lepidoptera: Micropterigidae) moths among inflorescences of the adult’s principal food plant, common elder Sambucus nigra L. We aimed at answering the following questions: (i) Do moths aggregate on certain inflorescences within a plant, or moth distribution among inflorescences is random? (ii) Which cues are used by males and females to select inflorescence within a plant? In particular, we checked whether attractiveness of inflorescences depends on their size, phenological stage, or the number of conspecific individuals on an inflorescence.

MATERIALS AND METHODS

Study sites

The study was conducted near a town of Lagodekhi (Georgia; 41(50' N, 46(20' E) in 1989-1990 and 9 km S of the Ubinskaya village (Krasnodar district, Russian Federation; 44°44' N, 38°33' E) in 2004. Study sites were located in submontane forests, in valleys of small mountain rivers, Shromis R. and Lagodekhis R. in Georgia (500-700 m a.s.l.) and Ubin R. in Russia (80-100 m a.s.l.). The dominant trees in Georgia were beech (Fagus silvatica L.) and hornbeam (Carpinus betulus L.), while in Krasnodar district the forest was mainly formed by oak (Quercus robur L.); almost no undergrowth, except patches of Rubus, was present in both study sites. Bushes of common elder were sparsely distributed in these forests, being associated with roads and river banks. Both investigated populations of M. maschukella used the same adult’s food plants, primarily common elder, and were at about the same density during the study years. In both sites we collected the field data in late May, which corresponded to the mass occurrence of adult moths.

Study species

Micropterix maschukella is a small (8 - 10 mm in wing expanse) day-active iridescent moth distributed in Crimea and Caucasus (Kozlov 1994). This species belongs to the family Micropterigidae which is most archaic among the extant Lepidoptera (Kristensen & Skalski 1998). Adult moths have articulated mandibulae and fed with pollen (Fig. 1) of various plant species, being most abundant on flowers of Sambucus nigra, Rubus spp., Rosa spp., Rhododendron spp. and Philadelphus caucasicus; detritophagous larvae inhabit forest litter (Kozlov 1982, 1995). Slow-flying moths aggregate and mate (Fig. 2) on flowers/inflorescences of adult’s food plants (Kozlov 1982, 1985), and over 100 moths were sometimes observed on a single umbellatae inflorescence of common elder (Fig. 3) which is most frequently visited by moths and was therefore selected for this study. Since moths of the genus Micropterix seem not to possess sexual pheromones (Pringruber 1944), they were supposed to rely primarily on visual signals for recognition of sexual partners (Kozlov 1985).

Distribution of moths among inflorescences

First, we tested whether moths of M. maschukella aggregate on certain inflorescences of common elder. Since three most frequently used aggregation indices are closely related (Taylor 1984), we have chosen the simplest one (variance/mean ratio) which reflects the degree of deviation from the perfect randomness (when this index equals to 1). We calculated this index by using the data from nine elder bushes (up to 500 m apart) censused in Lagodekhi in 1989, with 12 to 23 inflorescences per bush. Censusing was conducted around mid-day (11 a. m. – 15 p. m.), under direct sunschine and no or very low (<0.5 m s-1) wind, the conditions under which the moths were most active. When moth number was small (0-15 individuals), they were counted directly on inflorescences. If moth number was large, the inflorescence was enclosed into entomological net placed bottom up and moths were disturbed; when moths concentrated in the upper part of the net, they were counted and then released. After moth censusing, the size of each inflorescence was measured by a ruler to the nearest 0.5 cm (two measurements, D1 and D2, in perpendicular directions, with D1 selected as the largest linear size of the inflorescence), and an area of the inflorescence was calculated as follows: area = 0.25 * π * D1 * D2. These data were used to check whether moths select larger inflorescences; the relationships between the number of moths, moth density (number of moths divided by the area of inflorescence) and the size of inflorescence were investigated by calculating the Pearson correlation coefficient. 
Second, we checked whether inflorescences within elder bush differ in their attractiveness for M. maschukella moths. This was done by (a) repeated counts of undisturbed moths and (b) monitoring of moth arrival to inflorescences after periodical disturbance. We tagged each of 8-12 inflorescences on each of three elder bushes and counted moths of M. maschukella on these inflorescences with 15 min intervals (10 to 17 repeated observations); the care was taken not to disturb the moths. Another series of observations was conducted on a single elder bush with eight marked inflorescences. We disturbed off the moths by shaking the branches every 30 min, and monitored arrival of moths to inflorescences with 5 min intervals. The shaking was repeated five times, thus the experiment lasted for 2 h 30 min. The differences in moth number between individual inflorescences were analysed by repeated measure ANOVA (SAS Institute 1990). 

Third, we checked whether attractiveness of inflorescences depends on their phenological state. On May 26, 1990 we selected 12 large (>125 cm2) inflorescences in a bush of common elder which best represented each of three phenological groups: young (no shed blossoms, 10-25% of flower buds), mature (flower buds and shed blossoms either absent or rare, <5%) and old (no flower buds, >25% of shed blossoms), four inflorescences in each group. Moths on each inflorescence were counted with 15 min intervals (10 repeated observations); the data were processed by the repeated measure ANOVA.

Finally, we tested the hypothesis that copulation is facilitated by moth aggregation. For this purpose we recorded the number of copulating pairs on each inflorescence during the repeated counts described above. The time slices without copulating pairs were discarded, and the remaining time slices were used to compare (by ANOVA) the absolute numbers and densities of moths on inflorescences with and without pairs in copula.

Attractiveness of conspecific groups

To study whether aggregation of moths is governed by attraction to conspecific individuals, on May 25-26, 2004 we established two field experiments in Ubinskaya. In the first experiment we used commercially available yellow sticky traps (single coated Catch-itTM, Silvandersson Sweden AB), 95 × 140 mm size. These traps (18 in total) were positioned nearly horizontally within three flowering bushes of elder at the height of 1.3-1.6 m, three pairs of traps in each bush; traps within a pair were 30-60 cm apart, and experimental bushes were 60-100 m apart. Five dead males of M. maschukella were pinned to the surface of one trap in each pair; another trap served the control. Note that pinning was used to prevent the contact of ‘bait’ moth with the sticky surface, because this contact would result in immediate disappearance of iridescent wing coloration. Traps were repeatedly inspected during 24 h exposure (with 1-2 h intervals in daytime, nine records in total), and all moths captured by the sticky surface were sexed, recorded and removed during each inspection. The data were analysed by the nested ANOVA separately for males and females.


In another experiment we checked whether presence of some moths on an inflorescence affects the sex ratio of the newcomers. This experiment was replicated five times, one replicate (inflorescence) per bush of common elder; bushes selected for this experiment were 20-100 m apart. In each bush, we selected an inflorescence with 10-20 moths and collected the five first newcomers with an aspirator in such a way that other moths on inflorescence have not been disturbed; this took 5-15 min. Then we knocked the branch; when all moths departed, we uninterruptedly monitored the inflorescences until the arrival of the five first newcomers which were also collected with an aspirator; this took 10-25 min. The sex ratios among moths that arrived to inflorescences with zero and high moth densities were compared by ANOVA.

Sexual differences in feeding and flight activities

On May 25-26, 2004 in Ubinskaya we continuously monitored moth behaviour on 10 inflorescences (selected on five bushes, 10-50 m apart) with moderate (6-14) number of M. maschukella, and immediately collected feeding individuals with an aspirator, avoiding the disturbance of other moths. The feeding moth is easily distinguished due to movement of long folded labial palpi which are touching the flower and collecting pollen grains (Fig. 1). Observations were conducted until approximately a half of moths was collected; this usually took 5-15 min. The remaining individuals, that have not started feeding during the observation time, were collected at the end of the session. Both feeding and non-feeding moths were sexed; the interaction between sex and feeding activity was searched for by ANOVA.

To compare flight activity of males and females, we first determined sex ratios of moths on flowers and on the surrounding non-flowering vegetation. On May 25, 2004 we collected moths from 14 inflorescences on three groups of elder bushes in Ubinskaya, and at the same time sweep-netted the non-flowering vegetation around these bushes (11 samples in total). The sex ratios of the collected moths were compared by ANOVA. Second, on May 26 we looked for M. maschukella moths flying across a forest glade, at the distances 1.5 to 5 m from the nearest elder inflorescence. The migrants were infrequent, but we managed to collect 10 individuals during two hours. Sex ratio in this sample was compared with the sex ratio in the pooled sample from elder inflorescences by chi-square test.

RESULTS

Distribution among inflorescences

M. maschukella moths were highly aggregated on certain inflorescences, as indicated by variance/mean ratio ranging 2.95 to 19.2 (mean ± S.E.: 7.93 ± 1.70) in nine independent counts. The inflorescences retained their relative attractiveness for moths during the observation periods (2.5-5 hours; repeated ANOVA: P < 0.0001 for differences among inflorescences in each of three independent data sets). Similarly, disturbed moths preferentially returned to inflorescences on which the highest numbers of moths were observed prior the disturbance (F7,40 = 11.2, P < 0.0001).


The number of moths positively correlated with the size of inflorescence (Fig. 4). However, moth density was independent on the area of inflorescence (r = -0.04, N = 163 inflorescences, P = 0.59), indicating no size-related preference. The highest density of moths was observed on inflorescences that were at the beginning of flowering compared to inflorescences on later phenological phases (Fig. 5).

Courtship behaviour and copulation

Males seem not to discriminate between sexes, as can be concluded from frequently observed attempts of male/male mating. Male intrusion on mating pairs, as well as multiple (up to five) males demonstrating courtship behaviour around a female (for description and illustrations of courtship behaviour, consult Kozlov 1982, 1985), are indicative of male competition. Copulating pairs (usually one or two per inflorescence) were observed on inflorescences where moth numbers and densities were 2-3 times as high as on inflorescences without pairs in copula (Table 1), and frequency of copulation (number of copulating individuals divided by total number of observed individuals) was higher on inflorescences with large (10 and more) number of individuals than on inflorescences with 3-9 moths (disturbance experiment: 10.3 ± 2.4% vs. 3.5 ± 1.5%; F1, 49 = 5.57, P = 0.02).

Attractiveness of conspecific groups

Sticky traps with five attached males of M. maschukella attracted significantly more males than empty traps (traps nested within blocks, and blocks nested within elder bushes; ANOVA: F3, 8 = 18.0, P = 0.0021), whereas females did not discriminate between traps with and without conspecific individuals (F3, 8 = 0.70, P = 0.59) (Fig. 6).

Both males (19 individuals) and females (6 individuals) were found to land on inflorescences without moths, whereas inflorescences with 10-20 moths attracted 25 males and not a single female (ANOVA, sex ratios in individual samples each consisting of five moths: F1, 8 = 10.3, P = 0.01). We never observed any behaviour of moths which can be considered as aggression against newcomers.

Sexual differences in feeding and flight activities

Males and females of M. maschukella differ in their feeding activity (ANOVA, interaction between sex and feeding during the observation period: F1, 36 = 34.2, P = 0.0001). Proportion of females among the feeding individuals was much higher (93.9%) than among non-feeding individuals (30.0%) (Fig. 7). 

Proportion of females on elder inflorescences tended to be higher than on surrounding non-flowering vegetation (51.6% vs. 29.9%, respectively; ANOVA: F1, 23 = 3.90, P = 0.06). Among ten moths captured when flying across the forest gap, eight were males. Sex ratio in this sample significantly differs from sex ratio in the pooled sample of 232 moths (112 males, 120 females) collected on inflorescences of common elder (χ2 1 = 3.87, P = 0.05). All these data, as well as the male-biased sex ratio among moths captured by sticky traps (Fig. 5), consistently demonstrate that males of M. maschukella fly more frequently than females. 

DISCUSSION

The results of both observations and field experiments demonstrate that moths of M. maschukella aggregate on certain inflorescences of common elder, preferring inflorescences at early stages of flowering. Males and females of M. maschukella seem to have different reasons to select inflorescences within a plant. Females visit inflorescences of common elder mainly for feeding; they do not search for conspecific groups and even avoid densely populated inflorescences. In contrast, males visit inflorescences mainly for mating; they feed only seldom and preferentially land on inflorescences with high number of conspecific individuals. As the result, moths aggregate and mate at female’s foraging sites; mating was more frequent in inflorescences with high number of moths. These data suggest that mating system of M. maschukella can be classified as ‘explosive breeding strategy’, in which males congregate to compete for females (Thornhill & Alcock 1983). To the best of our knowledge, among Lepidoptera this strategy had earlier been reported only for butterflies, one of the phylogenetically advanced and ecologically specialised lineages of the order (Kristensen & Skalski 1998).

Odendaal et al. (1985) listed several traits that might be expected in butterfly species which are approaching explosive breeding rather than prolonged searching in the behavioural continuum. At least some of these traits, such as poor discrimination among mates, and strategies for males that ensure quick access to fertilisable females (in a form of aggregation at female’s foraging sites), do occur in M. maschukella, indicating that at least some of the predictions by Odendaal et al. (1985) are valid not only for butterflies but also for archaic moths. On the other hand, the male-biased operational sex ratio, which is considered an important attribute of explosive breeders (Odendaal et al. 1985, Hughes et al. 2000), was not discovered in M. maschukella on inflorescences of common elder. Finally, since larval food (plant litter) is plentiful in all forest habitats, its availability seem not to restrict female reproductive schedule in M. maschukella. However, this species is very patchy distributed (Kozlov 1995), like the Australian lycaenid butterfly, Jalmenus evagoras, which represents an extreme case of explosive breeding strategy (Hughes et al. 2000). This hints that not the larval ecology but the ‘tight’ type of population structure, with little exchange of individuals between clearly delimited demographic units (Brussard & Ehrlich 1970, Ehrlich 1984), is associated with the explosive breeding strategy.

Similarity in both morphology of pheromone-producing glands on the Vth abdominal sternite and in chemical structure of pheromones of archaic moth (Eriocraniidae and Nepticulidae) and caddis-flies allowed us to suggest that the pheromone communication is an ancestral type of mate search in both Lepidoptera and Trichoptera (Löfstedt & Kozlov 1997, and references therein). However, the pheromone communication had been repeatedly lost by different groups of moths and butterflies, including Micropterigidae (Pringruber 1944, Kozlov & Zvereva 1999), as well as in some caddis-flies (e.g. Petersson & Solem 1987). The groups lacking long-distant pheromones are generally diurnal and brightly coloured, because they rely on visual cues when searching for a mate partner. However, the efficiency of visual search decreases with decrease in insect size (Magnus 1958), and therefore small moths need to evolve some behavioural mechanisms to increase the probability of copulation. We suggest that aggregation of M. maschukella on foraging sites is an example of this adaptive strategy, since copulation was more frequent in larger groups (Table 1). Interestingly, mating at foraging sites (flowers) was once reported for the psychomyiid caddis-fly, Tinodes waeneri (Petersson & Hasselrot 1994).
Resource-based territoriality, associated with mating at female foraging sites, was described in the butterfly Lycaena hippothoe (Fischer & Fiedler 2001); however, this species seem not to aggregate. Thornhill & Alcock (1983) listed no lepidopteran species among 16 examples of insect groups whose males locate mates at foraging sites frequented by females. Therefore, to our knowledge, aggregation of M. maschukella at female’s foraging sites is the first example of this kind of behaviour in Lepidoptera. Mating aggregations not associated with female feeding sites have been described in fairy moths (Adelidae), whose swarming males also search for mates visually (Kozlov 1985); in webbing clothes moths, Tineola bisselliella, which aggregate on larval feeding substrate (Takács et al. 2002); and in arctiid moths, Estigmene acrea, which demonstrate typical lek behaviour (Willis & Birch 1982). The pattern discovered in M. maschukella is most similar to one described for oriental fruit fly, Bactrocera dorsalis, which aggregated and copulated on host fruits (Prokopy et al. 1996). More generally, aggregation on host plants was described as one of the pre-requisites of mate location in several groups of insects (Kirk 1985, Snead & Alcock 1985, Reagel et al. 2002), although mechanisms of this aggregation differ between species.


Our data suggest that females of M. maschukella avoid large conspecific groups, whereas males are attracted to these groups. This might indicate that unreceptive females try to avoid sexual harassment which decreases foraging efficiency (Odendaal et al. 1985, Pilastro et al. 2003). On the other hand, rarely migrating females may preferentially search for new foraging sites, avoiding competition and diversifying moth distribution within a habitat; they form ‘nuclei’ which attract frequently migrating males searching for mates. Accumulation of males on an inflorescence continues until moth density reaches 0.3 moth cm-2 (cf. Fig. 4); at this density males start to disturb each other, mostly by attempting male/male copulation, and the surplus individuals depart from inflorescence (pers. obs.). Migration of moths between inflorescences may contribute to pollination of common elder, like in the case with another micropterigid moth, Sabatinca, which is principal pollinator of Zygogynum (Thien et al. 1985).
In the proposed ecological scenarios of early lepidopteran evolution (Sinev 1990, Kristensen 1997) many ecological traits of Micropterigidae are considered to be retained from an ancestor. However, our data demonstrated that the morphologically archaic Micropterigidae have significantly deviated from ancestral (pheromone-mediated) location of females, approaching phylogenetically advanced butterflies in some aspects of mating strategy.
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Table 1. 

Comparison of moth number and density between inflorescences with and without M. maschukella pairs in copula.

	Data set
	Compared parameters
	Pairs in copula absent
	Pairs in copula present
	Statistical differencea

	
	
	Nb
	Mean ± S.E.
	N
	Mean ± S.E.
	F
	P

	Disturbance experiment
	Number of moths
	74
	4.02 ± 0.49
	14
	12.14 ± 1.04
	44.7
	<.0001

	
	 Moth densityc
	74
	0.061 ±0.010
	14
	0.199 ±0.037
	26.2
	<.0001

	Repeated observations
	Number of moths
	53
	10.45 ± 0.96
	7
	20.43 ± 3.42
	11.8
	0.0011

	
	 Moth densityc
	53
	0.124 ±0.011
	7
	0.208 ±0.038
	6.70
	0.0122


aANOVA (all bushes and time slices pooled)

bN, number of inflorescences in the group

cNumber of moths divided by the area of an inflorescence (cm2)

Figure legends

Fig. 1. – Micropterix maschukella moth feeding on pollen of common elder. Scale: 2 mm

Fig. 2. – Copulating pair of Micropterix maschukella moths on inflorescence of common elder. Scale: 2 mm

Fig. 3. – Inflorescence of common elder with more than 20 moths of Micropterix maschukella on it. Scale: 2 cm

Fig. 4. – Number of Micropterix maschukella moths in relation to an area of inflorescence of common elder. N = 163 inflorescences
Fig. 5. – Density of Micropterix maschukella moths on inflorescences of common elder in relation to the phenological state of inflorescence. Values/bars with same letter do not differ at P < 0.05 (ANOVA, Tukey test). Means are given + SE. N = 4 inflorescences in each group

Fig. 6. – Number of Micropterix maschukella moths attracted to sticky traps with five attached males in comparison with control traps. Values/bars with same letter do not differ at P < 0.05 (ANOVA, Tukey test). Means are given + SE. N = 9 traps in each group

Fig. 7. – Number of males and females of Micropterix maschukella feeding and not feeding on alder inflorescences. Values/bars with same letter do not differ at P < 0.05 (ANOVA, Tukey test). Means are given + SE. N = 10 inflorescences in each group
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Fig. 6
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Fig. 7
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