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Hummingbirds and Flower Mites: Contrasts and 

Conflicts Between two Nectarivores 

Robert K Colwell 

Hummingbirds (Trochilidae), a strictly New World family of more 

than 300 species, breed from Alaska (Rufous Hummingbird, Selasphorus 

rufus [Gmelin]) to Tierra del Fuego (Green-backed Firecrown, Sephanotdes 

sephaniodes [Lesson]) (Skutch, 1973). At tropical latitudes, wet lowland 

rainforest typically supports 10-25 sympatric hummingbird species 

(Feinsinger and Colwell, 1978; Colwell and Coddington, 1994). 

Hummingbird species tend to replace one another along elevational 

gradients (from sea level to more than 5,000 m elevation in the Andes 

[Feinsinger et al, 1979]), with only three to five species typically in tropical 

highland assemblages. Endemic hummingbird species inhabit the Juan 

Fernandez archipelago (Colwell, 1989) and the Greater and Lesser Antilles 

(Tyrrell and Tyrrell, 1990). 

Little is known of the phylogeny and ecology of most groups of 

wildland mites, especially those of tropical regions. The ecology and behavior 

of the lineages collectively known as hummingbird flower mites, however, have 

been studied in unusual depth over the past 25 years (Colwell, 1973, 1979, 

1982, 1983, 1985, 1986a, b, 1995; Colwell et al, 1974; Colwell and Naeem, 1979, 

1994; Wilson and Colwell, 1981; Dobkin, 1984, 1985, 1987, 1990; Heyneman et 

al, 1991; Paciorek et al. 1995; Colwell and Naskrecki, in press). Sister genera 

Rhinoseius and Tropicoseius (Baker and Yunker, 1964, as defined by Naskrecki 

and Colwell 1998), together with an ecologically and behaviorally convergent 

lineage within the genus Proctolaelaps Berlese (all three genera are placed the 

mesostigmatic family Ascidae) comprise this ecologically defined group. 

All species of hummingbird flower mites share an obligate 

affiliation with the flowers of hummingbird-pollinated plants and are 
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transported between inflorescences in the nasal cavities of hummingbirds.

Both sexes of most species disperse in this way. Courtship, mating, and 

oviposition occur on the host plant. The affiliation of hummingbird flower

mites with their host plan�s is quite specific and characteristically exclusive,

although some cases of consistent host-sharing are known (Colwell, 1979,

1986a, 1986b). The mites have been shown to prefer the nectar of their own 

characteristic host species to the nectar of the hosts of other hummingbird 

flower mite species in the same assemblage (Heyneman et al. 1991). In 

contrast, the mites are quite opportunistic with regard to hummingbird

carriers. The mites that any given individual hummingbird carries generally

represent whatever mixture of flowers the bird is currently visiting (Colwell,

1973, 1979, 1986a). Thus, although important ecologically a n d

biogeographically, data o n  the hummingbird hosts of hummingbird flower 

mites turns out to be of little evolutionary interest.

Biogeography, host plants and phenology

Hummingbird flower mites are found throughout most of the 

geographical range of hummingbirds (and the plants they pollinate). Ran

ge limits for these mites, as presently known, are posted by Tropicoseius 

species from sites in Arizona and Northern California; central Chile; southern

Brazil; the Ecuadorean altipl�o; Dominica, W. I; and Jamaica. Variation in

the species richness of sympatric assemblages of hummingbird flower mites

parallels that of their host plants and hummingbird carriers (Colwell, 1979).

In lowland rainforest of Trinidad, W. I., for example, 17 species of

hummingbird flower mites coexist (seven species of Tropicoseius and nine

of Proctolaelaps) (OConnor et al., 1991, 1997; Naskrecki and Colwell 1998),

whereas only two species ( Tropicoseius colwelli and Rhinoseius richardsom) are

found at 3,000 m elevation in Costa Rica (Colwell 1973). The host plant 

affiliations of the mites in these two assemblages have been constant for more

than two decades (OConnor et al, 1991, 1997; Naskrecki and Colwell 199

Table 1 lists plant families and genera whose hummingbird

pollinated species typically host hummingbird flower mites. Most of the

families listed, as well as some of the genera (such as Lobelia, Psychotri:r 

and Costus) include species pollinated by other vectors. Table 2 lists plant
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HUMMINGBIRDS AND FLOWER MITES 

families and genera for which the hummingbird-pollinated species examined 

support no hummingbird flower mites. Clearly, there are plant lineages 

that have escaped colonization by these mites, in spite of daily exposure to 

them. The mechanism of resistance is unknown, although there is weak 

evidence that the nectar of some "miteless" hummingbird-pollinated plants 

may repel mites (Heyneman et al, 1991). 

Within a local community in the tropical lowlands, many 

hummingbird flower mite species are monophagous on plants that flower 

all year. Others exploit plants with limited flowering seasons, whether in 

the tropical lowlands or at higher elevations or higher latitudes, by shifting 

between host plants seasonally (Colwell and Naeem, 1994), just as their 

hummingbird carriers are well known to do (Wolf et al, 1976; Feinsinger, 

1976, 1978, 1980, 1987; Feinsinger and Colwell, 1978; Feinsinger et al., 1979). 

At least one flower mite species, Tropicoseius chiriquensis, is a long-distance 

seasonal migrant - as a passenger on migrating hummingbirds (Colwell 

and Naeem, 1979). Some species of hummingbird flower mites that are 

monophagous locally, inhabit related plant species or even unrelated ones 

in other localities. For example, in the well-studied Trinidad assemblage 

(Colwell, 1986a; Dobkin, 1984, 1985, 1987, 1990; OConnor et al ., 1991; 1997), 

T. heliconiae is known exclusively from Heliconia psittacorum (among native

plants; it is also found in Trinidad in cultivated bromeliads), although three

other species of Heliconia grow in the same or adjacent habitats. On a

broader geographical scale, however, there are records of T. heliconiae from

nine other species of Heliconia elsewhere, as well as from several other

plant genera (Naskrecki and Colwell, 1998).

Competition between hummingbirds and mites 

In spite of their great difference in size (the smallest 

hummingbird weighs 105 times the largest flower mite), hummingbirds 

and flower mites compete intensely for nectar. To investigate the 

potential for competition, I carried out quantitative field experiments 

with the mite Proctolaelaps kirmsei and (primarily) the Crowned 

Woodnymph Thalurania colombica, both feeding on flowers of the plant 

Hamelin patens (Rubiaceae) in Costa Rica (Colwell, 1995). 
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Typically, the size of each local mite breeding group, founded by 
a few adult mites disembarking from hummingbirds into in the first flowers 
of an inflorescence, quickly levels off, with an estimated carrying capacity 
of about 34 mites per inflorescence (Colwell and Naeem, 1994), but 
inflorescences with more than 100 mites are not uncommon. Although 
dispersal on hummingbirds is an essential component of the fitness of 
these breeding groups, most individuals probably spend their entire life 
(about two weeks) on their natal inflorescence. Each evening, the mites on 
each inflorescence gather near the buds that will open after midnight 
(Colwell, 1985). As soon as the flowers begin to open, the mites rush into 
them, where they mate and eat pollen (Paciorek et al 1995). Nectar feeding 
begins as soon as the nectaries begin to function, about dawn. 

T he exper iments involved three treatments: (1) normal 
inflorescences, inhabited by natural populations of mites and open to 
hummingbird visitation, (2) inflorescences with natural populations of mites, 
but covered with mesh bags the night before to keep hummingbirds out; 
and (3) inflorescences from which both mites and birds were excluded by 
bagging several days earlier, before the first flower appeared. Floral nectar 
was measured and mites censused in the early morning for flowers in each 
treatment, in a replicated ANOVA design (days x trees x inflorescences x 
treatments). 

The results showed that normal, intra-floral populations of this 
mite are capable of consuming about 40 percent of the nectar production 
of the plant. Hummingbirds (and a few insect visitors) consume an 
additional 45%. Individual trees in the study differed significantly and 
independently in both nectar production and mite population density. As 
well as establishing the potential for strong competition between 
hummingbirds and mites for nectar, these results help establish 
hummingbird flower mites as significant plant parasites - especially 
considering their concomitant role as voracious consumers of pollen 
(Paciorek et al, 1995). 

A caveat for floral ecologists, pollination biologists, and 
investigators of hummingbird energetics is worth adding here. To measure 
the true nectar production of hummingbird-visited flowers, it is essential 
to exclude not only the birds, but also any flower mites that may inhabit 
the inflorescences. These results cast doubt on the accuracy of any published 
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HUMMINGBIRDS AND FLOWER MITES 

values for nectar production for hosts plants of hummingbird flower mites, 

unless the mites were somehow specifically eliminated or excluded from 

the flowers measured. Simply bagging an inflorescence the night before 

measuring nectar volume is not sufficient, even if new flowers appear each 

day, since most mites enter newly opened flowers on foot from the 

inflorescence bracts. The best way to eliminate the effect of mites on nectar 

volume is to bag and Tanglefoot the peduncle of inflorescences before they 

open. Alternatively, inflorescences already in flower may be bagged and 

Tanglefooted, then each new flower removed along with its mites until no 

more mites appear in new flowers. This process may take a week or more, 

since eggs will continue to be laid until all adult females are removed and 

will continue to eclose for 2-3 days after females are absent. 

Morphology 

Body size and resource supply 

Hummingbird species vary an order of magnitude in body size, 

from the tiny 2g Calypte helenae (Bee Hummingbird, Cuba), Acestura bombus 

(Little Woodstar, Ecuador and Peru), and Thaumastura cora (Peruvian 

Sheartail, Peru), to the 20 g Patagona gigas (Giant Hummingbird, Ecuador 

to Chile) - although the second largest species, Pterophanes cyanopterus 

(Great Sapphirewing, Colombia to Bolivia), weighs only 12 g. Bill length 

varies allometrically with body size, with an exponent (allometric coefficient) 

of 0.71. For isometry, the exponent would be only 0.33. In other words, a 

larger species of hummingbird generally has an even longer bill than a 

photographic enlargement of a smaller species would have, matched for 

body size with the larger bird (Colwell, unpublished data). 

It is well established that longer-billed hummingbirds tend to 

feed from larger flowers (flowers with deeper corollas) (Feinsinger 1976, 

1987; Feinsinger and Colwell, 1978; Grant and Grant, 1968; Johnsgard, 1983; 

Stiles, 1975, 1978, 1980). It is also clear, that, overall, larger flowers produce 

more nectar (Feinsinger and Colwell, 1978, Cruden et al, 1983). Therefore, 

although the picture is complicated somewhat by the spatial distribution of 

flowers, larger hummingbirds tend to feed on richer sources of nectar (Brown 

et al., 1978). Adult hummingbirds also capture spiders and flying insects as 
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a source of proteins, fats, and other nutrients, but the size of prey taken is 
not known to be correlated with body size or bill size, since prey are 
captured by "gaping" in flight. Although the diet of nestling hummingbirds 
is rich in insects and arachnids, which the female must capture on the wing 
(Johnsgard, 1983), nectar is the principal caloric source for adults (Wolf and 
Hainsworth, 1972, Brown et al, 1978). 

Flower mite species show similar patterns of morphology in 
relation to resource supply. Among the Tropicoseius and Rhinoseius flower 
mites discussed here (the third genus, Proctolaelaps, is still under study) 
body size (length of the idiosoma) varies from 0.48 mm ( Tropicoseius kresst)
to 0.73 mm (Tropicoseius colwel/1); in mass equivalents, the largest species is 
about 3.5 times as large as the smallest. As with hummingbirds, mite body 
size is positively correlated with flower size (Colwell, 1986b, Colwell and 
Naeem, 1994), and thus with nectar production of mite host flowers. The 
number of adult mites per inflorescence also varies with flower size, with 
more mites on larger flowers (Colwell and Naeem, 1994). This means that 
the total biomass of mites, per inflorescence, increases with flower size. 
Hummingbird flower mites also consume pollen (Paciorek et al,. 1995). 
Like nectar production, pollen availability is likely to be correlated with 
flower size, although I have not been able to find any data to test this 
supposition. 

A second possible explanation for the correlation between body 
size and resource supply is behavioral. Just as in most species of 
hummingbirds, individual flower mites vie with one another aggressively 
for nectar and pollen (Colwell 1985, 1986b). To the degree that larger 
individuals are more successful at garnering or protecting resources, larger 
body size might be favored by natural selection - but only up to the limit 
set by a given resource level (flower size). Thus, regardless of ancestral 
body size, species may evolve towards smaller size to exploit poorer 
resources (smaller flowers) within the energetic constraints they impose, 
while other species evolve towards larger size, where resources can support 
it, through behavioral selection. (The role of sexual selection in the evolution 
of body size is discussed later in this paper). 

Other factors may also enter into the correlation between body 
size and flower size. In the case of hummingbirds, selection for longer bills 
to exploit deeper flowers may increase body size as a correlated genetic 
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response. In fact, as mentioned earlier, bill length is partially unlinked from 

body, size, since the allometric coefficient (0.71) is more than twice the 

. expected isometric level (0.33), and there is much variation about the 

regression line but this effect may still play a role. In the case of the mites, 

the intra-floral physical environment may contribute to selection for smaller 

body size in smaller flowers, since the mites must be able to move freely 

among the floral sexual organs (filaments and pistil) to reach the nectaries 

(Colwell, 1986b; Colwell and Naeem, 1994). 

Allometry for sexual size dimorphism: Rensch's Rule 

In the majority of avian and mammalian lineages, males tend to 

be larger than females. Among most species on Earth, however, including 

fish, amphibians, reptiles, virtually all invertebrate lineages, and a few 

groups of birds and mammals, females are generally larger than males -

often very much larger (Darwin, 1874; Ghiselin, 1974; Abouheif and 

Fairbairn, 1997). In addition to these general patterns, sexual size 

dimorphism may vary allometrically among species. In other words, larger 

species may tend to be either more dimorphic (hyperallometry) or less 

dimorphic (hypoallometry) than smaller species. 

Rensch (1960) proposed that hyperallometry is characteristic of 

clades in which males are larger than females, where as hypoallometry is 

the manifested by clades in which females are the larger sex. "Rensch' s 

Rule" (Figure 1) has been demonstrated for a number clades in both 

categories, rejected for some others, and has collected a great variety of 

proposed explanations. After reviewing the literature, performing additional 

statistical tests on published and new datasets, and carrying out a meta

analysis, Abouheif and Fairbairn (1997) and Fairbairn (1997) concluded 

that Rensch's Rule is quite general and highly significant, overall. For most 

groups these authors examined, however, sexual size dimorphism does not 

span both sides of gender size equality - either all species in a clade have 

males as large or larger than females (e.g., gamebirds, primates) or the 

reverse (e.g., waterstriders - Gerridae; Fairbairn and Preziosi, 1994). This 

leaves open the possibility that different explanations might account for 

the two categories of allometry. Moreover, these authors note that statistical 

support for allometry in sexual size dimorphism is considerably stronger 

for the male-larger category. 
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Nonetheless, based on a rigorous, phylogenetically-corrected 
statistical analysis, Abouheif and Fairbairn (1997) documented a few cases 
of statistically significant "mixed" allometry for sexual size dimorphism 
within a clade (e.g., colubrid snakes). In these examples, the raw data 
points (species) can be roughly divided into two moieties: larger species, in 
which males tend to be the larger sex, and smaller species, in which females 
tend to be the larger sex. Abouheif and Fairbairn (1997) do not state, in 
these cases, whether both moieties of the sample contribute equally to the 
significant allometric regression. 

Allometry for sexual size dimorphism in hummingbirds and mites 

Both hummingbirds and hummingbird flower mites are generally 
sexually dimorphic in size. Moreover, in both groups, males are larger than 
females in some species, whereas females are the larger sex in other species. 
Remarkably, despite the apparent rarity of such cases, both hummingbirds 
(Colwell, unpublished data) and hummingbird flower mites (Colwell and 
Naskrecki, in press) demonstrate "mixed" allometry for sexual size 
dimorphism, with significant statistical support for Rensch's Rule in both 
clades, based on phylogenetically-corrected tests. 

This pattern has not been previously noted for any other group 
of mites, to the best of my knowledge. For hummingbirds, however, 
Lasiewski and Lasiewski (1967) were apparently the first to note that males 
are larger than females in larger species, and females larger than males in 
smaller species, although they provided only anecdotal data to support 
this observation. Payne (1984) appears to be the first to publish data, for 32 
species, showing that size dimorphism in hummingbirds depends upon 
body size, but he did not perform any statistical tests or correct for 
phylogenetic autocorrelation. Abouheif and Fairbairn (1997) found statistical 
support for Rensch's Rule for 14 species of North American hummingbirds, 
using independent contrasts based on a "highly tentative" (Johnsgard, 1983) 
phylogenetic hypothesis. 

The best way to visualize data for allometry in size dimorphism 
is to plot female size vs. male size, as in Figure 1. Plotting the logarithms 
of size is a natural way to normalize the size distributions. The data for 
mites appear in Figure 2, and the data for hummingbirds in Figure 3. In 
these plots, each dot represents one species. In each case, the major axis 
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(PCl, Model II) regression line has a slope less than unity, indicating 

conformity with Rensch's Rule (the slope is 0.72 for mites and 0.90 for 

hummingbirds). The statistical significance of these relationships, however, 

cannot be legitimately assessed for the raw, species-level data, shown in 

Figures 2 and 3, since nearby points are likely to represent closely related 

species whose common ancestor shared a similar pattern of sexual 

dimorphism. Thus the raw data may inflate the true sample size for 

independent evolutionary events. 

These results continue to be fully supported, however, after 

correcting for phylogenetic correlation by applying Felsentein's method of 

phylogenetically independent contrasts (Felsenstein, 1985; Grafen, 1989; 

Garland et al, 1992; Pagel, 1992), as implemented by Purvis and Rambaut 

(1995). (Details of this work will appear elsewhere). For the mites, I relied 

on the phylogenetic hypothesis of Naskrecki and Colwell (1998). The mite 

body size data for this study were log-transformed measurements of the 

length of the idiosoma, from mounted specimens for 37 of the approximately 

70 known species, both sexes, based on means of 2 to 10 specimens per sex 

per species. For hummingbirds, a partially resolved, approximate phylogeny 

was structured around the major clade phylogenetic hypothesis of Bleiweiss 

et al (1997), with additional genera placed in the Bleiweiss phylogeny based 

the work of Zusi and Bentz (1982), Gill and Gerwin (1989), Peters (1945), 

Morony et al (1975), and Gerwin and Zink (1989). Hummingbird body size 

data for this study were log-transformed live field weights or weights from 

museum leg tags for 153 of the approximately 330 known species of 

hummingbirds, based on means of 1 to 6 specimens per sex per species. 

With independent contrasts, the slope for mites was 0.79 (P = 

.0020, df = 35), compared with 0.72 for tip values (Figure 4). For 

hummingbirds, the slope for independent contrasts was 0.84 (P = .0002, df 

= 66) compared with 0.90 for tip values, providing strong statistical support, 

indeed, for Rensch's Rule. 

Energetics and sexual selection in hummingbirds and mites 

Mating systems among hummingbirds (Johnsgard, 1983; Payne 

1984) and hummingbird flower mites (Colwell, 1985; Colwell and Naeem, 

1994; Colwell and Naskrecki, in press) share a number of characteristics. 

Both groups mate promiscuously or polygynously, and males generally 
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have no role in reproduction aside from courtship and mating (male parental

care is known in a very few hummingbird species). 

In many hummingbird species, males defend feeding territories 

through energetically costly aerial chases, threats, and even physical combat. 

Although, in some species, females defend feeding territories as well (Wolf 

and Stiles, 1970; Stiles, 1973; Carpenter, 1976; Kodric-Brown and Brown, 

1978; Colwell, 1989), as a generality males spend more time and energy in 

territory defense, in species that are territorial. Energetic costs to males are 

amplified in some species by higher wing-loading in males than in females 

(Feinsinger and Chaplin, 1975; Kodric-Brown and Brown, 1978, Feinsinger 

and Colwell, 1978). In flowers, male hummingbird flower mites chase and 

attack other males, and engage in frenetic and prolonged "hand-to-hand" 

battles, locked together. Males of some species even attack and kill mites 

of other species (Colwell, 1973, confirmed by observations in many 

subsequent years). In contrast, the female mites are quite placid at all times 

within the flower, moving rapidly only when mounting or dismounting 

from a hummingbird's bill. 

Courtship behavior in both groups exacts a considerably greater 

energetic cost on males than on females. Males of some species of 

hummingbirds are famous for their energetically costly aerial displays. In 

other species, males display actively on leks many hours per day (Payne, 

1984 reviews the literature; see also Tyrrell and Tyrell, 1990). Females, 

meanwhile, generally spend much of their time during courtship observing 

from a perch. Among the mites, males actively court relatively stationary 

females, moving rapidly among a group of them, tapping and stroking 

each female with the first pair of legs and attempting to mount many times 

for each successful mating. T he high activity level of males is amplified by 

the sex ratio, which is generally female biased in these mites (Colwell and 

Naeem, 1994). 

Both hummingbirds and mites, then, present the classic conditions 

for intrasexual selection among territorial and fighting males, as well as 

intersexual selection, by female choice of mates (Kirkpatric, 1982). T here is 

abundant morphological evidence of sexual selection in both groups, quite 

apart from sexual size dimorphism (which will be treated in the next section.) 

Most hummingbird species of the large subfamily Trochilinae (nearly 90% 

of the family) are sexually dimorphic in coloration, and males of many 
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species are famous for the elaborate ornamentation and showy modifications 

of plumage (Skutch, 1973; Payne, 1984). Male hummingbird flower mites 

bear elaborate, species-specific patterns of setation, distinct from their 

respective females. The spermatodactyl (male inseminating apparatus) of 

closely-related species often differs in striking and seemingly arbitrary ways, 

and the legs of many species are highly modified for fighting with other 

males (Naskrecki and Colwell, 1998; Colwell and Naskrecki, in press). 

A functional hypothesis: Allometry for sexual size 

dimorphism in resource-limtfed species 

According to quantitative genetic theory, males and females are 

expected to adapt independently to net selection acting on each sex (Lande, 

1980; Fairbairn, 1997). Given the pattern of allometry for sexual size 

dimorphism documented here for hummingbirds and hummingbird flower 

mites, males and females in these groups have clearly been subject to 

different patterns of selection. I propose the following hypothesis to account 

for these patterns. 

Premise 1: Body size scales with resource density. The first 

premise is that, in severely resource-limited species such as these, maximum 

body size is constrained by the density of resources to which each species 

has reliable access, with the result that the spectrum of body sizes within 

clades reflects differential adaptation to the spectrum of resource densities 

in nature (see "Body size and resource supply," above). In evolutionary 

terms, the resource spectrum is a source of diversifying selection on body 

size for both sexes, in these groups, and is thus potentially the primary 

source of the observed correlation in body size between the sexes. 

Premise 2: Sexual size dimorphism is a product of sexual 

selection. The second premise is that male body size in hummingbirds and 

mites has been influenced by sexual selection (differential mating success), 

whereas female size represents an optimum under natural selection for 

survival and reproduction (including parental care, in the case of female 

hummingbirds), for a given resource density. Although no experimental 

evidence exists for either part of this premise, it is in accord both with 

theory and with the results of many studies in other groups with polygynous 

or promiscuous mating systems (Fairbairn, 1997). In evolutionary terms, 

this premise makes the claim that differences between the effects of sexual 
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selection on males and reproductive selection on females account for the 

pattern of dimorphism that is superimposed upon the resource-based size 

spectrum in these groups, and may amplify that pattern. 

Premise 3: Mating costs are higher, per gram per day, for males 

than for females. The third premise is that males in these groups, regardless 

of body size, require more energy per unit body weight per day than 

females of comparable size (Figure 2), during episodes of courtship and 

mating - the success or failure of which, of course, is crucial to male 

fitness. Because of the extremely high metabolic rates of male hummingbirds 

and mites during these activities, metabolic reserves are insufficient to 

support them over the extended periods they typically occupy. Instead, 

male activity costs must be supported by foraging breaks during periods 

of courtship and mating, whether it means leaving a territory temporarily 

undefended, leaving a lek to visit flowers elsewhere (Stiles and Wolf, 1979; 

Johnsgard, 1983), or leaving a potential mate unattended. Reproductive 

costs of females may be higher or lower than for males, per unit time, 

when averaged over the adult lifetime. (I can find no data on this point for 

either group). But, in contrast to males, the energy to cover these costs may 

be accrued or amortized over longer periods of time. Indeed, incubation 

and fledging times for hummingbirds are considered quite long, for birds 

of this size, and may be adjusted depending upon ambient temperature 

and availability of resources (Johnsgard, 1983). 

Inference 1: Sexual selection can favor larger or smaller males. 

Given the second and third premises, above, sexual selection on males 

must have two, opposing components. In male-male interactions (intrasexual 

selection), it is reasonable to assume that larger males have an advantage, 

both in presenting effective threats and in actual combat - even in species 

in which males are smaller than females (Fairbairn and Preziosi, 1994). (It 

is also possible that larger males are preferred by females over smaller 

males or are better than small males at overpowering females, but these 

intersexual components of selection are not essential to the argument). 

Opposing sexual selection for larger males is the advantage that 

smaller males gain by requiring less frequent interruptions of territory 

defense, mate defense, or courtship and copulation to replenish energy 

stores, as outlined in Premise 3. This component of selection, known as the 

"Ghiselin-Reiss small-male hypothesis," has considerable statistical, and 
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some experimental support for individual species in which females are larger 

than males (reviewed by Blanckenhom et al, 1995), but has not, to my 

knowledge, been previously incorporated in functional explanations of 

allometry for sexual size dimorphism. It is, in principle, a mixture of intrasexual 

selection (if smaller males thereby gain an advantage in territorial or mate 

defense against larger males), and intersexual selection (if smaller males are 

able to lek, court, or copulate longer between foraging bouts than larger 

males), but for simplicity, I will treat this component as largely intersexual. 

In hummingbirds, there may actually be some ontogenetic support 

for this premise. In certain species in which adult males are smaller than 

females, wing length in males actually decreases shortly before the breeding 

season (reviewed by Payne, 1984). If male weight also decreases (weight is 

much harder to measure accurately than wing length, and has apparently 

not been reported), this would certainly be strong evidence for sexual 

selection as a cause of smaller male body size. 

Inference 2: The balance of sexual selection on males depends 

upon resource density, and thus on body size, producing a pattern 

consistent with Rensch's Rule. Clearly, the balance between intrasexual 

selection for larger male size and intersexual selection for smaller male size 

depends upon the importance of energetic limitations on male activity. In 

fact, other things being equal, the selective advantage of smaller males 

should decline with higher resource density, whereas there is no reason to 

expect the advantage of larger size to be correlated with resource density 

at all. (The tempting notion that higher resource densities might be more 

likely to support territoriality in hummingbirds, and thus stronger 

intrasexual selection for male size, is contradicted by the evidence: 

territoriality is not correlated with body size, nor, therefore, with the density 

of available resources, in hummingbirds [Payne, 1984].) 

If we accept female size, or, alternatively, intersexual mean size as 

a measure of the optimum body size for each species under natural selection, 

then the expectation is that sexual selection potentially adds a net negative 

component to natural selection on male size at the lowest resource densities 

and a net positive component at the highest resource densities, with a 

shifting balance in between. In other words, male size is expected, under 

this model, to vary more among species than female size, in a manner 

consistent with Rensch's Rule. 

77 



A ORNITOLOGIA NO BRASIL 

That the pattern encompasses both female-biased and male-biased 

size dimorphism, with size monomorphism in between, rests on Premise 3 

- that breeding males require more energy per unit body weight, per day,

than females of comparable size. In principle, males can pay the extra cost

either by being smaller than females and gathering resources at the same

total rate as females, or by being the same size or larger than females and

gathering energy at a higher total rate than females. At the very lowest

resource densities, female body size presumably represents not only the

smallest female size for the clade, but the largest size those resource densities

will support (Brown et al, 1978). Thus, males must be even smaller than

these smallest females, since females are already gathering resources at the

maximum rate for the lowest resource densities. At the high end of the

resource density spectrum, in contrast, females need not reach the maximum

size supportable, whereas sexual selection would be expected to push males

towards this size.

Inference 3: Stabilizing selection on female size would amplify 

the pattern. If the premises and the foregoing arguments are correct, then 

stabilizing selection on female size, constraining evolutionary divergence 

in this trait, is not necessary to explain the observed patterns for these 

groups. That does not mean, of course, that such selection does not, in fact, 

occur. Stabilizing selection on females would certainly amplify any allometry 

of sexual size dimorphism due to effects of sexual selection on males, in 

conformity with Rensch's Rule. In fact, if Premise 1 (that body size scales 

with resource density) is correct, then stabilizing selection on female body 

size, alone, could account for such a pattern (Fairbairn, 1997). 

Several authors (see Payne, 1984) have argued that, in the smallest 

hummingbirds, metabolic constraints prevent females from becoming as 

small as males (male size, by this argument, would be set by natural 

selection). Lasiewski and Lasiewski (1967) and Brown et al (1978) point out 

that the metabolism of smaller birds is greater on a weight-specific basis, 

and they produce heavier eggs per unit body weight than larger birds. 

Lasiewski and Lasiewski (1967) conclude, "Perhaps the body weight attained 

by males of the smaller species ... [is] below the optimal size required for 

egg production and rearing of the young". (A similar argument could 

probably be supported for hummingbird flower mites.) At the other end of 

the size scale, perhaps the fact that hummingbird clutch size is constant at 
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two eggs per clutch over the entire family (covering an order of magnitude 

in body mass) suggests that stabilizing selection (or some "phylogenetic 

constraint") limits body size divergence in the clade. If so, then females of 

larger species may, in fact, be smaller than resource densities would allow, 

because of the efficiency of producing the same sized clutch of relatively 

smaller eggs (and nestlings), in relation to their body size. 

Summary of the hypothesis. When species are restricted 

by morphology or behavior to using a limited range of resource 

densities, natural selection tends to diversify body size among 

species. If mating is promiscuous or polygynous, sexual selection 

for larger males may be expected, but may be opposed by sexual 

selection for smaller males, if males must interrupt defense, 

courtship, or mating to feed themselves. Selection for larger males 

should predominate in species exploiting high resource densities, 

whereas selection for smaller males should be more common in 

species restricted to low resource densities. If female body size 

divergence is directed by natural selection based solely on resource 

densities, then allometry for sexual size dimorphism conforming 

with Rensch's Rule must result. Stabilizing selection on female size, 

if it occurs, will amplify this pattern. If the resource density spectrum 

is broad enough, both the female-biased and male-biased ends of 

the size dimorphism spectrum should occur in the same clade. 
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RESUMO. Beija-flores e acaros de flores: contrastes e con

flitos entre dois consumidores de nectar. Acaros de flores visitadas por 

beija-flores se alimentam e se reproduzem exclusivamente em flores de 

plantas polinizadas por beija-flores e ativamente sobem nas aves para 

serem transportados entre inflorescencias e plantas. Esses acaros, consu

midores vorazes de p6len e nectar, podem ser importantes parasitas de 

plantas, mas tambem competem com beija-flores por p6len e nectar das 

plantas das quais ambos dependem. A selec;ao natural e sexual surgida 

da interac;ao entre a fenologia da planta, o tamanho da flor e as taxas de 

produc;ao de nectar modelaram a morfologia e o comportamento de 

beija-flores e de acaros de flores. As estrategias de forrageamento de 

beija-flores e os padroes de afiliac;ao de hospedeiros nos acaros sao res

postas adaptativas a estes fatores. A interac;ao entre a selec;ao natural e 

a selec;ao sexual produziu paralelos notaveis na alometria do dimorfismo 

do tamanho corporal, tanto nos beija-flores quanto nos acaros, demons

trando a Regra de Rensch (femeas maiores do que machos em especies 

pequenas, machos maiores que femeas em especies grandes) em um 

nivel mais marcante do que em quaisquer outros taxons conhecidos por 

possuirem este fenomeno. 
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Dicotyledonae

Acanthaceae: Aphel.

Apocynaceae:Man

Bignoniaceae: Pac

Carnpanulaceae: Bu

Macleania, 

Symphysia, 

Fabaceae: Erythrina

Gentianaceae: Symbol.

Gesneriaceae: A/lop�

Lythraceae: Cuphea

Onagraceae: Fuchsia (

Scrophulariaceae: Casti

Monocotyledonae

Arnaryllidaceae: Bomarea

Brorneliaceae: Aechmea 
,

Costaceae: Costus

Heliconiaceae: Heliconia

Marantaceae: Ca!athea

Rapateaceae: Guacamaya,

Zingiberaceae: Renea/mia
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HUMMINGBIRDS AND FLOWER MITES 

Table 1: Known host plant families and genera of hummingbird flower mites 
(Mesostigmata: Ascidae: Rhinoseius, Tropicoseius, 

and Procto!oe!ops). 

Dicotyledonae 

Acanthaceae: Aphelandra (one species only) 

Apocynaceae: Mandevil/a 

Bignoniaceae: Pachyptera 

Campanulaceae: Burmeistera, Centropogon, Lobe/ia, Siphocampylus 

Cucurbitaceae: Psyguria 

Ericaceae: Anthopterus, Cavendishia, Ceratostema, Disterigma, 

Mac/eania, Plutarchia, Psammisia, Sphyrospermum, 

Symphysia, Thibaudia, Vaccinium 

Fabaceae:Erythrina 

Gentianaceae: Symbolanthus 

Gesneriaceae: Alloplectus, Bes/eria, Co/umnea, Dalbergaria 

Lythraceae: Cuphea 

Onagraceae: Fuchsia (one species only) 

Rubiaceae: Hamelia, /sertia, Pa/icourea, Psychotria (= Cephaelis) 

Scrophulariaceae: Castilleja 

Tropaeolaceae: Tropaeolum 

Monocotyledonae 

Amaryllidaceae: Bomarea 

Bromeliaceae: Aechmea, Gravisia, Guzmania, Pitcairnia, Puya, Tillandsia 

Costaceae: Costus 

Heliconiaceae: Heliconia 

Marantaceae: Calathea 

Rapateaceae: Guacamaya, Kunhardtia 

Zingiberaceae: Renealmia 
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Table 1: Known host plant families and genera of hummingbird flower mites(Mesostigmata: Ascidae: Rhinoseius, Tropicoseius,and Procto!oe!ops).
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Table 2: Families and genera for which hummingbird-pollinated species are not known to 
support hummingbird flower mites, on the basis of species examined. 

Dicotyledonae 

Acanthaceae: Aphelandra (with one known exception), Justicia, 

Odontonema, Pachystachys 

Asteraceae: Dahlia 

Bignoniaceae: Campsis, Tabebuia 

Convolvulaceae: lpomoea 

Lamiaceae: Salvia 

Loranthaceae: Psittacanthus 

Malvaceae: Malvaviscus, Hibiscus 

Marcgraviaceae: Marcgravia 

Melastomataceae: Miconia 

Onagraceae: Fuchsia (with one known exception) 

Orchidaceae: Epidendrum 

Passifloraceae: Passiflora 

Ranunculaceae: Aquilegia 

Saxifragaceae: Escallonia, Ribes 

Scrophulariaceae: Lamourouxia, Mimulus, Penstamon, Russe/ia 

Solanaceae: Cestrum 

Verbenaceae: Raphithamnus, Stachytarpheta 
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Table 2: Families and genera for which hummingbird-pollinated species are not known tosupport hummingbird flower mites, on the basis of species examined.
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Figure 1: Rensch's Rule for allometry of sexual size dimorphism. Species with 
males and females of equal size lie along the broken line (slope equals 1, no size 
dimorphism). Above the broken line, females are larger than males; below it, 
males are larger than females. If the slope of the relationship between the log of 
female size and the log of male size is less than 1 in such a plot, as shown by 
the solid line, then in smaller species females are larger than males, whereas in 
larger species males are larger than females - -a relationship called Rensch's 
Rule (Figure after Abouheif and Fairbairn, 1997). 
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Figure 2: Female weight vs. male weight for hummingbirds (both variables na
tural log transformed). Points represent species means for 153 species of 
hummingbirds. The broken line represents size equality for males and females of 
each species. The solid line is the major axis (first principle component) fitted to 
these data, with the slope (0.84) determined by phylogenetically independent 
contrasts (P = .0002 for the null hypothesis of a slope of 1.0, df = 66). Rensch's 
Rule is thus strongly supported for hummingbirds. 
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Figure 3: Female size (length of idiosoma in micrometers) vs. male size for 
hummingbird flower mites (both variables natural log transformed). Points 
represent species means for 37 species of mites. The broken line represents size 
equality for males and females of each species. The solid line is the major axis 
(first principal component) fitted to these data, with the slope (0.79) determined 
by phylogenetically independent contrasts (P = .0020 for the null hypothesis of 
a slope of 1.0, df = 35). Rensch's Rule is thus strongly supported for hummingbird 
flower mites. 
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