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I. Intr oduction 

Hummingbirds and the nowers that they pollinate provide an unambiguous exam
ple of mutualism. In many cases the associations present clear evidence of 
coevolution, in the strictest sense of the term (e.g. Colwell 1989). Certain species 
of mites (hummingbird nower mites) exploit this bird-plant mutualism, with 
known examples throughout most of the geographic range of the hummingbirds 
(Trochilidae), which spans the New World from Alaska to Tierra del Fuego 
(Colwell 1985). This ecologically-defined group of gamasid mites (all within the 
Ascidae) encompasses all described species of the genus Rhinoseius, which 
inhabit a zone from northern California to central Chile, plus a diverse tropical 
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lineage within lhe genus Procrolae/aps. These two ecologically similar lineages 
have spawned an impressive adaptive radiation of species (Colwell 1979). 

To date, only 46 species of hummingbird flower mites have been described 
(Baker and Yunker 1964; Dusblibek and Cemy I 970; Hunter 1972; Fain et al. 
1977a, 1977b; Flechtmann and Johnston 1978; Hyland et al. 1978; Colwell 
and Naeem 1979; Fain and Hyland 1980; Micherdzinski and Lukoschus 1980· 
Zamudio 1985; OConnor et al. 1991 ). Additional specimens are currently unde; 
study that represen1 collections from 50 hummingbird species and over 100 plant 
taxa ( 17 different families). Moreover, many geographical areas (including most 
of the Amazon) remain entirely unexplored for hummingbird flower mites. 

Hummingbird flower miles feed and mate within the floral corolla, and females 
lay their eggs on the host plant. The ontogeny begins with a brief egg stage, 
followed by a six-legged larva, succeeded by an eight-legged protonymph, a 
deutonympha l stage, and then adult males and females. No diapause is known 10 

occu r among these species, and generation time is about a week (Colwell 1973, 
Dobkin 1984). All stages feed on nectar and later stages include pollen in their 
diet as well. 

Although mites move freely on foot among newly opened flowers within an 
inflorescence and rest in refuges beneath bracts or bud-clusters of that inflores
cence (Dobkin 1984), movement among inflorescences or plants is almost exclu
sively by hitch-hiking on hummingbirds (Colwell et al. I 974). The mites ride 
within the nasal cavity of these birds, hut they are not parasitic and have no 
<.lerectable effect on the birds 11n<.ler normal densities ( 1- 15 mites per bird)- a 
clear case of phorcsy (Athias-Binche 1991). 

In this chapter, we will explore the role that the host plant plays in the evolution 
of the life history traits of hummingbird flower mites. We will show that the 
seasonal timing of flowering profoundly affects pallems of host affiliation, 
whereas daily flowering patterns affect the evolution of mite behavior. The size 
of an inflorescence and its phenology play key roles in the population growth and 
dispersal of these mires. Floral morphology affects mite body size and local 
breeding-group size, which in tum lead to adaptive differences among species in 
both the sex ratio of mites within flowers and the sex ratio of dispersers on 
hummingbirds. 

2. Effects of Host-P lant Phenology on Hum mingbird Flower Miles 

2. I Adaptations of Mites to Seasonal Flowering 

The local species richness of hummingbird flower mites ranges from a single 
species, al the latitude of California or central Chile, to some 15 sympatric species 
in lowland tropical forests, such as the Ari ma Valley of Trinidad (Colwell 1986a). 
The annual phenology of plants largely determines patterns of host-plant species 
used by hummingbird flower mites. Each mite species depends upon a clearly 
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delimited host-plant repertoire of one to several species of hummingbird-polli
nated plants. Monophagy is the rule for mites whose host produces flowers all 
year round-a common flowering pattern in some parts of the wet lowland 
tropics. In the Arima Valley of Trinidad, for example, 11 of the 15 sympatric 
hummingbird flower mite species (for which we have adequate data} are monopha
gous. Each has a single host-plant species that flowers throughout the year 
(Colwell 1986a), although there are often distinct flowering peaks and lags 
(Feinsinger et al. 1982). Since hummingbird flower mites have no diapause stage, 
monophagous species can exist only on such reliable host-plant species. 

Where flowering is seasonal (in tropical montane, subtropical, and temperate 
habitats) hummingbird flower mites are almost exclusively polyphagous and 
follow an annual cycle of host shifts. As flowering wanes in one host-plant 
species, they move onto another just coming into bloom. For these "sequential 
specialists," the annual repertoire of movements is usually tied 10 hummingbird 
visitors to these plants, which have the same shifts. 

A less common expression of polyphagy in hummingbird flower mites relies 
on the exploitation of one or two "home base" host-plant species that flower year
round and the additional utilization of one or more secondary hosts that have a 
brief flowering season. Examples include Procto/aelaps certator in Trinidad, and 
Rhinosei11s co/we/Ii and R. richardsoni at Cerro de la Muerte in the Costa Rican 
highlands (Colwell 1973, 1983). 

Among polyphagous species, host-plant utilization appears to be largely uncor
related with host-plant phylogeny. R. c/1iriq11e11sis from Monteverde, Costa Rica, 
for example, occupies five sequential hosts that belong to four different plant 
orders. R. epoec11s, which travels on migrant California hummingbirds, expresses 
a variation on the sequential specialist theme. It has summer host plants in 
California, and shifts between winter host plants and summer ones, in different 
plant families, in west-central Mexico (Colwell and Naeem I 979). In the case of 
monophagous mites, cospeciation in response to the evolutionary divergence of 

. their host plants remains a possibility. An ongoing investigation seeks to explore 
the phylogenetic relationships of the miles in relation to the phylogenetic relation
ships of their host plants to evaluate this possibility. 

Most host-plant species support only a single species of hummingbird flower 
mile, but a few cases of "host sharing" by two species are known. In these cases, 
the role of host phenology is doubly evident. In virtually all known cases of 
host sharing, the two species involved have identical host repertoires, reflecting 
independent evolutionary responses to host phenology. We have documented 
cases of monophagous pairs (e.g. P. contwnex and R . 1111iformis [Fig. 2.1) share 
the plant Cepliaelis muscosa in Trinidad} as well as polyphagous pairs (P. cerrator 
and R. klepricos both share two species of Helico11ia in Trinidad) (Colwell 1986a). 

Like these two examples, all other known cases of regular host sharing also 
involve a species of the genus Rhi11osei11s and a species of genus Procrolaelaps, 
never two species of the same genus. Host sharing is a key piece of evidence in 
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Figure 2. 1. Hummingbird flower mite, a maleRhi11oseius 1111iformis (Gamasina: Ascidae) 
from Trinidad, W.J. This species inhabits the flowers of the plant Cephae/is nwscosa 
(Rubiaceae) and travels between inflorescences primarily on the hummingbird Amazilia 
tobaci. Drawing and copyright by Shahid Naecm. 

support of the hypothesis that the host range is narrowed and that host fidelity is 
amplified in these mites by selection for mate-finding, using the host plant as a 
congregation cue (Colwell 1986a, 1986h). The constraint that host sharers must he 
11011congeners is explained by the considera ble differences observed in courtship 
behavior and morphology between genera. According to this hypothesis, conge
ners must use different host plants as mate-finding cues to avoid accidental 
matings. 

In contrast lo the strong fidelity that mites have for particular host-plant species, 
their use of hummingbirds for dispersal appears io be entirely opportunistic. An 
individual hummingbird , regard less of species, usually carries a sampling of 
mites from all the host plant species the bird has recently visited. The passenger 
manifest sometimes includes as many as five mite species . Yet each mite disem
barks from the bird only at flowers of the preferred plant species . Behavioral tests 
show that mites prefer the nectar of their usual host-plant species over nectar of 
host plants characteristic of sympatric hummingbird flower mite species, or a 
plain suga r solution (the control) (Heyneman et al. 199 1). 

2 .2 Behavioral Adaptations of Mites to the Phe11ology of lmlivitlual Flowers 

Among plant spec ies, indiviclual floral longev ity generally tends to increase with 
both altitude and latitude (Stratton 1989). Flowers utilized by hummingbird flower 
miles also vary in the period of time they remain in good condition and continue 
to produce nectar. Depending on plant spec ies, some flowers last less than a day 
whereas others may persist for more than a week. In the lowland tropics, very 
few hummingbird-p ollinated flowers last more than a single day (Feinsinger et 
al. 1982, Primack 1985) . 
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Floral longevity profoundly affects the lives of hummingbird flower mites. 
Behavioral differences among mite species, correlated with longevity, appear to 
be clearly adaptive. For example, at Cerro de la Muerte in Cosca Rica (3100 
m), R. co/we/Ii completes its entire life cycle within flowers of two species of 
Centropogon (Lobeliaceae). These protandrous flowers produce nectar for more 
than a week, as they mature from the staminate 10 lhe pistillate stage. R. co/we/Ii 
lays its eggs in communal clusters inside the base of the floral tube, where the 
eggs are bathed in nectar. The eggs require 2- 3 days to hatch (Colwell 1973). In 
lowland Trinidad, the only common plant with flowers that persist for more than 
a day is another species of Ce11tropogo11. The reproductive behavior of its resident 
mite, P. glaucis, is identical 10 that of R. colivelli, even though it belongs to a 
different mite genus. 

In contrast with the persistenl flowers of Ce11tropogo11, some hummingbird
pollinaled plants in the tropics flower before dawn and by ear ly afternoon· not 
only cease producing nectar, but actually shed their flowers. Mite species affiliated 
with these plants clearly would not do well to lay their eggs in these flowers
and indeed they do not. 

In Trinidad, Dobkin ( 1984, 1990) has studied R. trinitatis, which inhabits the 
flowers of Heliconia /rirs11ta (Heliconiaceae). In the morning hours the flowers 
teem with mites, but none can be found in the same flowers later when they fall 
from the plant, almost synchronously , between 1400 and 1500 h. These mites 
retreat lo cincinnal braces of H. lrirs111a to lay their eggs and to await the opening 
of fresh flowers to feed on the following morning. 

The plant H . psiuacornm, home of P. pliaethornis in Trinidad, also drops all 
open flowers each afternoon, but not before the mites abandon the flowers for 
the safety of the inflorescence bracts. When Dobkin (1984) introduced an "alien" 
Proctolaelaps species (P. certator, which had no historical association with H. 
psillacorwn) into the flowers of this Heliconia, the aliens failed to leave the 
flower before excision and ultimately perished. The flowers of the four plant 
species that P. cerrator normally inhabits (Colwell 1986a) all remain on the plant , 
even beyond pollination and wilting. The behavior of P. plraetlwrnis permits it 
to exploi t one-day, deciduous flowers, while the behavior or P. certator makes 
sense in context of the persistent flowers of ils own host plant. 

In Cosca Rica, we have studied in detail the behavior of P. kirmsei, which 
inhabits flowers of Hamelia pate11s (Rubiaceae). In this plant, the tubular flowers 
begin to open al about 0100 h. Mites that had been waiting in groups in the axils 
of the cymose inflorescence rush into the slowly enlarging aperture at the tip of 
the flower as soon as it is wide enough. They immedia1ely begin burrowing into 
the anthers to feed on pollen grains, while dramatically increasing the level of 
social interaction. Most matings take place within the flowers before dawn, as 
nectar begins to flow and hummingbirds begin to visit. By noon, the flowers are 
easily dislodged from lhe plant and many fall to the ground, but by then the miles 
have left the flowers to return to their staging areas in the axils of the inflorescence, 
or beneath the first pairs of leaves, where they lay their eggs (Colwell 1985). 
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Remarka bly, P. kirmsei repealed 1he same lemporal paltern of behavior in a 
comp lele ly arlificial "hab i1a1" (Fig. 2.2A) in a series of experiments conducled 
in a screened laboratory at La Selva Biological Station in Costa Rica, under 
ambient temperature and light condi tions. This apparatus was constructed of a 
lattice of intersecti ng capi llary tubes representi ng 1he "inflorescence." Projecting 
outer tubes represented the "flowers ," wilh fresh, virgin nectar from H. patens 
in their tips; all ocher tubes were dry. P. kirmsei, placed in the Olller ("Oower") 
tubes at the beginning of an experiment, initially moved freely throughou1 the 
lattice. Bui miles !ended to return to the "Oower" lubes at about the same time 
of night (0100-0700 h) that the flowers of H . pate11s were opening outdoors. 
Later , in the middle of the day, they moved back out of the "flower" tubes into 
the lattice as the flowers began 10 fall from the plants outdoors, even though 
plenty of necta r remained in the capillary tubes (Fig. 2.2B). 

2 .3 The Role of Host Phe110/ogy in Mite Pop11latio11 Growth and Regulation 

The rate at which an inflorescence produces flowers varies greatly among plant 
spec ies. Most plants pollinated by hummingbirds in the wet tropics produce one 
or two flowers per inflorescence each day. However, 1he "life time" of any single 
inflorescence usually spans a few weeks and sometimes much longer. Especially 
in plants pollinated by circuit-foraging hummingbirds ("trapline rs," see Fein
singer and Colwell I 978), an individual plant often produces only one flowering 
inflorescence at a time. Some inflorescences, such as those of certain Cost11s and 
Heliconia species, may flower for an entire year. In contrast, plants pollinated 
by territorial hummin gbirds tend to have many inflorescences in flower al once, 
each producing one or a few flowers per day over several weeks. 

In all cases we have studied , it is clear from observations and experiments that 
mites move freely (on foot) between successive ly or simultaneously open flowers 
of the same inflorescence. Phoresy on hummingbirds is the genera l rule for 
movement among inflorescences within a plant , and a necessity for movement 
among plants. Based on 90 individual hummin gbirds representing nine humming
bird species in Trinidad, the number of hummingbi rd flower mites apparently 
averages fewer than five per bird (range 0- 15). In contrast, the total number of 
mites collec ted from all the flowers of an individual hummingbird's exclusive 
territory or on its foraging circu it would be 2-4 orders of magnitude greater than 
the mean number of miles the bird carries at any given moment. The inescapable 
conclusion is that dispersal on birds, however important in the global population 
structure of these mites, is a relatively rare event in the lives of individuals . 
Indeed, the great majority of individual hummingbird flower mites very likely 
never leave their natal inflorescence. 

We have carried out a detailed study of the population structure and dynamics 
of one hummin gbird flower mite, P. kirmse i, at La Selva Biological Station in 
Cosca Rica. Its host plant, H. pa1e11s, an unders lory treelet that can reach 3-4 m 
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Figure 2 .2. Apparatus and results for an experiment demonstrati~g adaptive die! move
ments of hummingbird nower miles in the field laboratory. A) Lattice apparatus. Each of 
nine Plexiglas blocks (50X50X6 mm) had a cenlral chamber (10 mm ID, 3 mm deep), 
wilh four Ja1eral holes drilled to receive standard coagulation capillary tubes (75 mm l?ng, 
I mm JD). Prior to starting an experimenl, each cenlral chamber was covered with a 
circular cover slip ( 18 mm), secured wilh clear tape. To represent "no':"ers," a drop of 
virgin nectar was placed in the distal tip of each of the outer t_ubes, w~1ch were capped 
with Critocap PVC tube closures. Miles were introdu~ed by coax mg I hem. 11110 the uncapped 
end of the lateral tubes before inserting 1he tubes mto the blocks. Mites moved freely 
throughout the sealed lattice during each experiment. B) Proportion of 48 mit~s (Proctolae
laps kirmsei) found within 3 cm of nectar drops at various hours of the day. Mite mov~ment 
in the tubes paralleled the pattern of flower use seen in the field. Having started out '". lhe 
lateral tubes (the "nowers"), the mites !ended 10 move away from lhem at roughly the time 
of day when lheir hosl Howers cease 10 be habitabl~ in lhe ficl_d, returning I~ the lateral 
cubes during the hours when their host nowers begm 10 open m nalure. Solid and open 
points represent two replicates typical of a longer series of experimenls. Shaded bars 
represent nighttime hours. 
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in height, bears from 1- 100 simultaneously flowering inflorescences,depending 
on plant size. The plant flowers all year round, and there is no evidence of 
synchrony in 1he initiation of flowering of different inflorescences on the same 
plant. At the study site, each active inflorescence produces a mean of 1.5 open 
flowers per day (range: 0-5 open flowers per day). The total number of flowers 
produced during the life of an inflorescence is quite variable, ranging from about 
30 (three weeks of flowering) to more than a I 00 (IO weeks of flowering) 
(Newstrom et al., in press). 

One can accurately estimate the number of days since the initiation of flowering 
of an inflorescence of Hamelin (the "age" of !he inflorescence) by summing the 
number the attached fruits and the number of pedicel scars (indicating fruits 
removed by frugivorous birds or ahoned) and dividing by the mean number of 
flowers per day ( I .5 at the study site). Estimating inflorescence age in this manner, 
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we documented the rate of local population growth in inflorescence breeding 
groups by censusing the miles in inflorescences of different ages. To census an 
inflorescence, all open flowers were picked on successive days until no more 
mites were found. The mites from these flowers were tallied by stage and sex. 

Although the great majority of mites were usually collected on the first day, 
newly-hatched larvae and stragglers of later stages often appeared for up to 3-4 
days. After the first day, the inflorescence was covered with a nylon mesh bag 
and the subtending peduncle (inflorescence stem) was ringed with Tanglefoot to 
prevent entry or exit of mites, either on foot or by phoresy on hummingbirds. 

The results of these censuses show a clear pattern of density-dependent popula
tion growth, with no evidence of a "lag phase" (no inflection point) preceding 
the most rapid phase of population growth (Fig. 2.3). We do not yet know 
whether a decrease in birth rate, an increase in mortality, emigration, or a 
combination of these factors accounts for the rapid decline in population growth 
as the population nears its carrying capacity. Nor do we yet know the potential 
sources of mortality. 

Experimental populations were later initiated by allowing hummingbirds to 
visit previously censused and cleared inflorescences, followed by rebagging and 
then censusing at intervals (details to be reported elsewhere). The resulting best
fit population growth curve did not differ significantly from the curve in Figure 
2.2. These experiments also produced an estimated immigration rate from birds 
of only 4-8 mites per day per inflorescence. One day's immigrants from hum
mingbirds were sufficient to initiate inflorescence populations indistinguishable 
from those in Figure 2.28. 

What happens to the mites that remain on an inflorescence of Hamelia after it 
finishes flowering? Because buds are formed several days before opening, it is 
easy to identify an inflorescence that has just one bud left to open before complet
ing its period of flowering. On the morning that the final flower opens, mites 
gather in a dense aggregation at its tip. A twig touched gently to such a flower 
is quickly covered with mites rushing to depart. One might presume that a 
hummingbird's bill receives the same response. In contrast, equally numerous 

· mites inhabiting younger inflorescences can rarely be seen on the flowers at all 
during the day. 

A simple experiment demonstrated the fate of those mites that fail to mount a 
hummingbird's bill from the final flower in a Hamelia inflorescence. Ten such 
flowers were located. Five were left untouched; the peduncles (inflorescence 
stems) of the other five were ringed with Tanglefoot to prevent emigration on 
foot by the mites. No bags were applied in either treatment, leaving all Rowers 
open to visitation by hummingbirds. The final flowers appeared the following 
clay. On the second day, when all flowers had fallen from the inflorescences or 
had wilted, the inflorescences were examined carefully for mites. Jn each of the 
inflorescences that had been ringed wi1h Tanglefoot, we found numerous mites 
wandering actively on the branches of the inflorescence. In contrast, none of the 
control inflorescences had any mites at all. Clearly, the mites in these inflores-
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Figure 2 .3. Density-dependent population growth for inflorescence breeding groups of 
the mite Proctolaela11s kirmsei on the host plant llamelia patens, inferred from censuses 
of groups of different ages. "Breeding group," defined here as the total number of adults 
present (males plus females), is plotted on a logarithmic scale. The flowering age of the 
inflorescence, and thus the age of its group of inhabiting mites, can be estimated from the 
number of fruits plus fruit scars on that inflorescence. At the study site (La Selva Biological 
Station, Costa Rica), the host plant produced an average of 1.5 fruits per day during the 
study, so that 10 fruits approximate a period of one week. TI1e line was litted by nonlinear 
regression (R2 = 0.84) with a least-squares loss function (Wilkinson 1989), with parameters 
rand K estimated from Lhe data: in arithmetic units, r = 1.56 and K = 33.8 mites. 

cences had left on foot to seek their fortunes elsewhere on the plants. The striking 
universality of this emigration behavior suggests that it must sometimes pay off . 

3. Effects or Host-Plant Morpholo gy on Hummin gbird Flower Mit es 

3. I Mite Body Size i11 Relation to Flower Size 

The body size of hummingbird flower mites, as measured by the length of the 
dorsa l shield, varies between 0.3 mm- 0. 7 mm (OConnor et al. 1991 ). The flowers 
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that these mites inhabit range from 10 mm to more than 70 mm, as measured by 
corolla depth . Thal mite size is positively correlated with flower size (Fig. 2.4 ) 
may seem reasonable (an inverse correlation would certainly be more surprising), 
but no explanation for this pattern can be advanced with certainty. Nectar flow 
rate (per flower) is generally correlated with flower size in plants (Cruden et al. 
1983), and physical space inside the corolla is certainly related to tube depth, on 
average. But neither nectar flow rate nor total physical space available provides 
a logical explanation for the relation between mile size and flower size . 

Two anomalous cases present informative exceptions. Both the largest mite, 
Proctolaelaps co11te11tios11s (P. c. in Fig. 2.4) and the smallest mite, P. gla11cis 
(P. g. in the figure), inhabit Rowers of medium length. The um-shaped corollas 
of Renealmia exaltata flowers, however, which are inhabited exclusively by P. 
conte11tios11s, have much greater internal volume than other flowers of medium 
depth that we studied, perhaps pennitting this large mite to prosper. In contrast, 
the corollas of Centropogo11 comwus flowers, inhabited exclusively by P. 
gla11cis, pennit access to the nectaries only through five narrow openings (about 
0.4 mm in diameter) between the bases of the filaments (Colwell 1986b). Visiting 
hummingbirds extract nectar with !heir tongues through these openings; the 
unusually small size of P. glaucis permits the mile to reach the nectar by walking 
through lhem. The body of P. gla11cis is only slightly smaller than the diameter 
of the openings. 

With these clues in mind, we conjecture that (on average) physical constraints 
on movement within flowers scale with flower size such that larger mites are at 
a competitive disadvantage , as compared to smaller mites, in smaller flowers (see 
Kirk 1991). To complete the explanation, though, we must also propose some 
advantage to larger size in larger flowers, or else all mites would do just as well 
to be as small as those in the smallest flowers. Candidate forces include natural 
selection for greater fecundity, for decreased susceptibility to desiccation (Dobkin 
1985) or for faster running, or sexual selection for greater body size through 
female choice or male-male combat (Colwell 1973). 

Selection for faster running might at first seem logical because longer-tubed 
flowers are necessarily visited by longer-billed hummingbirds (Feinsinger and 
Colwell 1978). Thus, mites disembarking at such flowers have farther to run to 
reach a point of contact between bill and corolla, as the bird feeds on the flower. 
On the other hand, visits to larger flowers last longer because larger flowers have 
more nectar to be harvested. This issue clearly cannot be resolved by qualitative 
arguments. 

3 .2 Mite Breeding-Group Size i11 Relation to Flower Size 

Not surprisingly, the more abundant nectar flow and pollen supply of larger 
flowers tend to support a greater biomass of hummingbird flower mites than 
smaller flowers can support. Because mites that live in larger flowers are larger 
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Figure 2 .4. Body size o f hummingbird flower mites as a function of the depth of the 
corolla tube of their host plants. Each point on the graph represents a different species of 
hummingbird flower mite in its characteristic host-plan t species. The regression line and 
sig nificance level indicated were computed for all points, including outliers marked "P. 
c.," which represents Proctolae/aps co111e11tios11s in its host plant Renealmia exa/Jata, and 
"P. g.," which represents P. glaucis in the flowers of its host plant Ce111rop~go11 cor~111111s 
(without these two outliers, r = 0.776, P cac 0.002). These two cases are discussed in the 
text. Corolla tube depth was measured inside each flower, from the deepest point to the 
lower "lip" (in zygomorphic flowers) of the corolla. "Mite size" represents the length of 
the dorsal shield, computed as the intersex mean. The data include all mite species listed 
in Tab le 24.1 of Colwell (1986b) for Arinia Valley, Trinid.id, West Indies, except for 
those with unknown (P. mermillio11) or poorly known (P. plwretirns) host plant s. 
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in body size (Fig. 2.4), however, larger flowers might nonetheless support the 
same number of mites as smalle r flowers. In fact, hummin gbird flower mite 
spec ies th at inhabit larger flowers live in larger groups, as measu red by the 

number of adult mites per inflorescence (F ig. 2.5). This pattern would simply be 

amplified if mites of all species had the same body size. 

3.3 Sex Ratio of Hummingbird Flower Mites In Relation to Breeding -Group 
Size 

The life history consequences of mile breeding-group size (and thus, of host
plant morphology) that we have studied, to date, center on issues of variation in 
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Figure 2 .5. Mean numbers of adult hummingbird flower mites in flowers in relation to 
corolla depth of their host plants. Each point represents a different mile species in a 
characteristic host-plant species. Data include the same species as in Figure 2.4, with the 
addition of species listed for Cerro de la Muerte, Costa Rica, in Table 24. 1 of Colwell 
( 1986b) and Proctolaelaps kirmsei in two secondary hosts in Trinidad. The Y-axis is scaled 
logarithmically; Y-values are estimated as the ant ilog of the mean log number of adults 
per flower in samples of flowers (n = 4-37, depending upon plant species). Corolla length 
was measured as described for Figure 2.4 . 
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sex ratio. Like many other species of mites, as well as other arthropods 1ha1 live 
in small, relatively isolated breeding groups (Hamilton 1967; Wrensch et al., this 
volume), hummingbi rd flower miles have female-biased sex ratios. The degree 
of bias, however, varies greatly among hummingbird flower mile species and 
depends upon the typical size of the inflorescence breeding group (Fig. 2.6), 
defined here as the total number of adults present (males plus females). Mile 
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Figure 2 .6. Sex ratio of hummingbird Hower mites (plotted as proportion males) on their 
host plants in relation to breeding-group size (number of aduhs). Species that live in 
smaller groups have more female-biased sex ratios. The Y-axis is an arcsine-square-root 
scale; Y-values of the points plotted represent arithmetic equivalents of the means of 
arcsine-square-root transformations of the proportion males collected from individual 
inllorescences (the number of inflorescences ranged from 4-37, depending upon plant 
species). The X-axis is scaled logarithmically; X-values of points are estimated as the 
antilog of the mean log number of adults per inflorescence (for the same samples used for 
Y-values). The points represent the same species as in Figure 2.5, except that the data for 
Proctolnelnps kirmsei on its alternate hosts are not included. 
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species lhat breed in small groups (in small flowers) have much more female
biased sex ratios lhan mites lhat live in larger groups (in larger flowers). Species 
with the largest groups of all, such as Rhinosei11s jidelis, which live in groups of 
up to 1,000 adults (mean about 100) in the giant flowers of Costus arabic11s (= 
C. niveo-purp11rea of Colwell 1986a) in Trinidad, have nearly equal numbers of 
male and females. 

Unlike certain wasps (e.g. Werren 1980, Herre 1985), hummingbird flower 
mites show no correlation, within species, between breeding-group size and sex 
ratio. The characteristic sex ratio of each hummingbird flower mite species is 
apparently a fixed adaptive response lo the average conditions the species encoun
ters, rather than the expression of an adaptive capacity for facultative sex-ratio 
adjuslmenl. 

Why should mites living in smaller groups have more female-biased sex 
ratios? Fisher ( 1930) showed Iha!, in a random-mating population, a female can 
maximize her fitness, as measured by copies of her genes among grandprogeny, 
by producing half daughters and half sons. Colwell ( 1981) demonstrated that 
Fisher's conclusions apply with equal force within random-mating, finite groups, 
however small--even among the progeny of just two females. In a population 
that is structured into temporarily separate groups, however, those groups with the 
most female-biased progeny sex ratio produce the most grandprogeny (assuming 
fecundity is independent of sex ratio). In other words, within-group selection 
favors unbiased sex ratios, while between-group selection favors the maximum 
level of female bias possible, consistent with full fertilization. 

In the case of hummingbird flower mites and other organisms with temporary 
breeding groups that persist for several generations, breeding-group size enters 
into sex-ratio evolution by way of between-group genetic variation. It is this 
variation that is the grist for the mill of group selection, just as among-individual 
(in this case, within-group) genetic variation is the raw material of individual 
selection. For any genetically variable trail, variation in gene frequencies among 
small groups is greater than that among larger groups, simply due 10 sampling 
error. Thus, in a species that tends to form smaller breeding groups, the force of 
group selection (which favors female progeny) more effectively counters the 
force of individual selection (which favors equal numbers of sons and daughters) 
than in a species that forms larger breeding groups. The graded balance between 
these two opposing levels of selection would be expected to produce just the kind 
of relationship between group size and sex ratio shown in Fig. 2.6 (Wilson and 
Colwell I 981 ). 

Alternative models for the evolution of female-biased sex ratios based on genie 
selection (e.g. Hamjllon 1967) are mathematically equivalent lo the levels-of
seleclion approach for lhe single-generation case (Colwell 1981), but much more 
difficult to apply in the case of mulligeneralional groups. Moreover, the verbal 
exegesis usually given lhese genie models, which is based on competition for 
males (local mate competition; e.g. Alexander and Sherman 1977; Harvey et al. 
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1985), has lillle meaning for long-l ived groups and may be seriously questioned 
even for one-generation groups (Colwell 198 1, 1982). 

To evalu ate the potential for significant among-group genetic varia tion in 
hummingbird flower mites, a genetic-demographic model is under development 
that incorporates parame ters estimated from the experimen tal work on P. kirmsei 
discussed above. We will lest its predictions through direct molecular assessment 
of the partitioning of genetic varia tion within and among groups (Christiansen 
I 992). 

3.4 Sex Ratio Among Mites Dispersing 011 Hummingbirds 

From the analysis of mites collected from hummingbirds, we have discovered 
that hummingbird flower mile species vary in the sex ratio of dispersing individu
als. One might imagine, as a first guess, that the variation would parallel sex
ratio differences among mite spec ies in the flowers of their host plants (Fig. 2.6). 
Even if females were in general more likely to disperse than males (a commo n 
pallem among phoretic mites r Athias-Binche I 991 ]), a plot of the proportion of 
migrating males regressed against the size of the inflorescence breeding groups 
for the same set of species would at least be expected to have a positive slope, 
although with an intercept below that of Figure 2.6. 

In fact, the sex ratio of mites on birds shows precisely the opposite relationship 
from this naive expecta tion. Males of mite species that live in smaller groups 
(which have highly female-biased sex ratios in flowers) are far more likely to 
disperse on birds than males of mite species that live in larger groups (which have 
less biased sex ratios), relative to females . The resultant plot of the proportion of 
males on birds agai nst group size for the same species in flowers (Fig. 2. 7) yields 
a negative slope. 

The exp lanation we propose for this pattern depends upon three premises-( I) 
that there is some cost or risk to dispersal; (2) that the primary reward for dispersal 
among female mites is the successful founding of a new dynasty in a newly
flowering, unoccupied inflorescence or movement to a less crowded inflorescence; 
and (3) that the benefit to dispersal among male mites is increased access to 
unmated females. 

Th ere is no reason to expect that the probable dispersa l reward lo females 
should vary among species in any regular way with breeding-group size. In 
contrast, males of species that live in smaller groups often have more to gain 
from dispersa l than males that live in larger groups, because sex ratio ought to 
vary stochastica lly more among smaller groups than among larger groups, simply 
due to binomial samp ling error. Dispersal should be a risk worth taking for a 
male of a species that lives in sma ll groups and who also happens to find himself 
in a group with a greate r proportion males than the average for his species. The 
next inflorescence the hummingbird visits may well have considerably more 
females per male. On the other hand , the sex ratio in a species that lives in large 

,; 

(/J .50 -c 
·= .0 
Cl .40 .5 
E 
E 

.3 0 ::::, 
:::c 
C 
0 • 
(/J . 20 • Cl) 

;': 

~ 
Cl) 

co 
:E 

.10 

C: 
0 .05 • ·.;: • ... 
0 
a. r = -.41 
0 ... .01 P = .047 a. 

1 2 4 10 20 40 100 

Breeding-Group Size : 

Number of Adult Mites in Inflorescences 
Figure 2 .7. Sex ratio of hummingbird nower mites (plotted as proportion ma les) on their 
hummingbird carriers in relation to breeding-group size (number of adults) for the same 
mite species on their host plants. Males of species that live in smaller groups are more 
likely to disperse on birds than males of species that live in larger groups. Axes are scaled 
as in Figure 2.6. Y-values of the points plo11ed represent arithmetic equivalents of the 

arcsine-square-root-transformatio n of the proportion male mites collected from humming
birds (pooled data for mites collecte d from 90 hummingbirds of seven species; samp le 
size for the mite species plolled ranged from 16-153 individuals, depending upon mite 
species). X-values, which correspond lo tho se of Figure 2.6, represent breeding -group 
size for the characteristic host plant of each mite species. The data plolled are limited to 
Trinidad and to species for which at least 15 mites were collected from hummingbirds 
during the study . 
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grou ps varies littl e amo ng inflorescences. In such a species, moving from one 
infloresce nce to ano ther by hummingbird yields lillle gai n for the risk. 

As expec ted from the binomial theo rem , variation in sex ratio among inflores
cences (estimated by the standa rd devia tions of male proportions, transformed to 
arcsines of square roots) is nega tively correlated with breeding-group size, among 
mire species (r = - 0.7 1, P = 0.02 1 for the same species plotted in Figure 2.6). 
The pos itive corre lation betwee n sex-ratio variation in llowers and the proportion 
of mal e mites on birds, however, is equ ally significant (Fig. 2.8; r = 0.7 1, P = 
0.022), concorda nt with the hypothesis that male mites disperse when variation 
in sex ratio among groups makes it worthwhile. 

We are curre ntly using two experimental approaches to test some of the 
impl ications of this hypo thesis. First, we have confi rmed the ability of male mites 
to detec t loca l sex ratios and to react behaviorally by seeking groups with more 
favorable ratio s. Th ese expe rimen ts were done in experimen tal " lattices" like the 
one depicted in Figure 2.2A (data to be reported elsew here). Second, we ·have 
begun to investigate the affects of sex-speci fic odors in nectar on the behavior of 
both male and fema le mites, using apparatus desc ribed by Hey neman et al. ( 1991 ). 
We expec t these stud ies 10 provide a belier understand ing of the hypothesized 
relati ons hips among breeding-group size, sex ratio, and migration . 

4. Co nclusions 

The humm ingb ird flower mites represe nt an ecologica lly and phylogenetically 
coherent gro up of species. They have enjoyed a highly successful adaptive 
rad iation onto a phy loge netica lly , pheno logically, and morphologically broad 
spectmm of hos t-p lant lineages, which are united only by their reliance on 
hummingb irds for polli natio n. From our explorations of variation in morphology, 
behavior, and life history among these mites, we conclude that ·virtually every 
aspect of the ir lives is affec ted by features of host-p lant phenology and morphol
ogy- including mite body size, dai ly cycles of behavior, annual shifts in affilia
tion with host plants, population grow th and regula tion, breeding-group size , 
patterns of dispersal, genetic struc ture of populations, and sex ratio. 
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