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Dispersal and Adaptive Deme Formation 
in Sedentary Coccoid Insects 

Lawrence M. Hanks 
Department Of Entomology, University Of Illinois, Urbana, IL 

Robert F. Denno 
Department of Entomology, University of Maryland, College Park, MD 

11.1 Introduction 

Reproductive isolation of populations may eventually lead to genetic differentia
tion as gene pools are altered by localized selective factors and drift. The spatial 
structuring of genetic . differentiation depends on the spatial dimensionality of 

gene flow, which is a reflection of dispersal behavior (e.g., Selander 1970). Ed
mtmds and Alstad (1978) proposed that the sedentary nature of black pineleaf 
scale Nuculaspis californica Coleman (Homoptera: Diaspididae) promoted the 
formation of demes that were adapted to the unique genotype of individual pine 

host plants. This specialization to the genotype of one host could reduce fitness 
on conspecific hosts that differ in genotype, thereby limiting the spread of scale 

'populations among trees and generating a patchy distribution (Edmunds and Al

stad 1978). Support for the demic adaptation hypothesis comes from the patchy 
distribution common to many species of scale insects, whereby heavily infested 
trees stand among others that appear free of scale (Miller and Kosztarab 1979). 
However, attempts to document demic adaptation in natural populations of scale 
insects have yielded conflicting results (Wainhouse and Howe11 1983; Unruh and 
Luck 1987; Cobb and Whitham 1993; Hanks and Denno 1994). 

In this chapter, we evaluate the potential for demic adaptation in species of the 
Homopteran superfamily Coccoidea, which includes armored and soft scale in
sects, mealybugs, and their allies. Coccoids are sedentary relative to other herbiv
orous insects and thus may be predisposed to deme formation and local adaptation 
to individual host trees (Edmunds and Alstad 1978; Miller and Kosztarab 1979; 
Hanks and Denno 1994). We begin by reviewing the natural history of the coc
coids. Subsequently, we consider stage-related dispersal behavior to determine 
whether coccoid populations are especially likely to be reproductively isolated on 
individual hosts. Reproductive isolation and the persistence of populations on 
long-lived perennial hosts set the stage for adaptation to host genotype. Finally, we 
evaluate the evidence for demic adaptation of coccoids in published field studies to 
reassess the degree of support for this widely espoused hypothesis. 
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11.2 Natural History of Coccoid Insects 

The family Coccoidea comprises about 6,000 described species that have been al

located to as many as 20 families (Miller and Kosztarab 1979). Coccoid families 
are distinguished by their production of wax fibers that clothe the body or form 

specialized structures (Table 11.1). Like their closest living relatives the aphids, 
coccoids are small-bodied insects that feed on plant tissues through needle-like 
stylets. Eggs are deposited in a single mass under the waxy cover of the female or 
in a waxy ovisac. The tiny ( < 0.5 mm long) mobile first instars, called crawlers, 
disperse and soon settle to feed on the host. First ins tars usually remain immobile 

once they have settled. Female coccoids are neotenic, developing through two to 

three additional instars before maturing into apterous, reproductively mature 

nymphs that range in size from 0.5 to 35 mm (Miller and Kosztarab 1979). The 

morphology of adult females has been used in determining the phylogeny of the 

Coccoidea and suggests a general decline in mobility from primitive to advanced 
families (Table 11.1). 

Male coccoids are paurometabolous, completing two nymphal instars, a "pre

pupal" stage, and a "pupal" stage before emerging as adults (Miller and Kosz

tarab 1979; Koteja 1990). Adult males are morphologically similar across coccoid 

families, usually being < 1 mm long, winged, and lacking functional mouthparts 

(Giliomee 1990). Males rely on pheromones to locate females (Beardsley and 

Gonzalez 1975; Miller and Kosztarab 1979). In some species, or variants within 

species, males are produced in very small numbers or not at all, and females are 

reproduced parthenogenetically (Nur 1971; Beardsley and Gonzalez 1975; Miller 

and Kosztarab 1979). 

Host plants of coccoids are diverse, including bryophytes, gymnosperms, and 

angiosperms, both monocots and dicots (Davidson and Miller 1990). Woody 

perennials are their most common hosts, and on these hosts coccoid populations 

may persist for many decades (Davidson and Miller 1990; McClure 1990a). 

Polyphagy is common (Beardsley and Gonzalez 1975), and host ranges can be 

extensive, such as the 236 plant genera in 88 families that are hosts of Aspidiotus 

nerii Bouche (Davidson and Miller 1990). Coccoids feed on nearly every plant 

part, from roots, stems, branches, and leaves to fruit (Beardsley and Gonzalez 

1975; Miller and Kosztarab 1979). Feeding stylets may be many times longer 

than the body and tap into a variety of plant tissues, including parenchyma, me

sophyll, cambium, and phloem (e.g., Glass 1944; Agarwal 1960; Hoy 1961; 

Williams 1970; Walstad et al. 1973; Blackmore 1981; Sadof and Neal 1993; Ca

latayud et al. 1994). 

11.3 Dispersal, Behavior, and Capability 

The supposition that coccoid insects are predisposed to demic adaptation pre

sumes a sedentary nature (Hanks and Denno 1994). Although some of their life 
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Table 11.1 Characteristics of Adult Females for the Common Families of Coccoidea That Feed on Perennial Plantsa 

Group Family Common name 

Margarodoidea Margarodidae Giant coccids, Ground 

pearls 

Margarodoidea Ortheziidae Ensign coccids 

Lecanoidea Pseudococcidae Mealybugs 

Lecanoidea Eriococcidae Felt scales 

Lecanoidea Dactylopiidae Cochineal insects 

Lecanoidea Coccidae Soft scales 

Lecanoidea Cryptococcidae Cryptococcids 

Lecanoidea Asterolecaniidae Pit scales 

Diaspidoidea Diaspididae Armored scales 

a From Howell and Williams 1976; Miller and Kosztarab 1979. 

Groups are listed in phylogenetic order from primitive to advanced. 

Characteristics of females 

Covered with loose wax and most with 

legs well developed, or nymphs legless in 

waxy cyst with adult having legs present 

and reduced (ground pearls). 

Covered with hard, waxy plates, legs well 

developed. 

Covered with mealy wax secretions, legs 

usually well developed. 

Similar to pseudococcids in form, without 

waxy secretions, but may be covered with 

wax during oviposition. 

Covered with wooly wax or waxy plates, 

legs reduced. 

Exoskeleton usually without wax, or wax 

ornate or amorphous; legs present or 

vestigial. 

Covered with waxy filaments, legs 

vestigial. 

Covered with tough waxy film or 

embedded in waxy mass, legs vestigial or 

absent. 

Females legless, under a hard cover of 

wax and tanned protein. 
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stages (nymphs of both sexes and adult females) have little or no mobility, coc
coids nevertheless can move very effectively between hosts, as evidenced by the 

rapid spread of introduced pest species (e.g., Bean and Godwin 1955; Anderson et 

al. 1976; Hennessey et al. 1990). In this section, we discuss the dispersal behav

ior of coccoids and the potential for reproductive isolation of populations on indi

vidual hosts. 

11.3.1 First-Instar Crawlers 

For coccoid taxa in which adult females are immobile (Table 11.1 ), coloniza
tion of new hosts depends entirely on the first-instar crawlers. Even in more 

mobile species, crawler dispersal plays the key role in colonization, because 
later instar females remain rather sedentary (see Second Instar to Adult Fe

males, section 11.3.2). Becau.se of their small energy reserves, crawlers can 
wander only a brief time before they must settle and feed (Koteja 1990). Esti

mates of wandering time of coccoid crawlers range from a few hours to more 

than a week (Table 11.2). Longer wandering times appear to be restricted to the 

lecanoid families (coccids, dactylopiids, and eriococcids), whereas diaspidid 

crawlers appear to be consistent in wandering at most two days, but usually less 

than one day (Table 11.2). Variation in three estimates of wandering time for 

Lepidosaphes beckii (Table 11.2) may reflect differences in environmental fac

tors that affect walking behavior, such as temperature, humidity, density of 

crawlers, dustiness of the substrate, and host species (e.g., Beardsley and Gon

zalez 1975; Willard 1973a, 1973b). 

Perhaps due to their greater nutritional requirements, female crawlers may dis

perse farther than males to fresher or less heavily infested host tissues (e.g., Cum

ming 1953; Brown 1958; van Halteren 1970; Oetting 1984; Gilreath and Smith 

1987; Clark et al. 1989a, 1989b). Nevertheless, crawlers usually settle within 1m 

of their mother (e.g., Metcalf 1922; Baker 1933; Jones 1935; Bodenheimer and 

Steinitz 1937; Das et al. 1948; Hill 1952; Carnegie 1957; Gentile and Summers 

1958; Basu and Chatterjee 1963; Samarasinghe and Leroux 1966; Patel 1971; 

Podsiadlo 1976; Tripathi and Tewary 1984; Willink and Moore 1988; Clark et al. 

1989a). The small body size of crawlers ( < 0.5 mm) and their limited life span 

without feeding (usually less than one day) prohibits movement between host 

trees over the ground (e.g., Quayle 1911; Stofberg 1937; Taylor 1935; Gentile and 

Summers 1958). It was noted early on that colonization of new hosts was effected 

primarily by aerial dispersal (e.g., Webster 1902; Quayle 1911, 1916; Jones 1935; 

Bodenheimer and Steinitz 1937). Small body size, flattened body form, and pro

jecting caudal filaments render crawlers buoyant in an airstream (Beardsley and 

Gonzalez 1975; Greathead 1990), and they are carried downwind like inert parti

cles (e. g, Quayle 1916; Brown 1958; Cornwell 1960; McClure 1977a; Wain

house 1980; Augustin 1986; Yardeni 1987). Aerial dispersal accounts for the 

rapid spread of introduced coccoid species (e.g., Bean and Godwin 1955; Ander

son et al. 1976; Hennessey et al. 1990). 



Table 11.2 Active Wandering Period of Coccoid Crawlers as Indicated by Their Longevity without Feeding (How Long They Can Wander before Set-

tling) and Actual Time Spent Walking (How Long T hey Typically Wander before Settling). 

Longevity with Time spent 

Family Species out feeding walking Experiment Reference 

Pseudococcidae Ferrisia virgata (Ckll.) 2-6h n Awadallah et al. 1979 

Eriococcidae Eriococcus coriaceus Maskell 5m -6h n Patel1971 

Eriococcidae Eriococcus orariensis Hoy < 4d n Hoy 19 61 

Dacty lopiidae Dactylopius coccus Costa <2d n Marin and Cisneros 1977 

Dactylopiidae Dactylopius confusus (Cockerell) < lOd n Gilreath and Smith 1987 

Dactylopiidae Dactylopius spp. <7 d <3 d n Karny 1972 

Coccidae Pseudaonidia duplex Ckll. < 6h y Bliss et al. 1935 

Coccidae Pulvinaria vitis Sign. <9 d y Collinge 1911 

Coccidae Pulvinariella mesembryanthemi 4-8 d y Washburn and Frankie 1981 

(Vallot) 

Coccidae Saissetia oleae (Olivier) <24h y Mendel et al. 198 4 

Diaspididae Aonidiella aurantii (Maskell) <ISh y Willard 1973a 

Diaspididae Aonidiella aurantii (Maskell) <6h n Nel1933 

Diaspididae Aspidiotus destructor Sign. < 48 h < 12h n Taylor 1935 

Diaspididae Aulacaspis tegalensis Zehnt 24-48 h n Moutia 1944 

Diaspididae Carulaspis minima (Targ.-Tozz.) <24h n Stimmel 1979 

Diaspididae Chrysomphalus aonidum (L.) 6-Sh n Schweig and Grunberg 1936 

Diaspididae Diaspis boisduvalii Signoret <24h n Bohart 1942 

Diaspididae Diaspis echinocacti (Bouche) <24h y Oetting 1984 

Diaspididae Greenaspis decurvata Green 2-6h n Nandagopal and David 1990 

Diaspididae Lepidosaphes beckii (Newm. ) <2h 1 .1 h  y Hully 1962 

Diaspididae Lepidosaphes beckii (Newm.) < 36h <24h n Stofberg 19 37 

Diaspididae Lepidosaphes beckii (Newm.) < 24h n Quayle 1912 

Diaspididae Lepidosaphes conchiformis 24h n Ahmad and Ghani 1971 

(Gmel.) 



Table 11.2 (continued) 

Longevity with Time spent 

Family Species out feeding walking Experiment Reference 

Diaspididae Lepidosaphes ulmi (L.) 0.3 3 h n Samarasinghe and Leroux 

1966 

Diaspididae Melanaspis glomerata (Green) 24h n Tripathi and Tewary 1984 

Diaspididae Melanaspis glomerata (Green) 12-3 6 h n Agarwal 1960 

Diaspididae Melanaspis tenebricosa <24h 1h n Metcalf 1922 

(Comstock) 

Diaspididae Pseudaulacaspis peniagona Targ. 16-22 h y Hanks and Denno 1993a 

Diaspididae Quadraspidioius perniciosus 1--4 h n Gentile and Summers 1958 

(Comst.) 

The Experiment column indicates whether time estimates are derived from experimental data versus estimation. 
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Early researchers believed that crawlers actively disperse by launching them

selves from their host plant (Balachowsky 1937; Andrewartha and Birch 1954). 

However, coccoid crawlers appear to show two distinct types of dispersal behav

ior: "active" and "inactive" (Table 11.3). Newly hatched crawlers of active dis

persers do not immediately seek sites for settling, but rather display behaviors 

that expedite aerial dispersal. For example, newly emerged crawlers of Antonina 

graminis, Aulacaspis tegalensis, Melanaspis glomerata, Pulvinariella mesem

bryanthemi, and Dactylopius austrinus aggregate on the tips of leaves or spines 

where they are readily dislodged and carried off by wind (Table 11.3). They later 

settle to feed on the crown and lower nodes of grasses (A. graminis: Chada and 

Wood 1960), under leaf sheaths of sugarcane (A. tegalensis: Agarwal 1960; M. 

glomerata: Williams 1970), on maturing iceplant leaves (P. mesembryanthemi: 

Washburn and Frankie 1985), and on cactus cladodes (D. austrinus: Moran et al. 

1982). Female crawlers of D. austrinus also show morphological adaptations for 

aerial dispersal in the form of abundant, long, waxy filaments that improve their 

aerial buoyancy (Gunn 1978; Moran et al. 1982). Despite their active dispersal 

from host plants, few D. austrinus crawlers travel farther than 6 m from their 

natal host (Moran et al. 1982), few dispersing A. tegalensis crawlers drift above 

the tops of sugarcane (Greathead 1972), and few P. mesembryanthemi and D. aus

trinus crawlers move more than 1 m above the ground (Washburn and Frankie 

1981; Moran et al. 1982). The short distances traveled by these wind-dispersed 

crawlers suggests that active dispersal primarily results in movement within 

patches of hosts rather than between patches. However, even local dispersal may 

be of selective advantage by reducing intraspecific competition and mortality 

from natural enemies (references in Table 11.3; Washburn et al. 1985). 

In contrast to actively dispersing coccoids, inactively dispersing species (Table 

11.3) do not readily disperse from their hosts. Crawlers of these species cling to the 

host and may only take flight when wind speeds are sufficient to tear them free, or 

after they fall from the host. Hosts of these species are all woody plants (Table 

11.3). A disinclination to disperse aerially and a tendency to settle on the natal host 

have also been observed in other coccoid species that feed on trees (Rabkin and 

Lejeune 1954; Nielsen and Johnson 1973; Edmunds andAlstad 1981). Emigration 

and colonization of new hosts by these tree-feeding coccoids are apparently arbi

trary and accidental events, as perhaps indicated by the low percentage of crawlers 

that disperse from trees (usually less than 20%; McClure 1977b; Stephens and 

Aylor 1978; Hill 1980; Unruh 1985; Wainhouse and Gate 1988). 

The behavioral dichotomy between actively and inactively dispersing coccoids 

appears to reflect the dimensionality of the host plant and associated risks of dis

persal. For active dispersers, dispersal involves relatively low risk, because host 

plants (grasses, sugarcane, iceplant, cacti, ferns) tend to occur in low-profile and 

tightly grouped, monospecific patches, and crawlers leaving one host will have a 

reasonable chance of alighting on another. For inactively dispersing species, how

ever, dispersal involves high risks, because host plants (trees and shrubs) have a 



Table 11.3 Characteristics of Coccoid Species with Crawlers That Show Active versus Inactive Dispersal Behaviors 

Dispersal behavior Coccoid family Species Host plant Crawler behavior References 

Active Pseudococcidae Antonin graminis Rhodes grass Ascend host, aggre- Chada and Wood 

Maskell gate on leaf tips 1960 

Active Dactylopiidae Dactylopius Cacti, Opuntia spp. Females ascend hosts Moran and Cobby 

austrinus and aggregate on 1979, Moran et al. 

De Lotto tips of spines 1982 

Active Coccidae Pulvinariella mes- Iceplant, Carpo- Ascend host plant Washburn and 

embryanthemi brotus spp. and move to leaf Frankie 1981, 

Vallot tips, elevate body 1985; Washburn 

in response to wind and Washburn 

1984 

Active Diaspididae Aulacaspis te Sugarcane Ascend plant, move Williams 1970; 

galensis Zhnt. to leaves, easily Greathead 1972 

dislodged by wind 

Active Diaspididae Melanaspis glo- Sugarcane Ascend plant, aggre- Agarwala 1956; 

merata Green gate on leaf auricles, Agarwal 1960 

easilydislodged by 

wind 

Active Diaspididae Pinnaspis aspidi- Ferns Easily dislodged from Werner 1930 

strae Sign. plant, drop off of 

fronds even in the 

absence of wind 

Inactive Margarodidae Matsucoccus mat- Red pine Cling to twigs and Stephens and Aylor 

sumurae Kuwana needles in response 1978 

( = M. resinosae) to wind 



Table 11.3 (continued) 

Dispersal behavior Coccoid family Species Host plant Crawler behavior References 

Inactive Pseudococcidae Planococcoides Cacao trees Cling and flatten to host Cornwell 1960 
njalensis Laing in response to wind 

Inactive Eriococcidae Eriococcus ora- Leptospermum Cling to plant, seek Hoy 1961 
riensis Hoy scoparium Forst. shelter in crevices in 

response to wind 

Inactive Coccidae Sais:s:etia oleae Olive trees Cling to host in re- Quayle 1911 
Bern. spouse to wind 

Inactive Diaspididae Aonidiella aurantii Lemon trees Flatten to substrate Willard 197 6 
Maskell and remain motionless 

in response to wind 

Inactive Diiaspididae P seudaulacaspis White mulberry trees Cling and flatten to Hanks and Denno 
pentagona Targ. host in response to 1993a 

wind 
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higher profile, may occur in mixed species stands, and are widely separated, such 

that crawlers dispersing from one host are unlikely to reach a new host. 

The horizontal distance that windblown crawlers will be transported depends on 

their terminal velocity (their maximum rate of fall in still air) and wind speed. Ter

minal velocities of scale crawlers have been estimated between 0.1 and 0.4 me

ters/sec (Brown 1958; Willard 1973a; Stephens and Aylor 1978; Wainhouse 1980; 

Washburn and Washburn 1984; Unruh 1985). Updrafts exceeding this relatively 

slow wind speed will carry crawlers upward, but the distance they can travel to 

colonize new hosts will be limited by how long they can survive without feeding 

(Table 11.2). Given an average longevity of 24 h, and moderate winds with a 

steady horizontal component of 1 m/s and a vertical component exceeding the ter

minal velocity, viable crawlers could be transported between trees as far as 86 km. 

Such long-distance aerial transportation accounts for the spread of coccoid infesta

tions across as much as 14 km of open water (e.g., Brower 1949; Hoy 1961). 

A lthough dispersing crawlers may be carried upward and potentially long dis

tances on the wind, field studies have indicated that the majority move laterally and 

downward. For example, the percentage of crawlers reaching altitudes above 

canopy height was only� 7% for Aonidiella aurantii Maskell (Willard 1976) and 

� 6% for Planococcoides njalensis (Laing) (Cornwell 1960). Wainhouse (1980) 

found that only � 0.7% of dispersing Cryptococcus fagisuga Lindinger crawlers 

were carried above the canopy of beech trees where winds were strong enough 

(> 1 m/s) to carry them away. The remaining� 99.3% of dispersers occurred below 

canopy tops (most less than 3.2 m above the ground) where wind speeds of< 0.7 m/s 

were too slow to carry them far. The vast majority of crawlers departing from 

heavily infested trees fall to the ground where they perish (e.g., Hoy 1961; Beard

ley and Gonzalez 1975; Stephens and Aylor 1978; Wainhouse 1980; Unruh 1985). 

The key issue of crawler dispersal in the context of the demic adaptation hy

pothesis is the rate at which crawlers immigrate into existing populations on 

novel host trees. Immigration rate will be strongly dependent on the spatial distri

bution of host trees. We used published field studies of coccoid dispersal to deter

mine how immigration rates will be affected by host distribution, particularly to 

identify the degree of separation between hosts that is necessary to reduce immi

gration rates to insignificant levels. Quayle (1916) was the first to study the aerial 

dispersal behavior of coccoid crawlers by setting sticky traps at a distance from 

trees infested with Saissetia oleae (Olivier). Ten subsequent field studies pro

vided us with data to calculate capture rates of crawlers at different distances 

from source trees (Fig. 11.1). For those studies in which traps were placed in var

ious orientations around the source tree, or were set up on different dates, we used 

only the maximum capture rates reported for each trapping distance. Trap capture 

rates are an overestimate of immigration rate, since not all crawlers arriving at a 

host tree will succeed in colonizing it (see Wainhouse and Gate 1988). 

The rate at which scale crawlers were captured on sticky traps (log trans

formed) was strongly and negatively correlated with log-distance from source trees 

(Fig. 11.1). Traps placed immediately adjacent to source trees (points on they axis 
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Figure 11.1 Relationship between rate at which coccoid crawlers were captured on 

sticky traps and the distance that traps were positioned from source trees (log-log trans

formed; Y = - 1.18X + 2.84; r2 = 0.77, P < 0.001). Data are derived from the following 

field studies (N =number of observations): Strickland (1950, N = 2), Rabkin and Lejeune 

(1954, N = 2), Hoy (1961, N = 1), Timlin (1964, N = 2), Nielsen and Johnson (1973, N 
= 1), McClure (1977a, N = 8), Stephens and Aylor (1978, N = 11), Wainhouse (1980, N 
= 5), Willard (1974, N = 4), and Hill (1980, N = 1). These studies were not standardized 

for a variety of factors that influence crawler dispersal, such as trap height (0-10 m above 

ground), number of source plants (single trees to orchards), size of source plants (small 

shrubs to tall trees), density of scales on source plants (usually described as "heavily in

fested"), wind conditions (usually not measured), and orientation with respect to prevail

ing wind direction (usually downwind). 

in Fig . 11.1) captured crawlers at an average rate of about 1,000 insects/m2/hour, 
but average capture rate declined sharply to� 100 crawlers/m2/hour at 10m dis
tance and fell to nearly zero crawlers/m2/hour at a distance from source plants 
greater than 100m. Thus, considerable numbers of crawlers could immigrate into 
trees that neighbor other infested trees (less than 10 m apart ), but dispersal be
tween trees will be negligible where hosts are separated by more than 100 m. 

11.3.2 Second Instar to Adult Females 

Female diaspidids and some other coccoids (Table 11.1) are entirely sessile and 
have no alternative but to oviposit on their natal host (Beardley and Gonzalez 

1975). Second instars and adults of other species of the more "primitive" groups 
(margarodoids and lecanoids ), have well-developed legs and may be relatively 
mobile, although they may walk little and are likely to spend their whole lives on 
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their natal host (e.g., Goux 1944; Strickland 1951; Cornwell 1958; Hoy 1961· 
Manichote and Middlekauff 1967). These primitive coccoids may overwinter' 
molt, and oviposit in locations different from where they feed (e.g., Hough 1925: 
Washburn 1965; Unruh 1985; Russell 1987). Nevertheless, movement by walk� 
ing between host trees is probably minimal except perhaps where branches inter
digitate. Females of a few mealybug species are unique in producing lateral wax 
filaments that render them buoyant in the air, and these individuals may disperse 
short distances between adjacent hosts (Miller and Denno 1977). 

11.3.3 Second Instar to Adult Males 

Male nymphs of margarodoids and lecanoids may be capable of walking and 
even leave the host to pupate, but do not travel far (e.g., Bean and Godwin 1955; 
Unruh and Luck 1987). Diaspidoid males, however, are sessile until they emerge 
as adults (Beardsley and Gonzalez 1975). Though adult male coccoids usually are 
alate and capable of flight, males of species in several coccoid families show a 
consistent disinclination to take flight, instead walking on their natal host in 
search of mates (Margarodidae: McKenzie 1943, Unruh 1985; Dactylopiidae: 
Kamy 1972; Eriococcidae: Hoy 1961, Patel 1971; Pseudococcidae: Highland 1956, 
Barrass et al. 1994; Diaspididae: Metcalf 1922, Taylor 1935, Stofberg 1937, Gen
tile and Summers 1958, Lellakova-Duskova 1963, Tashiro and Moffitt 1968, 
Stimmel 1979, Alstad et al. 1980, Tripathi and Tewary 1984, Lambdin 1990, 
Hanks and Denno 1993a, Lambdin et al. 1993). The disinclination to disperse is a 
reflection of weak flight abilities due to fragility and small body size (Beardsley 
and Gonzalez 197 5). 

Flying males may better control their direction by dispersing within the tree 
canopy where wind speeds are slower (Rice and Moreno 1970), or taking flight 
during calm weather conditions (Rice and Hoyt 1980; Barrass et al. 1994). For 
example, in light prevailing winds ( � 0-0.9 rn/s) male A. aurantii and A. citrina 

Coquillett may fly more than 40 m upwind (Rice and Moreno 1970; Moreno et al. 
1974). Significant rates of dispersal over short distances are indicated by the cap
ture of large numbers of males with unbaited sticky traps (e.g., McClure 1979; 
Clark et al. 1989b), female-baited traps (Rice and Hoyt 1980), or synthetic 
pheromone traps {e.g., Rice and Hoyt 1980; Angerilli and Logan 1986; Walker et 
al. 1990). The distance males can fly in search of mates is limited by their weak 
flight abilities and short average life spans (usually < 24 hours; Beardsley and 
Gonzalez 1975). Wings are probably retained in males for reasons associated 
with mate location within the canopy of single trees rather than for long -distance 
dispersal (see Denno 1994). 

11.4 Dispersal and Deme Formation 

Demic adaptation to host-plant individuals would appear to be promoted by the 
low mobility of all life stages of coccoids and their inefficiency in moving be-



Dispersal and Adaptive Deme Formation in Sedentary Coccoid Insects I 251 

tween plants: (1) most crawlers tend to settle on their maternal host tree rather 

than disperse; (2) second instar to adult females are either incapable of move

ment or very unlikely to move between hosts; and (3) adult males, though usu

ally alate, nevertheless tend to search for females on the natal host. Thus, each 

generation is founded primarily by crawlers that are settling on their maternal 

host, and most matings occur within populations. Gene flow may be restricted at 

spatial scales even smaller than individual trees, because crawlers disperse only 

a limited distance from their mother, adult females cannot move or tend not to 

wander far during their lives, and adult males tend to mate with nearby females. 

Alstad (Chapter 1, this volume) concludes that these limitations in gene flow ac

count for the genetic structuring of black pineleaf scale populations at spatial 

scales as small as individual branchlets. This structuring may result from genetic 

drift: however, it could arise by adaptation and, if so, reflects within-tree varia

tion in selective factors (Alstad, Chapter 1, this volume). In the latter case, each 

population on an individual tree may comprise an aggregation of independently 

evolving subpopulations. Nevertheless, if scales on the same host tree experi

ence a more similar selective environment than do scales on different trees, the 

population as a whole may be adapted to the unique characteristics of host-tree 

individuals. 

Although the sedentary nature of coccoids may result in reproductive isolation 

and could favor local adaptation to individual trees, the potential for deme forma

tion will depend on the proximity of host trees. Because crawlers are dispersed on 

the wind, and adult males have little control over their long-range course, rates of 

immigration into populations will be highest when host trees are adjacent but low 

when they are widely separated. Immigration rates will also be affected by the 

presence of nonhost tree species that present obstacles to dispersers as well as re

duce wind speed, limiting the distance that crawlers are carried. 

The immigration of small numbers of coccoids into populations may foster 

demic adaptation to host trees by providing genetic variation that is grist for the 

natural selection mill, but high rates of gene flow could hinder adaptation (Slatkin 

1985, 1987). Adaptation should be less likely to occur where immigration rates 

are high (the host tree stands within 10 m of other infested hosts) and selection 

pressures exerted by the host plant are weak. The opportunity for demic adapta

tion should be greatest where immigration rates are low (the host-tree stands 

> 100 m from other infested hosts) and selection pressures are great. Strong se

lection pressures could promote demic adaptation in spite of high rates of gene 

flow (Ehrlich and Raven 1969; Mopper 1996). 

11.5 Testing the Demic Adaptation Hypothesis 

The demic adaptation hypothesis (Edmunds and Alstad 1978) has been tested in 

four later independent field studies of the coccoid insects Cryptococcus fagisuga 

(Wainhouse and Howell1983), Matsucoccus acalyptus Herbert (Unruh and Luck 
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1987; Cobb and Whitham 1993), and Pseudaulacaspis pentagona Targ. (Hanks 

and Denno 1994). These studies used similar reciprocal transfer designs in which 

scales from each infested study tree were transferred to other infested trees, as 

well as back-transferred to their original host or clone. Survivorship should be 

higher on natal hosts than on novel hosts if scales are indeed adapted to their host

plant individual. 

These four transfer studies support the hypothesis that the opportunity for 

demic adaptation depends on restriction of immigration rates by spatial isolation 

of host trees. In four transfer experiments, the lack of evidence for adaptation 

may be attributed to dispersal between host trees: 

1. Wainhouse and Howell (1983) transferred eggs of C. fagisuga within a seed 

orchard of 22-year-old beech trees (Fagus sylvatica L; also see Wainhouse and 

Deeble 1980). Trees were of two clone lines that tended to support high scale 

densities. Scale eggs were collected from a single tree of each clone line and were 

transferred to five or six trees of each clone line. Similar survivorship across 

clone lines may have been due to dispersal between the two source trees which 

stood only � 6 m apart. C. fagisuga is unisexual, and dispersal of males is there

fore not an issue, but trapping studies showed that an abundance of crawlers dis

persed from heavily infested trees and traveled an average distance of 10 m 

(Wainhouse 1980). 

2. Unruh and Luck (1987) conducted transfer experiments in a pinyon pine for

est in southern California, transferring M. acalyptus crawlers between and among 

nine pine trees in one study, and another six trees in a second study. Host trees 

were 40-100 years old. In sticky trap studies, Unruh (1985) discovered that only 

a very small percentage ( � 2%) of M. acalyptus crawlers dispersed from trees, 

and most fell to the ground within 6 m of their natal host. He concluded that dis

persal of crawlers between trees was probably minimal. Although adult males 

tended to walk rather than fly in their search for mates, dispersal rates of adult 

males were nevertheless sufficient to hinder genetic differentiation of populations 

on individual trees (Unruh 1985). Panmixis across populations on different trees 

was further indicated by allozyme variation (Unruh 1985). 

3. Cobb and W hitham (1993) transferred M. acalyptus between and among 15 

infested Pinus edulis hosts (averaging 31.8 years in age) and also detected no ev

idence of demic adaptation to individual trees. Adaptation to host tree was also 

further refuted by increasing mortality rates within incipient (newly founded) 

populations over a six-year period, and similar mortality rates in incipient and es

tablished (presumably adapted) populations. 

Cobb and Whitham (Chapter 3, this volume) proposed that adaptation of M. 

acalyptus to host tree individuals was confounded by (1) temporal variation in 

selection pressures related to scale population density and host-plant resistance, 

(2) within-tree variation in resistance traits, (3) gene flow in the form of adult males 

dispersing between male-biased and female-biased populations, (4) emigration of 

crawlers from high-density populations, and (5) their immigration into trees whose 
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populations had been decimated by natural catastrophes. Gene flow would have 

been facilitated by the close proximity of study trees (all stood within 1 hectare), as 

suggested by the work of Unruh (1985). Thus, the possibility remains that adapted 

demes of M. acalyptus could arise where host trees are more widely separated. 

4. Hanks and Denno (1994) conducted transfers of P. pentagona between and 

among paired white mulberry, Morus alba L., trees (10-2 0 years old) in an urban 

landscape. Crawlers and adult males of this species are sedentary and tend not to 

disperse from their natal hosts (Hanks and Denno 1993a). Nevertheless, the po

tential for dispersal between study trees was maximized because of their close 

proximity ( < 5 m apart), and dispersal may have inhibited demic adaptation. 

The two transfer experiments involving C. fagisuga and P. pentagona sup

ported the demic adaptation hypothesis by demonstrating significantly higher 

scale survivorship on natal compared to novel hosts: 
1. Wainhouse and Howell (1983) transferred C. fagisuga eggs between and 

ammig five heavily infested beech trees, two of which occurred in the same plan

tation but were about 3 0m apart, and three trees occurred in different, widely sep

arated plantations. Immigration of crawlers into trees was minimized, because 

study trees were relatively isolated from other heavily infested trees (D. Wain

house personal communication). Wainhouse (1980) showed that few aerially dis

persing C. fagisuga crawlers are likely to travel farther than 2 5 m. 

2. Hanks and Denno (1994) transferred P. pentagona between pairs of mul
berry host trees, where each study tree was separated from the nearest infested 

tree by at least 3 00 m. Extreme isolation of host trees assured very low rates of 

immigration by crawlers and adult males. 

In these studies, trees were relatively isolated, minimizing dispersal between 
hosts, and this reproductive isolation may have fostered local adaptation. 

11.6 Discussion 

Reproductive isolation of coccoid populations on individual trees seems likely to 

result from their sedentary nature. Gene flow between populations in the form of 

dispersing crawlers and adult males may impede genetic differentiation. How

ever, becaus.e dispersal is primarily passive and is strongly influenced by arbitrary 

wind currents, gene flow into populations will be significant only where trees 

stand in close proximity ( < 10 m apart), but negligible when trees are more 

widely separated(> 100m apart). The critical role of host-tree distribution in re

productive isolation is supported by field experiments that showed evidence of 

adaptation only where host trees were isolated from other infested trees, but not 

where they stood in close proximity (Wainhouse and Howell 1983; Hanks and 

Denno 1994). 

Because reproductive isolation of coccoid populations depends on spatial sep

aration of host trees, deme formation seems an unlikely cause of their patchy dis

tribution within stands of closely situated trees. Dispersal between adjacent trees 
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should preclude specialization to individual trees and maintain a generalist ability 
to colonize new hosts (Slatkin 1985, 1987). Local, patchy distributions of coc
coids more likely reflect small-scale spatial variation in ecological factors that in
fluence population densities such as host-plant quality (e.g, McClure 1990b; 
Hanks and Denno 1993b), host-plant resistance (e.g., Ghose 1983; McChire and 
Hare 1984; Wainhouse et al. 1988), natural enemies (e.g., Hanks and Denno 
1993b), and the abundance of ants that discourage natural enemies (e.g, Cornwell 
1957; Buckley 1987; Hanks and Sadof 1990). 

The role of demic adaptation in colonization and development of populations is 
called into question by outbreaks and the spread of populations across hosts 
where natural controls are eliminated. For example, coccoids may reach high 
densities where natural enemies are discouraged by drifting road dust (Bartlett 
1951) or insecticides (Edmunds 1973; Luck and Dahlsten 1975). Similarly, coc
coid pests introduced into new regions without their natural enemies rapidly 
spread through stands of hosts (e.g., Bean and Godwin 1955; Anderson et al. 
1976; Houston et al. 1979; Hennessey et al. 1990). The ease with which unre
strained coccoids colonize novel hosts and erupt to high densities suggests that, at 
least for some species, adaptation to host-plant genotype is neither necessary for 
colonization nor of general significance in the dynamics of populations on indi
vidual hosts. Nevertheless, genetic differentiation of populations on isolated hosts 
may play an important role in coccoid evolution and speciation. 
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