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Abstract
The Antarctic region comprises the continent, the maritime Antarctic, the sub-Antarctic
islands, and the southern cold temperate islands. Continental Antarctica is devoid of insects,
but elsewhere diversity varies from two to more than 200 species, of which flies and beetles
constitute the majority. Much is known about the drivers of this diversity at local and regional
scales, with current climate and glacial history playing important roles. Investigations of
responses to low temperatures, dry conditions and varying salinity have spanned the
ecological to the genomic, revealing new insights about how insects respond to stressful
conditions. Biological invasions are common across much of the region and are expected to
increase as climates become warmer. The drivers of invasion likelihood are reasonably well
understood, though less is known about the realized impacts of invasion. Antarctic
entomology has advanced considerably over the past 50 years, but key areas, such as
interspecific interactions, remain underexplored.
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INTRODUCTION
Strictly speaking, continental Antarctica is devoid of insects. Their close relatives, the
springtails (105), are found in many of the continent’s ice-free areas (8, 101), which account
for less than 1% of its surface. Biogeographically, however, the Antarctic region includes a
much greater area than the eastern bulk of Antarctica. It extends to the Antarctic Peninsula,
the Scotia Arc’s South Orkney, South Shetland and South Sandwich archipelagos, the subAntarctic islands which lie around the globe between about 40°S and 58°S, and, depending
on the interpretation, to several cold temperate islands, such as the Tristan da Cunha
archipelago in the South Atlantic (122). Although various ecological and biogeographic
classification schemes exist for the region, and continue to be discussed (138), it has typically
been divided broadly into the continental Antarctic, maritime Antarctic, sub-Antarctic, and
the southern cold temperate zone (Figure 1). In the southernmost continental Antarctic zone,
insects are indeed missing, although elsewhere they can be abundant. Their diversity rises
from just two indigenous midge species in the maritime Antarctic (23) to several hundred
species, from a suite of orders, on the most diverse islands of the southern cold temperate
zone (16).
The insect diversity of the region first came to be known through a series of Antarctic
scientific expeditions. Among the earliest was James Clark Ross’ expedition (1839-1843),
which included the botanist Joseph Hooker. Hooker corresponded with Charles Darwin about
the aptery of the beetles and the only lepidopteran he found on Kerguelen’s Land (the
Kerguelen Archipelago) (73). In a theme that has long permeated discussions of the life
histories of Antarctic insects (12, 30, 59), Hooker countered Darwin’s idea that flightlessness
is common on islands to reduce the probability that individuals would be blown out to sea.
Elements of both Darwin’s and Hooker’s insights persist in modern discussions of the
evolution of dispersal (10, 44). Later surveys included the German South Pole expeditions
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1901-1903 (47), concerted efforts by a range of workers to document the diversity of the
French sub-Antarctic islands (41, 79), and several expeditions dedicated to the biological
exploration of particular islands (72).
Perhaps the most comprehensive of the more recent assessments of Antarctic
entomological diversity came from a series of surveys coordinated by J.L. Gressitt, resulting
in a wide-ranging set of taxonomic studies of the faunas of the Antarctic region (58, 60, 61).
They also provided the basis for analyses of the diversity and biogeography of the region and
overviews of the life histories typical of Antarctic insects (59). Although much subsequent
Antarctic entomology has been undertaken, Gressitt’s works constitute the last
comprehensive assessments for the region. Several, more recent reviews are available, but,
with a few notable exceptions (42, 144), these have typically been focussed on conservationrelated matters (19, 52, 92), or have been more broadly themed to include consideration of
other groups of organisms (24, 133) and/or other regions (109).
Here we therefore provide a synthesis of the considerable growth in entomological
knowledge of the broader Antarctic region. First we review what is known about regional
variation in insect diversity and the mechanisms underlying it. We then consider local drivers
of assemblage diversity and its constituent species. Because extended life cycles and a
preponderance of flightlessness have so long been a focus of work in the region we examine
current knowledge on the life histories and trophic relationships of Antarctic insects. We
include in this section the rapid progress that has been made in understanding the
mechanisms underlying physiological tolerances, especially of low temperatures and dry
conditions. We then adopt a conservation perspective. Many insects have been introduced by
humans to the region, including some which survive in research stations in the continental
Antarctic (76), and some have been shown to have significant impacts on indigenous species
and ecosystems (52, 77). Indigenous insects are also affected by other invasive species such
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as introduced rodents. In addition, both the Antarctic Peninsula and many of the subAntarctic islands are undergoing rapid climate change (27, 142). In consequence, we review
these two major conservation challenges and the problems their interactions are likely to
bring.

REGIONAL AND LOCAL DIVERSITY
Regional diversity
As a consequence of substantial survey work spanning the last 50 years, the indigenous insect
faunas of most of the major islands of the Antarctic region are reasonably well known (see
Supplemental Materials Table S1 for a geographically explicit list). Apart from the low
diversity Antarctic Peninsula and South Shetland Islands (i.e. maritime Antarctic), featuring
at most two midge species, richness is lowest on McDonald Island in the Heard Island group,
with six known species, and highest on the Auckland Islands with more than 230 known
species. Repeated surveys of some islands have generated a small increase in diversity over
time, largely as a consequence of the discovery of cryptic species or searches of previously
unexamined habitats (13, 39, 63, 81, 97, 112), although traditional systematic work has also
resulted in changes to the faunas (e.g. 107, 114, 119, 148).
Molecular work has emphasized the substantial role of dispersal in the biogeography
of the region. For example, the phylogeography of the weevils of the South Indian Province
islands (Figure 1) indicates that colonization of the western Prince Edward Islands must have
taken place repeatedly from islands to the east, against the prevailing westerly winds (63), so
vindicating earlier hypotheses to this effect based on morphological analyses (42, 43).
Relatively intricate phylogeographic relationships have also been shown among midges in the
genera Belgica, Parochlus, and Eretmoptera, with no resolution of how the two Belgica
species, endemic to the Antarctic Peninsula and Îles Crozet, respectively, are related in the
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context of other midge diversity in the region (1). Nonetheless, the current taxonomic
placement of Eretmoptera murphyi Schaeffer, which is endemic to South Georgia, is
incorrect, with the species being resolved in molecular terms as a third member of Belgica.
The evidence also shows that B. antarctica survived multiple Pleistocene and earlier glacial
cycles in situ on the Antarctic Peninsula, with repeated dispersal bouts during that time (1).
Dispersal has clearly been an important biogeographic process for other insect and arthropod
groups (31, 101, 108), and for plants (113, 147) in the region. Unfortunately, no studies have
yet used molecular approaches to investigate the biogeography of insect taxa across the entire
Antarctic region. Questions such as the origins of the faunas of the South Indian Province
islands and their relationships to other faunas, like those of the New Zealand sub-Antarctic
islands, thus remain unresolved (79, 88, 104), despite indications of such relationships among
the vascular plants (147). By contrast, it is clear that insect faunas from the Antarctic
Peninsula, the Scotia Arc archipelagos, South Georgia, the Falkland Islands and the Tristan
da Cunha archipelago are most closely related to those from South America, while those on
the New Zealand sub-Antarctic islands have a strong New Zealand element (81, 97, 106,
112).
From an ecological perspective, species richness variation across the region is now
well understood. Early work suggested that geographic isolation, low current temperatures,
and the extensive glaciation of several of the islands (reviewed by 70) were responsible for
the patterns of species richness variation, with area playing a minor role. Recent analyses
have borne out the positive relationship of richness with ambient temperature, but also shown
positive relationships with island area and plant species richness, and a negative relationship
with isolation (16, 17, 123). Although investigations of turnover in the form of beta diversity
have not been undertaken, analyses of nestedness indicate that it is much lower in the insects
than in other groups (vascular plants, land birds, sea birds) in the region. The extent of
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nestedness among the assemblages is also much lower than that typically found for insect
assemblages elsewhere, probably as a consequence of the different biogeographic origins of
the assemblages on different islands and limited dispersal ability of the constituent species
(62). Thus, although some aspects of the region’s insect assemblages are unusual, diversity
patterns are in keeping with expectations of species-energy theory and the way in which
assemblages are structured generally (53, 143). In other words, the signal of glacial and/or
geological history in diversity patterns has either been partly tempered by, or is collinear with
that derived from contemporary ecological processes. Nonetheless, such a signal of history is
likely to be discernible in patterns of relationships among particular populations on any given
island, as is the case for the influence of volcanic and glacial events on the weevils of the
sub-Antarctic Prince Edward Islands (64).
Perhaps the most widely recognized characteristics of the insect faunas are a
preponderance of flightlessness (Figure 2), and disharmony (59). Disharmony was originally
coined to describe biotas having a high proportion of species that disperse easily,
acknowledging that subsequent to dispersal, flightlessness might evolve quickly (12). In an
Antarctic context, Gressitt (59) broadened the idea to refer to the absence or low richness of
many insect groups, such as the Hemiptera, Lepidoptera and Hymenoptera on many of the
islands, which tend to have assemblages dominated by beetles and flies. The more remote
islands are also characterized by few aquatic insects other than chironomid midges, though
diving beetles are found on some of them (2, 81). No modern analyses have sought to revisit
this question, perhaps because the idea of a fauna somehow being in harmony is
anachronistic. Nonetheless, the unusual higher taxonomic composition of the insect
assemblages of many of the islands, at least by continental standards, seems to be a
consequence partly of processes associated with their isolation and the propensity of species
to be dispersed passively or by birds, given that once transported to the islands by human
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agency, many taxa otherwise absent from these islands establish and spread successfully (52,
92). An environmental filter must also play a significant role in determining assemblage
membership because aerial dispersal in the region, and associated successful arrivals have
been recorded, albeit infrequently (56, 95).
Modern assessments of the extent of flightlessness across the region are likewise
uncommon and no recent investigations have sought to explore, in an Antarctic context, the
range of hypotheses proposed for its evolution (10, 44, 117). The most recent proposals have
tended to focus on the idea that substantial investment in the flight system has been
relinquished in favour of contributions to other fitness components, such as growth and
reproduction (150), given the relatively stable, low energy environments (30). The idea of
selection against unwanted dispersal has, however, retained some currency (21), while the
two alternatives are not mutually exclusive.

Non-indigenous species and homogenization
Although the European human presence in the Antarctic region is relatively recent, dating
from about the mid-18th Century, its impacts have been substantial and are ongoing, largely
associated with continued and often expanding activity (27). Most significant, from an insect
regional diversity perspective, are the substantial number of inadvertent introductions, many
of which have resulted in successful establishment, and subsequent impacts on the local
biota. Approximately one third of the ca. 200 non-native species known to be established in
Antarctica and the sub-Antarctic islands are insects (52). Of all of the major sub-Antarctic
and southern cold temperate islands (i.e. excluding unsurveyed smaller islands of the
Falkland and Kerguelen archipelagos) in the region which harbour indigenous insect faunas,
only four are thought to be free of introduced insect species – McDonald (Heard Island
group); Apôtres and Pingouins (Îles Crozet); Bounty Island (New Zealand sub-Antarctic

9

Islands). The maritime Antarctic (except King George and Signy islands) is also free of nonindigenous insect species, despite being home to the indigenous midges Belgica antarctica
Jacobs and Parochlus steinenii (Gerke) Jacobs. Areas which are free of introduced species
are uncommon globally given the scope of biological invasions, especially on islands (120).
Gough Island has the highest number of established non-indigenous species,
accounting for 71 of its 99 recorded insect species, and representing a 2-3 order of magnitude
increase in colonization rate relative to background levels (54). This apparently unusual
situation may, however, reflect lack of recent surveys for non-indigenous species on some
islands. In the Gough Island example, the number of recorded non-indigenous species rose by
40 between comprehensive surveys in the mid-1950s (72) and the most recent one in the
early 2000s (81), largely associated with increasing human activity on the island between the
two surveys (17). Both on the Antarctic Peninsula and on the Southern Ocean islands new
introductions associated with human activity continue to be recorded despite often stringent
biosecurity regimes (74, 93, 146). Warming climates are also expected to promote
establishment of new arrivals by making available additional degree-days for development
and by lowering the likelihood of mortality (14).
Indeed, the factors most strongly related to variation in the richness of non-indigenous
taxa across the region are numbers of human visitors per annum (only Tristan da Cunha and
the Falkland Islands are permanently occupied by settlements) and mean ambient temperature
(16, 62). Increases in both are being recorded in or forecast for the region in general, although
not uniformly across it (17, 27, 142). Thus, establishment probability is becoming higher,
while biosecurity procedures, at least in some areas, are also increasing. Biotic facilitation is
also contributing to the growing probability of establishment. For example, it appears that the
invasion of South Georgia by dandelions, Taraxacum officinale could have promoted the
colonization of a previously absent hover fly Eristalis croceimaculata Jacobs, and may also
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have promoted the establishment of the blowfly Calliphora vicina Robineau-Desvoidy, both
of which regularly use dandelion flowers (25) (Figure 2). Similarly, the establishment of the
aphid parasitoid Aphidius matricariae (Haliday) on Marion Island required the previous
introduction of aphids (93). While no evidence exists for invasional meltdown in the region,
in the absence of any attempts at eradication of non-indigenous insects, and very little
successful eradication of plants (124), the likelihood of further facilitation seems high.
Although species from a variety of regions have been introduced to and established
outside stations on islands across the Antarctic region (see Supplemental Materials Table S1),
many of the species are of European origin, and have been introduced to several of the
islands (52). In consequence, non-indigenous assemblages are far more nested than
indigenous ones (62), and the introductions have resulted in taxonomic homogenization, with
insect assemblages increasing by 0.7% in similarity across the entire region (125). This level
of taxonomic homogenization is much lower than that found for more heavily impacted
island systems elsewhere (50). By contrast, the addition of functional groups previously
absent on many of the more isolated islands, such as predators, pollinators, parasitoids, and
groups with piercing/sucking mouthparts, suggests that, functionally, some of the islands may
have become more differentiated. Unfortunately, comprehensive trait-based analyses are yet
to be applied to the region’s insects.

Local diversity
Most investigations of local diversity have sought to examine the extent to which
assemblages differ among the major vegetation types on various Southern Ocean islands.
Surprisingly, species distribution modelling, and associated attempts to identify the factors
influencing local species distribution limits and variation in abundance, are rare for the region
(65). A single application of this approach has been to forecasting the potential distribution of
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the sub-Antarctic chironomid Eretmoptera murphyi, which has been transferred by human
agency to parts of the maritime Antarctic (77). Thus, forecasts for the likely impacts of
changing climates lack a substantial evidence base in explicit modelling, based on
physiological and/or distributional information, as is typically implemented elsewhere (82).
Marked variation in the abundances of species in a given assemblage exists among the
different vascular plant vegetation types typical of the lowlands of the more southerly islands,
and of entire islands further to the north (35, 81, 118, 145). In part these patterns appear to be
driven by nutrient availability, with higher abundances typically found in nutrient-enriched
tussock grassland and other sites (11, 80). By contrast, habitat specificity is not pronounced,
with most species tending to occur across a broad variety of vegetation types, reflecting a
predominance of detritivory and, for the herbivores, the rarity of host plant specificity
(though it is by no means absent (30)). These patterns are relatively well established for
South Georgia, the South Indian Province islands, Gough Island and Macquarie Island. By
contrast investigations of assemblage variation among different vegetation types have not
been widely undertaken on the New Zealand sub-Antarctic islands (118) or other more
northern islands.
Perhaps the largest distinction on most of the islands is between assemblages typical
of vascular plant vegetation and those that occur in fellfield or in the intertidal zone. Fellfield
typically comprises exposed rocky areas with sparse lichen and bryophyte cover and with
cushion-forming vascular plants in warmer moister sites (8). Among the ectemnorhine
weevils, for example, richness is highest in the fellfield areas, with lowland vegetated areas
harbouring fewer species (15). Originally it was thought that this may have been due to
vascular vegetation being much reduced during glacial maxima with novel weevil radiations
since the last Pleistocene glacial maximum, but molecular work has rejected the idea (63). By
contrast, the Diptera are less common in fellfield habitats and tend to predominate in the
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littoral and supra-littoral zones, with a few species found also in vegetated areas or associated
with freshwater habitats (57, 91, 140). Again, the preponderance of species in the coastal
fringe on some islands, but not on others, has been ascribed to the influence of glaciation
across the region. Only a few studies have examined the influence of glacial history from a
phylogeographic perspective, typically showing extended evolutionary histories in the region
and local differentiation associated with glacial cycles (1, 64, 112), as is the case also for
springtails (101) and mites (108).
Most of the assemblage-level investigations have not sought to determine what factors
might underlie assemblage membership or variation in the abundances of assemblage
members. Despite suggestions that interspecific interactions such as competition, pollination,
parasitism and predation are less important in structuring indigenous assemblages in the
Antarctic than elsewhere (21, 144), and that abiotic factors such as temperature and water
availability have the predominant influence, tests of these ideas are uncommon for the
insects. The reduced role of parasitism is obvious from the scarcity of parasitoids
(Supplemental Materials Table S1), as is the general lack of either insect-pollinated plants or
pollinating insects, certainly on the sub-Antarctic islands and in the maritime Antarctic (121).
The influence of interspecific competition has largely been inferred from mensural, rather
than experimental, studies with some evidence that it may be important for indigenous
carabids on Île de la Possession (36) and for structuring weevil assemblages (15). None of
these studies meet the full suite of rigorous criteria currently applied to examine evidence of
interspecific competition (131), thus leaving open the central question of the extent and
importance of such interspecific interactions in Antarctic insects.
Investigations of the roles of abiotic factors are likewise scarce. Original work on the
maritime Antarctic Belgica antarctica established the importance of both temperature and
water availability in determining its abundance and occurrence (78). Much work has since
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been done to establish the molecular and physiological basis of the ability of this species to
complete is life cycle in its preferred habitat (133). Two studies have modelled the correlates
of species incidence or abundance on Macquarie Island and on Heard Island, respectively
(33, 34). Vegetation type and elevation are independent variables common to both studies,
and both often showed strong relationships with either a species’ incidence or abundance.
What mechanisms lie at the heart of these patterns is not clear because temperature, wind
speed and precipitation vary with elevation on these islands. Nonetheless, some species
respond very strongly, in terms of behaviour, to abiotic conditions, being active typically
when conditions are warm and moist (18, 111). In addition, relationships do exist between the
physiological tolerances of species and the habitats they occupy. High salinity tolerance is
characteristic of coastal flies (91), and of those species periodically exposed to high salinities
(45). High resistance to desiccation is also typical of rock face-dwelling weevils relative to
their counterparts from moister vegetated areas (15). Likewise, thermal tolerance does tend to
mirror elevational gradients (87) suggesting that responses to the abiotic environment are
common (see below). Nonetheless, although it may be fair to assume, based on species
distributional information and variation in physiological tolerances, that abiotic factors
largely determine spatial variation in abundance and range limits, for the insects this remains
speculative across the entire region, except perhaps for B. antarctica, where the evidence is
more compelling.

LIFE HISTORIES
Life cycles and trophic relationships
Extreme seasonality and long periods of continuous sub-zero temperatures characterise the
continental and maritime Antarctic, while the sub-Antarctic islands, by contrast, are
chronically cool, but show only a few degrees of variation in temperature throughout the year
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(144). In the former, conditions compatible with biological activity are typically intermittent
and short-lived, while in the latter activity can sometimes take place year-round, and life
cycles may even become decoupled from the seasonal cycle (22). In the context of general
life history models, the strategies of polar terrestrial invertebrates show features consistent
with ‘adversity’ or ‘stress’ selection (21, 30, 40), such as investment in stress tolerance,
limited competitive and dispersal abilities, low reproductive investment, and extended life
cycles. While life cycles do not extend to the record lengths of periodical cicadas, they are
typically 1-2 years, much longer than that for insects on average (ca. 10-40 days) (67). In
more extreme parts of the Antarctic region, completion of only a proportion of the life cycle
can take place within a single summer season. This clearly leads to a requirement for
overwintering in more than one developmental stage, which is an unusual feature for insects
generally.
Considerable flexibility in life history and physiological features is typical, including
variation in responses among adult and juvenile stages (100). Such flexibility is advantageous
in environments that are both chronically near the limits for biological activity and typified
by rapid and unpredictable variation, at least at microhabitat scale. Strong circumstantial
evidence exists for adaptation given the typically significant investment in cold and
desiccation tolerance strategies (133), and evidence for adaptational signal in these traits in
insects elsewhere (71, 84), but for other characteristics, such as extended life cycles, the
evolutionary pathways through which they have arisen are less clear.
Diapause is a common feature of life cycles in Arctic insects (32), where it is also
important in synchronizing life cycles. In contrast, true (cued) diapause is rare in the
Antarctic (21), although in reality this may reflect the lack of insects in more extreme
regions, and therefore the focus of studies on micro-arthropod groups. In these more extreme
regions, the unpredictability of risk of challenge from freezing or desiccating conditions may
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make it difficult to identify a reliable cue for diapause initiation, while the costs of
inappropriate initiation will be high. In the less extreme sub-Antarctic, the very limited
environmental variation may diminish the requirement for a structured overwintering
strategy. Few confirmed examples exist of true diapause in sub-Antarctic insects, one such
being the South Georgia diving beetle Lancetes angusticollis (2). It is not clear whether the
well-studied chironomids B. antarctica and E. murphyi undergo diapause. In the maritime
Antarctic, where the former is native and the latter introduced, both species have a biennial
life cycle, overwintering twice as larvae (23, 132). As yet it has proved impossible to
stimulate collections of E. murphyi larvae made in the field and maintained in the laboratory
to continue to pupation and eclosion, an observation implying that some form of diapause
stimulus is required.
Insect trophic relationships in the region tend to be dominated by primary consumers.
Herbivory and detritivory are common, while predation and parasitism are more limited,
though with a trend to increasing complexity of relationships on the more temperate islands
(21, 30, 59, 141, 144). Introduced species have tended to alter the situation, with hyperparasitism now being recorded on some islands (81). From an ecosystem perspective, it is
thought that much of the energy and nutrient flow is through the decomposition cycle (129),
given apparently limited herbivory. In reality, this assumption is largely untested, with some
notable exceptions (37, 130). Among these, two recent works have demonstrated that nonindigenous insects (Eretmoptera murphyi on Signy Island (77) and Limnophyes minimus
(Meigen) on Marion Island (66)) can substantially increase decomposition rates relative to
background levels, illustrating the profound impacts that can be wrought on ecosystem
functioning by invasive species.

Thermal tolerance and desiccation resistance
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Insects in Antarctica are exposed to a range of largely physical environmental stresses, but in
particular to extremes of temperature and low water availability. These stresses are not
uniform across the regions considered here. Investigations of responses to abiotic challenges,
including physiological, biochemical and, increasingly, genomic approaches, have
profoundly increased modern understanding (8, 40, 127, 133). Many of the studies have
tended to consider responses to an individual environmental stressor in isolation, although the
importance of recognising that stressors often act in combination, or that their effects may
integrate over time/multiple exposures has been widely recognised (4, 7, 49, 99). For
example, caterpillars of the endemic Marion Island moth Pringleophaga marioni Viette that
are exposed to repeated experimental low temperature exposure in summer show mass loss
and delayed development, which they avoid when resident in wandering albatross nests
warmed by the adult birds or chicks (128).
Cold hardiness strategies in Antarctic insects include freeze avoidance, freeze
tolerance and cryoprotective dehydration, although moderate freeze tolerance appears to be
the most common strategy, likely as a response to unpredictable temperature variation (127,
133). In Arctic insects (except those from of its highest reaches), freeze avoidance is more
common. Nonetheless, more complicated bet-hedging cold hardiness strategies have also
been documented in Antarctic insects, including changes in response among stages and with
age (6, 89, 100), while low temperature acclimation responses are common to many of the
species investigated to date, and include rapid cold hardening (5, 40, 134, 149). Activity
limits in the form of critical thermal minima are typically low, and often close to lethal
temperature limits (87, 115).
Investigations of upper thermal tolerances are less common than those of low
temperature tolerance. Typically, upper thermal limits are much higher than might initially be
expected for insects from polar regions (e.g. critical thermal maxima of 34°C to 39°C in sub-
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Antarctic weevils and the alien ground beetle Merizodus soledadinus (Guerin-Meneville) (87,
90)), but in keeping with the sometimes high microclimate temperatures recorded across the
region (8, 21). As is the case for many other insects (20), variation in upper thermal limits,
both among taxa and in response to acclimation, tends to be lower than that for lower thermal
limits. Importantly, these short-term upper thermal tolerance limits may still be much higher
than the long-term capabilities of many of the species (67), reflecting the short-lived nature of
high maximum temperatures in the region.
Conditions can be very dry in Antarctic habitats. Even on the wetter sub-Antarctic
islands, high wind speeds mean boundary layer disruption, which leads to considerable
drought stress (86). These conditions, together with an abundance of species in either dry
fellfield or rock face habitats, or in the littoral zone, have led to much work on dehydration
tolerance, water balance and osmoregulation in species from Antarctic environments (69,
133). Many of the indigenous species are surprisingly tolerant of desiccation and/or capable
of dealing with wide variations in salinity (86, 91, 110). Although these capabilities appear to
vary with habitat use and among taxa (86, 133), formal comparative investigations are
uncommon.
The chironomid Belgica antarctica has been an iconic species in Antarctic insect
ecophysiological research. The adults of this species are short-lived, but its larvae require two
years to complete development and must survive exposure to low temperatures, dehydration
and osmotic stress (7). The larvae employ cryoprotective dehydration as part of their strategy
of low temperature survival (46, 135), complementing their ability to tolerate considerable
desiccation (68), and to respond to substantial changes in salinity associated with seawater
inundation and precipitation (45). Repeated bouts of dehydration may significantly lower
both energy reserves and survival (136), while repeated low temperature exposure is more
problematic for frozen larvae than for those that have undergone cryoprotective dehydration
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(135). Much work is now being done to understand the genetic and molecular basis of the
species’ strategy (98, 99, 103, 137), including investigations of the role of aquaporins (55)
and constitutive heat-shock protein expression (116). Indeed, the first full genome sequence
made available for any Antarctic arthropod is for B. antarctica (85). Strikingly, this is the
smallest genome yet known for an insect, as a consequence of low repeat density and
reduction in intron length. Environmental extremes have apparently constrained gene
architecture rather than gene content because the number of genes in the species’ genome is
similar to that of other Diptera (85).

ENVIRONMENTAL CHANGE AND CONSERVATION
Although human impacts have a relatively short history in the Antarctic, many of them are
now similar to those found elsewhere. In terrestrial environments, large-scale habitat
modification and overexploitation are generally limited, owing to an absence of indigenous
human populations and few species to exploit (excluding seals and seabirds which we
consider marine), though research station and earlier industrial (primarily whaling) footprints
may be quite large relative to the area of habitat available. Likewise, pollution is limited to
the immediate surroundings of research stations and previous industrial facilities such as
whaling stations, and has for the most part been limited. In consequence, the largest
environmental impacts are from invasive alien species, climate change, and their interaction
(27).
The substantial impacts of introduced predators, such as rodents, on local insect
faunas have been well-documented across a range of islands (52, 118). Not only have these
effects resulted in population declines (29), but they have also precipitated changes in
subsequent ecosystem functioning such as the extent to which mineralization and peat
formation takes place (129). Moreover, an interaction appears to exist with changing

19

climates. The expectation is that rodents will have greater survival and reproductive output as
climates warm (130), as is happening across much of the region (142), so causing further
impact. Although increasing temperatures should benefit insects, given a positive relationship
between many aspects of fitness and temperature (51), and the relatively high lethal
temperatures of many of the species so far examined (see above), this may not be the case.
For example, caterpillars of the flightless moth, Pringleophaga marioni, on Marion Island
show significant mortality if held for prolonged periods at 15°C, despite having much higher,
short-term upper lethal temperatures (67). A further illustration of the negative nature of the
climate change x invasion impact also comes from the Prince Edward Islands. Here, weevils
that are not prey of introduced house mice are showing body size declines in step with
increasing ambient temperature, so conforming to expectations of what has been called a
temperature-size law for ectotherms (3). But those which are preyed on are increasing in size
on Marion Island, on which house mice are abundant, while showing the opposite trend on
neighbouring Prince Edward Island, where mice have never occurred. On Marion Island,
size-specific predation on large individuals and high energy demand by mice during winter
lead to reduced average body sizes in cool years (139).
Direct impacts on indigenous insects by others introduced to the islands have also
been demonstrated. For example, the predatory carabids Trechisibus antarcticus (Dejean) and
Merizodus soledadinus have been introduced to South Georgia, and the latter species to
several islands in the Kerguelen archipelago. On both major island groups they have spread
rapidly (26, 92). At South Georgia they are having pronounced impacts on the endemic
perimylopid beetle Hydromedion sparsutum (Muller) (48), while on the Kerguelen
archipelago impacts are on endemic flies, especially Anatalanta aptera Eaton (14, 92).
Many studies have inferred the likely substantial consequences of climate change on
indigenous insect faunas, based on information on life cycles, physiological tolerances, and in
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some cases distributional data. The circumstantial evidence suggests that such impacts will
indeed be realized, particularly given considerable responses by plants and by other arthropod
taxa (28, 96, 102). By contrast, the direct evidence for and records of impacts are much more
limited (139). Experimental manipulations are rare, little quantitative modelling has been
undertaken, and repeated surveys which might reveal changes in the abundance and/or
distribution of indigenous species are uncommon. The situation stands in sharp contrast to
investigations of springtails and mites (9, 28, 94), from which generality for the region has
been derived. For insects, therefore, much of the understanding required to determine the
factors underlying variation in abundance and distribution, the extent to which data match
theoretical expectations, and the actions required to secure conservation of a wide variety of
species endemic to the region is lacking.
From the perspective of conservation action, the most extensive interventions to date
have been to improve biosecurity across many of the islands (27). Such an approach makes
sound biological sense given that prevention is more effective than attempting control further
downstream in the invasion pathway (126), particularly in circumstances where the species
introduced are likely to be small and cryptic (75). By contrast, no published assessments exist
of the formal conservation status of any of the region’s insects. At least based on the IUCN
Red List criteria, such as geographic distribution and rate of population decline, it would
seem, nonetheless, that several species should be considered vulnerable at the very least. In a
similar vein, no assessments of threat to ecosystems (83) have been undertaken, even though
it might be expected that as climates change, some local systems or habitats such as fellfield
might be replaced by mire grassland (96), with no scope for elevational refuge for the former,
and thus threat both to the system and its diverse constituent species (8, 15, 35, 140).

CONCLUSIONS
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Antarctic entomology has advanced substantially in the nearly 50 years since Gressitt (59)
gave impetus to the field. Indeed, it is at an exciting stage given progress in genomics and
phenomics, improved access to the region, and developments in biological theory generally.
Nonetheless, several scientific and conservation challenges remain. These challenges are
interrelated, given that conservation-related problems, such as the movement of species
within the region to areas in which they have not previously occurred (75), can substantially
affect the extent to which science might unveil the history and current ecology of the region’s
insects.
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Reference annotations
6. An early study demonstrating the consequences of repeated low temperature exposures for
the cold hardiness strategies of Antarctic insects.
14. One of the few studies demonstrating the impacts of invasive alien insects on the
indigenous fauna and the increase in impact expected as a consequence of global climate
change.
29. Where rodents have been introduced they have substantial impacts on insect faunas in the
region, as this study clearly demonstrates.
59. A comprehensive early assessment of the biogeography, ecology and life histories of
Antarctic insects.
85. The first full genome sequence made available for an indigenous Antarctic insect species.
92. An integrated examination of the threats posed to local ecosystems in the sub-Antarctic
by insect introductions, their potential to transmit plant disease, and the ongoing effects of
climate change.
106. One of the few studies examining insect biogeographic relationships across the entire
region.
112. Molecular evidence showing that ancient endemics have persisted in situ on the islands,
drawing a strong contrast with patterns in climatically similar areas of the Northern
Hemisphere.
135. In this midge species, larval fitness is enhanced most when individuals remain dry and
can avoid inoculative freezing.
144. A comprehensive assessment of the mechanisms underlying the substantial differences
in diversity patterns among Arctic and Antarctic insect faunas.
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Figure legends
Figure 1. Biogeographic classification of the Antarctic region. The major divisions for
terrestrial areas are: 1. Continental Antarctica, which incorporates all of the Antarctic
Conservation Biogeographic Regions (ACBRs) except North-east, North-west and Central
south Antarctic Peninsula; 2. Maritime Antarctic, which includes the three ACBRs excluded
above, and the South Orkney and South Sandwich Islands and Bouvetøya. 3. Sub-Antarctic,
which includes the sub-Antarctic island groups listed and South Georgia. 4. Southern Cold
Temperate, including the Tristan da Cunha, Inaccessible and Nightingale Islands, Gough
Island, the Falkland Islands, and Amsterdam & St. Paul Islands. The biogeographic regions
are derived from recent comprehensive classifications (38, 138). The sub-Antarctic islands
are sometimes divided into the South Atlantic Province (South Georgia), South Indian
Province (Prince Edward Islands to Heard and McDonald Islands) and South Pacific Province
(Macquarie and New Zealand sub-Antarctic Islands). At times the southern cold temperate
and sub-Antarctic islands are grouped together as Southern Ocean islands.

Figure 2. Iconic flightless insects of the Antarctic region contrasted with a winged invasive
species. A. The indigenous chironomid midge Belgica antarctica Jacobs. Image with
permission of R.E. Lee Jr. B. The helcomyzid kelpfly Paractora dreuxi Séguy, indigenous to
several sub-Antarctic islands. Image with permission of O. Whitehead. C. The flightless
tineid moth Pringleophaga marioni Viette from Marion Island. Image: S.L. Chown. D. A
recent introduction to South Georgia, the hoverfly Eristalis croceimaculata Jacobs, on a
dandelion flower. Image: S.L. Chown.
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