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Abstract. Many species of chironomids undergo their immature development in habitats that rapidly change in suitability, such as 
rain pools, phytotelmata, freshly filled ponds or soil layers that seasonally dry out. Strategies for the utilization of these habitats can 
be divided into two groups: i) physiological or behavioral adaptations of larvae, which enable them to survive unsuitable conditions 
(in situ resistance) or ii) repeated recolonization of temporarily suitable habitats. In situ resistance, includes desiccation or frost resis­
tance, often in combination with cocoon building and migration of larvae into the sediment. Generally, the species that use the 
recolonization strategy tend to be better at migration and have a higher fertility and shorter development. Recolonization may 
include only temporary habitats or temporary habitats and some more stable habitats as well.

INTRODUCTION

Insects of the family Chironomidae are distributed 
world-wide and use a variety of habitats for larval devel­
opment, which in aquatic environments range from gla­
cier brooks to sea shores and profundal zones of deep 
lakes and in terrestrial environments, soil, dung or fungi 
(Strenzke, 1950; Olivier, 1971; Hudson, 1987; Pinder, 
1995; Willassen & Thunes, 1996). Some of these habitats 
are only temporarily suitable for larval development. The 
aim of this review is to compare the life history strategies 
of chironomids specialized to live in temporary habitats, 
i.e., those that from time to time substantially and sud­
denly fluctuate in suitability. The suitable period is usu­
ally of short duration, close to the larval development 
time. Using this definition, a wide spectrum of tempo­
rarily suitable habitats for chironomids occur in nature, 
e.g., rain pools, phytotelmata, newly flooded ponds, soils 
and mosses that dry out seasonally. Some habitats that 
may fit into the above-mentioned definition, such as tem­
porary streams, are not included in this review because 
the ecological strategies of the species inhabiting these 
biotopes are not sufficiently understood. Therefore, the 
examples given in this review are illustrative rather than 
exhaustive. The ecological factors that limit chironomid 
larvae in a temporary habitat may vary from a cata­
strophic environmental disturbance, such as seasonal 
drought or frost to more complex, and only partly 
explained factors such as a gradual decrease in food or 
other resources, or predation (Table 1). Besides the fac­
tors that affect the living conditions in temporary habitat, 
they may differ in the frequency and pattern of their 
occurrence in space and time (Williams, 1987;

McLachlan & Ladle, 2001). In terms of occurrence some 
temporary habitats are spatially predictable, such as rain 
pools formed in small depressions in rock surfaces, which 
re-occur each rainy season in the same location for dec­
ades and may do so for thousands, possibly millions of 
years (McLachlan & Ladle, 2001). On the other hand 
puddles in soft substrata may be much less stable 
(McLachlan & Ladle, 2001). In addition the occurrence in 
time of temporary habitats may not be random, in one 
season they may be abundant while in another they may 
be rare or even absent.

Adaptations for the utilization of temporary habitats 
can be divided into two main groups. In situ resistance 
adaptations, which are a complex of physiological and 
behavioral adaptations that enable individuals to over­
come adverse conditions in situ. The second group 
includes adaptations based on recolonization. These adap­
tations result in local populations, some of which at least 
partly survive and recolonize other suitable habitats when 
the local population there becomes extinct.

IN SITU RESISTANCE

One of the most important factors causing the extinc­
tion of chironomid larvae in temporary habitats is 
drought. Larvae of chironomids, both aquatic and terres­
trial, have practically no ability to reduce the loss of water 
through their cuticle (Buck, 1965; Delettre, 1988a). In 
situ drought resistance consists of behavioral adaptations, 
which minimize water loss by transpiration and physio­
logical adaptations that make them tolerant of water loss.

Larval migration into wetter places is a very simple 
behavioral adaptation (Blanchard et. al., 1987; Delettre,
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Table 1. Some examples of the limiting factors and the life history responses of chironomids living in temporary habitats.
Habitat Source Species Response Type of response

Rain pools
Hinton, 1960a Polypedilum vanderplanki Cryptobiosis in situ resistence

Jones, 1975 Paraborniella tonnoiri Diapause, cocoon forming

Dessicating soils Delettre, 1986, 
1988b Smittia celtica Diapause, cocoon forming in situ resistence

Rain pool on peat Jackson & 
McLachlan 1991

Short range migration deeper into 
the peat in situ resistence

Rain pools McLachlan,1983 Chironomus imicola Recolonisation between pools, 
metapopulation approach recolonization

Recolonisation between suitable

Dessicating soils Frouz &
Kindlmann, 2001 Smittia aterrima and vulnerable and less suitable but 

more stable habitats, source - sink recolonization

approach
Recolonisation within ponds and

Freshly filled carp ponds Matena, 1990 Chironomus spp. between ponds and surrounding recolonization
aquatic habitats

1988b). Aquatic chironomid larvae dwelling in temporary 
rain pools on peat can survive dry periods by migration 
into the deeper, wetter peat layers (Jackson & 
McLachlan, 1991). Strenzke (1951) indicated that some 
larvae dwelling in phytotelmata may migrate to new phy- 
totelmata to avoid desiccation. Migration into the deeper 
layers of soil, mud or other porous material, can signifi­
cantly reduce water loss because soil air is more saturated 
with water than atmospheric air and soil is a barrier to 
water vapour diffusion (Frouz & Matena, in press). 
Building of cocoons can be another barrier, which 
reduces water loss by transpiration as in the Australian 
chironomid Paraborniella tonnoiri Freeman, which sur­
vies summer drought in cocoons in dry mud at the bottom 
of rain pools (Jones, 1975). Even though larvae in 
cocoons can survive several months in dry mud they des­
iccate and die quickly in air without cocoons (Jones, 
1975). The cocoons are constructed from salivary gland 
secretion and covered with soil particles. The building of 
aestivating cocoons is a common feature of chironomid 
species dwelling in seasonal waters (Jones, 1974, 1975; 
Grodhaus, 1980). Species living in soils that dry out sur­
vive in situ by forming cocoons, as in Smittia celtica or 
tubes as in Pseudosmittia longicrus (Delettre, 1988b, 
Rossaro & Delettre, 1992). Formation of cocoons in these 
species usually occurs in a particular larval stage, 2nd or 
3rd instar (Delettre, 1975; Grodhaus, 1980). Aestivation 
and formation of cocoons occur even when larvae are 
continuously in water, indicating occurrence of an obliga­
tory summer diapause (Grodhaus, 1980). Overwintering 
cocoons are formed by some chironomids inhabiting per­
manent water bodies, such as Endochironomus tendens 
Fabricius and Dicrotendipes sp. (Thienemann, 1921; 
Saether, 1962) and Camptochironomus tentans Fabricius 
(Matena, unpublished). All these forms prefer littoral 
areas with macrophytes and are potentially endangered by 
a receding water level or frost.

Tolerance of water loss is the main physiological adap­
tation affecting drought resistance in chironomid larvae. 
Larvae of Polypedilum vanderplanki Hinton can survive 
almost complete desiccation. Their water content can

decrease to about 3% of that of active larvae. This is 
called cryptobiosis during which they can survive expo­
sure to temperatures from -270°Cto+120°C. Larvae kept 
in completely dry air can be resuscitated even after 18 
years (Hinton, 1951, 1960a, b; Adams, 1985). Physio­
logical mechanism of this desiccation tolerance is 
explained by the accumulation of trehalose, which pro­
vides protection against desiccation cell damage due to its 
water replacement capacity (Watanabe et al., 2003). 
Accumulation of trehalose in the desiccation phase is 
induced by changes in osmolarity in the larval body 
(Watanabe et al., 2003). This tolerance of desiccation is 
not specific to a larval instar and they may recover from 
desiccation up to 10 times during larval development 
(Hinton, 1960a). Other chironomid larvae can also sur­
vive a substantial loss of body water. Paraborniella ton­
noiri can survive the loss of 72% of its water content and 
Chironomus dorsalis Meigen 50% (Buck, 1965; Jones, 
1975; Frouz & Matena, in press). Adams (1985) listed 
several other chironomid species, such as Polypedilum 
dewulfi Goethebuer, which can tolerate a considerable 
degree of dehydration. Futhermore, chironomids that 
inhabit permanent waters, both lentic and lotic, may sur­
vive a 30-50% loss of body water (Frouz & Matena, in 
press). As cocoons are not an absolute barrier against 
water loss, the cocoon forming larvae survive dry periods 
partly dehydrated (Jones, 1975; Grodhaus, 1980). Some 
ability to survive desiccation is recorded for several Met- 
riocnemus species dwelling in phytotelmata (Picado, 
1913; Zavrel, 1941; Strenzke, 1951). The ability of P. 
vanderplanki to survive water loss is extraordinary and 
there are numerous chironomid species that can survive a 
considerable loss of body water as larvae, and a wide 
range of desiccation tolerance is reported for larvae of 
various species of chironomids (Buck, 1965; Jones, 1975; 
Adams, 1985; Frouz & Matena, in press).

Another environmental factor that can substantially 
reduce populations of chironomid larvae is freezing 
(Jackson & McLachlan, 1991). Chironomidae overwinter 
exclusively as larvae and some species form winter 
cocoons (Tokeshi, 1995). A reduction in body water con-
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tent is recorded for overwintering larvae (Danks, 1971), 
which indicates that the mechanism of frost and drought 
resistance may be similar. Danks (1971) concluded that 
freezing tolerance is quite common in many chironomid 
species. Butler (1982) described a 7-year life cycle for 
two Chironomus species in the tundra ponds in arctic 
Alaska, where the sediments are frozen for about 9 
months of the year. This implies that these larvae must be 
frost tolerant. Temporary habitats determined exclusively 
by frost are scarce, nevertheless frost affects chironomids, 
particularly in shallow water in temperate zones affected 
by both summer drying and winter freezing (Jackson & 
McLachlan, 1991).

RECOLONIZATION

Rain pools or soils and mosses that dry out seasonally 
are good examples of temporary habitats influenced by 
“catastrophic” events. The life-history strategies of chiro­
nomids inhabiting rock pools have been studied in detail 
in Africa (Cantrell & McLachlan, 1982; McLachlan, 
1983, 1986; McLachlan & Ladle, 2001). The pools that 
last for c. 1 week are inhabited by the drought resistant P. 
vanderplanki while those that last for c. 2-3 weeks are 
densely inhabited by Chironomus imicola Kieffer and 
Chironomus pulcher Wiedeman, which are not drought 
resistant (Cantrell & McLachlan, 1982; MacLachlan, 
1983). These species are indigenous in rain pools. Popu­
lation persistence is ensured by the colonization of new 
rain pools, which appear due to the high spatial variability 
in rainfall. This strategy results in a different evolutionary 
pressure on the larvae and adults. The fittest larvae are 
those with the shortest development time, which enables 
them to emerge from pools before desiccation. By con­
trast, the fittest adults (particularly females) are the larg­
est, as large size is associated with both high fertility and 
good migration ability (McLachlan, 1983), but this 
requires a long larval growth period. This paradox is 
resolved by a shift in larval stage duration depending on 
population density. At low densities, corresponding with 
initial colonization, there is a high variability in develop­
ment time, ranging from 12 to 40 days. The weight of the 
adults correlates positively with development time. Early 
emergence increases the probability of emergence before 
a pool dryes out but the females have a low fertility and 
poor migration ability. At high densities, intense competi­
tion is accompanied by high mortality (McLachlan, 
1983). Dead larvae can be a valuable food source and 
support rapid growth of the survivors. This additional 
food resource results in larger adults and short develop- 
menttimes (McLachlan, 1983). Mc Lachlan (1989) thinks 
that both phenotypes of larvae: giants resulting in large 
adults, and dwarfs, that grow and develop more slowly 
and are easily killed in competition with the giants, are 
genetically determined. Their frequency in the population 
is maintained by density dependent selection within an 
evolutionary stable strategy. Because larvae in one puddle 
often originate from one egg mass dead competitors in 
fact support the survival of their relatives. In this context 
the interaction between body size and development time

in C. imicola described above is a special example of 
altruism (McLachlan & Ladle, 2001). In conclusion, the 
production of offspring by a local population is 
optimized, depending on the desiccation risk, by varia­
tions in larval development time, adult size and larval 
mortality according to larval density. Nevertheless, rain 
pools do not occur randomly throughout a year as they 
are absent during the nine month dry season. Both C. imi­
cola and C. pulcher survive this period in pools left by 
receding rivers. It is also speculated that some occur at 
low densities in more stable habitats such as rivers or 
lakes but except for one record of C. pulcher from a 
stream they have never been found in such habitats 
(McLachlan, 1988). Ghonaim (2002 and pers. com.) col­
lected larvae of C. imicola from margins of the river Nile 
and some irrigation channels. Chironomus dorsalis 
Meigen almost exclusively inhabits temporary habitats of 
different types in Central Europe (Matena & Frouz, 
2000). Records of this species from more permanent habi­
tats are rare (Matena & Frouz, 2000). The life strategy of 
this species is poorly known, and the importance of rain 
pools and other habitats for the survival of this species 
needs further investigation. This species is not more resis­
tant to desiccation than Chironomus riparius Meigen, a 
related species inhabiting permanent habitats, which can 
survive several days in wet mud, but cannot survive the 
drying out of the mud (Frouz & Matena, in press). The 
species can survive by colonizing rain pools and perhaps 
in sub-optimal habitats. The short development time 
(12-14 days at 23-25°C; Dettinger-Klemm, 2000) may 
be advantageous in this regard. The shortest generation 
time for Chironomidae, less than 7 days at 28°C, is 
recorded for Apedilum elachistius Townes living in rock 
pools in the Mato Grosso (Brazil) (Nolte, 1995). Experi­
ments revealed no drought-resistance in this species. The 
principal mechanism permitting A. elachistius to colonize 
ephemeral habitats is apparently its short generation time. 
However this species seems to be a generalist and not 
specific to temporary habitats, inhabiting also adjacent 
pools and brackish waters. It tolerates a broad range of 
temperatures (from at least 8 to 42°C), does not feed 
selectively and has little requirement for spatial habitat 
structures (Nolte, 1995). These examples indicate that a 
short life cycle is advantageous in temporary habitats, but 
even an extremely short life cycle does not automatically 
mean specialization for these habitats.

Unpredictable desiccation can commonly occur in the 
small aquatic habitats associated with living plants, phy- 
totelmata, which range in size from small accumulations 
of water in leaf axils of Scirpus silvaticus to tree holes. 
An overview of these habitats is available in Pinder 
(1995). Metriocnemus martini Thienemann is a special­
ized midge inhabiting tree holes. These habitats vary in 
desiccation risk according to size. Mayer (1938) indicates 
that large tree holes can be almost permanent habitats but 
there is a risk of desiccation in small tree holes. Metrioc­
nemus martini prefers small tree holes in the canopy, 
probably because of a better food supply (Kitching, 1971, 
1972). These habitats are at a high risk of desiccation, but
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as eggs are laid almost continuously during the entire 
vegetation season, drought affected holes are quickly 
recolonized from larger and more stable habitats (Kitch- 
ing, 1972). Moreover, M. martini has some ability to sur­
vive desiccation in the wet substrate at the bottom of tree 
holes (Zavřel, 1941).

Catastrophic desiccation is important also in terrestrial 
habitats. Some species of terrestrial chironomids are 
abundant in the thin layers of moss and lichen that grow 
on rock surfaces (Delettre, 1975, 1986, 1989). These 
habitats are highly sensitive to drying in summer. Larvae 
of some terrestrial chironomids, such as Smittia celtica 
Rossaro & Delettre, can survive dry periods in cocoons 
(Delettre, 1988b) but not others, such as Limnophyes 
minimus Meigen. The latter species has, under these 
conditions, two generations per year. Its larvae are 
abundant in moss and lichen during winter when this 
habitat is saturated with water but disappear during early 
summer due to drought. In autumn the habitat is 
recolonized by adults emerging from more stable habitats 
such as various permanently wet habitats that host 
permanent populations (Delettre, 1986). This 
recolonization enables the species to persist (Ducrotoy, 
1980; Delettre, 1986, 1989; 1994). A similar strategy is 
also observed in Smittia aterrima Meigen, which 
develops in bare soil or poorly vegetated patches of early 
fallows. This species is abundant in these habitats in 
winter but in summer disappears due to drought and the 
habitats are recolonized in autumn by individuals that 
developed in more desiccation resistant habitats (Frouz, 
1997; Frouz & Kindlman, 2001). The reason for the 
utilization of these open soil habitats is probably the 
abundant occurrence there of soil algae and mosses, 
which are a valuable food source (Frouz & Lukešová, 
1995). S. aterrima is commonly found in various habitats 
such as meadows or arable fields (Delettre & Lagerlof, 
1992; Frouz, 1994). More stable habitats such as 
grasslands support low densities of larvae and produce a 
small proportion of the annual offspring. Some 
populations in sub-optimal habitats are supported by 
immigrants from optimal habitats and disappear when the 
optimal habitats disappear (Frouz, 1994, 1997). The 
combination of permanent but sub-optimal habitats and 
suitable and temporary habitats may ensure population 
persistence (Frouz & Kindlman, 2001).

Other examples of temporary habitats are newly filled 
ponds and rice fields where regular drying is an integral 
part of fish-pond management or rice cultivation. Due to 
the rapid changes in environmental conditions that occur 
after flooding these habitats become highly suitable for 
colonization by some chironomid species for a short 
period, possibly a consequence of a complex of factors 
rather than a single factor (Morduchaj-Boltovskoj, 1961; 
Hilsenhoff, 1967; Lellák, 1969; Barthelmes, 1970; Sukop, 
1974; McLachlan & Cantrell, 1976; McLachlan & 
McLachlan, 1976; McLachlan, 1977). The midges occur 
also in a wide range of sub-optimal habitats but at much 
lower population densities than in freshly filled ponds, 
which are intermediate between typical temporary habi­

tats and fluctuations of living conditions common every­
where. These habitats are densely colonized by larvae of 
the genus Chironomus. Carp ponds are man-made habi­
tats but natural habitats similar to newly flooded ponds 
are produced when rivers flood. In the water on flood 
plains, larvae of Chironomus spp. are typical early colo­
nizers (Steinhart, 2000). Based on ecological studies, 
which used karyotaxonomy, Chironomus annularius Mei­
gen, Chironomus melanescens Keyl and Chironomus 
piger Strenzke are thought to be specialists of newly 
flooded ponds (Matena, 1990). Similarly as Chironomus 
tepperi Skuse in rice fields in Australia (Martin, 1974). 
Usually only one abundant generation develops after 
flooding (Matena, 1979, 1982, 1990). Later, larvae can be 
found in ponds and in a wide range of other habitats but 
in substantially lower numbers (Matena, 1990). The rea­
sons for the decline in numbers of these pioneer species 
are probably complex and include changes in substrate 
(Morduchaj-Boltovskoj, 1961; Lellak, 1969; Sukop, 
1974; McLachlan & Cantrell, 1976; McLachlan & 
McLachlan, 1976; McLachlan, 1977), food availability, 
predation or diseases (Hilsenhoff, 1967; Barthelmes, 
1970). As in the case of terrestrial chironomids mentioned 
above, newly flooded ponds are strongly preferred for 
oviposition in comparison to similar ponds without fish 
flooded several weeks earlier (Matena, 1990). Stevens et 
al. (2003) proved experimentally that chemical cues from 
larval populations deter oviposition by C. tepperi females 
searching for newly flooded habitats, where there is likely 
to be little larval competition. Chironomus melanescens is 
a typical species using newly filled fishponds in Central 
Europe. The abundance of Ch. melanescens in these habi­
tats can exceed 4 000 larvae per m2 (Matena, 1990). This 
species is only rarely found in permanent peaty ditches, 
which may represent a sub-optimal habitat but potential 
refuge (Matena & Frouz, 2000). The abundance of larvae 
in these sub-optimal habitats is significantly lower and 
they are negligible in area compared to the optimal habi­
tats (Matena & Frouz, 2000). The sub-optimal habitats, 
however, may play an important role in the long-term sur­
vival of the population. Changes in chironomid larval 
abundance after flooding are the subject of many eco­
logical studies (e.g. Hilsenhoff, 1967; Barthelmes, 1970; 
McLachlan & Cantrell, 1976; McLachlan & McLachlan, 
1976; McLachlan, 1977; Matena, 1979, 1982, 1990), but 
the mechanisms by which new ponds are colonized and 
the role of optimal and sub-optimal habitats in the popula­
tion dynamics is neglected.

Finally, in addition to temporary habitat specialists 
there are generalist species, which maintain stable popula­
tions in permanent habitats and colonize temporary habi­
tats as described above for L. minimus or A. elachistius. 
Generalists are particularly important when temporary 
habitats are relatively long lasting (Williams, 1987).

COMPARISON OF STRATEGIES

In situ resistance versus recolonization
Generally species that are able to survive in temporary 

habitats in situ appear earlier then colonists and are also
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less limited by habitat duration (Williams, 1987). An 
extensive comparison of in situ resistance and recoloniza­
tion was made on African rain pool dwellers living in the 
same area; P. vanderplanki and two species of Chiro- 
nomus (C. imicola and C. pulcher) (McLachlan, 1983). In 
Chironomus, the larval development and life cycle are 
shorter, adult females migrate greater distances and lay a 
higher percentage of their eggs in pools other than the one 
they developed in and are more fecund, and unlike P. 
vanderplanki are able to produce additional egg clutches 
after feeding as adults (McLachlan, 1983; McLachlan & 
Yonow, 1989). Larval and adult size is more variable in 
Chironomus than in P. vanderplanki and both larval and 
adult size are affected by larval density, which changes 
during the desiccation of the habitat. In contrast, no 
changes in larval density occur in P. vanderplanki popu­
lations during desiccation (McLachlan, 1983).

There is another comparison of in situ resistance and 
recolonization strategies in terrestrial chironomids 
dwelling in the moss and lichen layers on rock surfaces in 
Brittany (France). Short life cycles also occur in colo­
nizing species of terrestrial chironomids. The colonizing 
species L. minimus has two generations per year, whereas 
the in situ resistant species, Smittia pratorum and Smittia 
celtica have only one (Delettre, 1986, 1988b). The higher 
number of generations per year facilitate recolonization of 
habitats on the rocks and in the surrounding landscape. A 
higher proportion of migrants are produced by recolo­
nizing species than in situ survivors (Delettre, 1986, 
1988b). Unlike in the drought resistant species, the 
migrants and non-migrants in recolonizing species differ 
in wing length (Delettre, 1988b).

In in situ resistance, the better the individual adaptation, 
physiological or behavioral, for survival the higher suc­
cess of the whole population. Selection acts in the same 
way on all individuals in the population - in one direction. 
This may lead to uniformity within populations. In the 
recolonization strategy there are often several more com­
plex adaptations, such as short life cycle, high fertility, 
high migration ability, habitat selectivity etc. In some 
cases a trade-off between particular adaptations is 
observed. Consequently the population is exposed to dif­
ferent selection pressures in time and space, which leads 
to high variability in populations and the coexistence of 
several phenotypes.
Recolonization strategy - from specialists to generalists

Fluctuations in the frequency of occurrence of suitable 
temporary habitats is a critical aspect of the recoloniza­
tion strategy. In some cases suitable temporary habitats 
may be periodically rare or even absent (McLachlan, 
1988; Frouz & Kindlman, 2001). These periods constitute 
bottlenecks (McLachlan, 1988) and a more detailed 
analysis of them may be helpful in further understanding 
of the population dynamics of insects using temporary 
habitats.

As is apparent from the above examples, the use of 
more stable habitats is frequent among species that use 
temporary habitats. Some temporary habitat specialists 
may use several types of temporary habitat, some more

durable than others. For example, the longer lasting but 
also temporary pools of river water left by receding rivers 
used by C. imicola and C. pulcher during the dry season 
when their usual habitat, temporary rain pools, com­
pletely disappear (McLachlan, 1988). Or species may use 
almost permanent habitats that are similar to temporary 
ones. For example, the more permanent large phytotel- 
mata and the less permanent smaller ones, in the case of 
M. martini (Kitching, 1972). In other situations the differ­
ences between temporary and permanent habitats may be 
more pronounced, as in S. aterrima dominating in pioneer 
habitats that occur in grassland (Frouz, 1997). In these 
and some other species the abundance in stable habitats is 
often several orders of magnitude lower than in optimal, 
temporary habitats (McLachlan, 1988; Frouz, 1997; 
Matena & Frouz, 2000; Frouz & Kindlman, 2001). Some 
authors (McLachlan, 1988; Frouz, 1997; Frouz & 
Kindlman, 2001) suggest that these sub-optimal habitats 
are not self-sustainable and the populations there are 
maintained by immigration from optimal habitats, i.e. 
sink habitats in the sense of Pulliam (1988), Pulliam & 
Danielson (1991). Here we use the term source habitat for 
those where production in long term average compensates 
for local mortality and emigration exceeds immigration 
and sink habitat for those where production does not 
compensate for local mortality and immigration exceeds 
emigration (Puliam, 1988; Puliam & Danielson, 1991). 
This does not mean that there is no migration from sink to 
source; this migration is in fact necessary to maintain an 
evolutionary stable strategy (Morris, 1991), but the 
number of such migrants is in the long term less than in 
the opposite direction. Moreover, sink to source migrants 
may be important when the population in the source 
habitat is depleted for some reason. In this particular case 
the sink habitat becomes the source habitat. This also 
applies to the recolonization of temporary habitats by 
migrants from some sub-optimal permanent habitats. In 
the case of S. atterima studies indicate that populations in 
sub-optimal, stable habitats (grasslands) decline and even 
become extinct when optimal (pioneer) habitats disap­
pear (Frouz, 1994, 1997), which indicates that they are 
true sink habitats. Nevertheless, even these sink popula­
tions may play a substantial role in the recolonization 
process (Frouz & Kindlman, 2001). There is little infor­
mation on the role of the sub-optimal habitats in recoloni­
zation even though this factor may be important in insect 
ecology (Frouz, 1997; Boughton, 1999; Frouz & 
Kindlman, 2001).

Finally, the permanent habitats of species such as L. 
minimus may be self-sustainable and this species colo­
nizes temporary habitats when suitable (Delettre, 1986). 
Similarly in other generalist species that occupy tempo­
rary habitats, where they occur commonly but are main­
tained by immigration from more permanent habitats 
(Williams, 1987). Most generalists are limited by habitat 
duration and as a consequence become more common 
when the duration of the suitable phase of the habitat is 
long (Williams, 1987). However some generalists, such 
as Apedilum elachistius, are well adapted for using tem­
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porary habitats because they have the shortest life cycles 
(Nolte, 1995).

As is apparent from these examples the habitats used by 
both temporary habitat specialists and generalists show a 
gradient in habitat persistence. For specialists the persis­
tent and the temporary habitats are similar in character, 
whereas for generalists there is a greater difference 
between these habitats. Persistence of generalists in tem­
porary habitats may be limited by their life cycle duration 
(Williams, 1987). However, the extremely short life cycle 
of the generalist, A. elachistius, indicates that other fac­
tors are important for temporary habitat specialists. The 
pattern of environmental stochasticity could be an impor­
tant factor affecting the use of more permanent habitats. 
The use of more stable habitats may be advantageous 
when environmental conditions are highly spatio- 
temporarily correlated as when a seasonal drought affects 
a large area (Delettre, 1986; McLachlan, 1988; Frouz & 
Kindlman, 2001).
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