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Why are there so few aphid species in the temperate areas
of the southern hemisphere?
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Abstract. An answer to this question is proposed on the basis of the assumed evolutionary history of
aphids based on palaeontological studies, zoogeographical data and estimated origin of each aphid genus
in the world. An adaptive radiation of Aphididae and Lachnidae occurred rather late in the Tertiary on the
northern hemisphere, and the tropics acted as a barrier. Most aphid genera endemic to the temperate re-
gions of the southern hemisphere belong to other groups. The life cycles of aphids are discussed, and it is
concluded, that the life cycles characteristic to most aphids in the temperate regions of the northern hemi-
sphere are developed as an adaptation to the climatic conditions there.

INTRODUCTION

Contrary to most other taxa of high range, the species richness of aphids is greater in the
temperate regions than anywhere else. Two explanations have been given.

According to the first one (Bodenheimer & Swirski, 1957; Heie, 1980) aphids are
adapted to climates with cold winters. They lay diapause eggs in autumn. Among the argu-
ments contradicting this hypothesis are the occurrence of two-years cycles and the occur-
rence of aphids with diapause eggs in the tropics. According to the second one (Dixon,
1985; Dixon et al., 1987) the low species richness in the tropics is due to a high plant di-
versity, making the chance of migration between conspecific hosts very small. Among the
arguments contradicting this hypothesis is the occurrence of monophagous species in the
tropics. These hypotheses do not explain why there are so few aphid species in the temper-
ate regions of the southern hemisphere.

THE ZOOGEOGRAPHY OF APHIDS

The species richness of a certain area (A) can be compared with that of other areas
when the number of species (S) is divided by A", where z is given the value 0.25 (Dixon et
al., 1987). It is important that the areas compared have been intensively studied with re-
gard to aphid faunas. A bias may be that the areas best studied occur in the temperate re-
gions of the northern hemisphere. So the number of species in Argentina may be too small,
while the number in New Zealand is more reliable. Another bias is the occurrence of de-
serts in some regions, so that the species richness of Australia may be underestimated.

All areas in Table 1 with S/A” larger than 100 are found in the temperate and some sub-
tropical regions of the northern hemisphere. The reason for the high species richness in
India is the rich fauna of the Himalayas at high altitudes.
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TasLE 1. Species richness of various areas.

A S S/A*
Alaska (1) 1478 29 5
Greenland (2) 341 20 5
Canada (1) 9215 632 65
Manitoba (1) 548 247 51
USA (1) 9167 1008 103
California (1) 405 497 107
Utah (3) 213 450 118
Pennsylvania (1) 116 347 106
Florida (1) 140 175 51
Mexico (4) 1973 220 33
Cuba (4, 5) 111 83 26
Venezuela (6,7) 912 51 13
Chile (6) 973 82 16
Argentina (6) 1780 110 15
Denmark (12) 43 458 178
Netherlands (4) 34 550 228
UK 4) 245 528 133
Poland (4) 313 591 141
Lithuania (8) 65 300 106
Eur. Russia (4) 3000 750 101
France (4) 551 700 144
Portugal (4) 92 340 110
Sicily (9) 26 311 138
Zamora, Spain (10) 11 225 124
Korea (11) 130 345 102
Turkey (4) 780 252 48
India (4) 3268 640 85
E. Africa (4) 1759 125 19
S. Africa (4) 1221 101 17
Australia (4) 7687 130 14
New Zealand (4) 269 91 22

A = area in 1000 km*, S = number of species, z = 0.25. (1) = Smith & Parron, 1978; (2) = Hille Ris
Lambers, 1952, 1960 (icefree areas only); (3) = Knowlton, 1983; (4) = Dixon et al., 1987; (5) = Holman,
1974; (6) = Smith & Cermeli, 1979; (7) = Cermeli, 1965, 1970, 1973; (8) = Rakauskas, Rupais & Juro-
nis, 1992; (9) = Barbagallo & Stroyan, 1980; (10) = Mier, 1978; (11) = Paik, 1965; (12) = Heie, unpubl.

GENERA ENDEMIC TO THE SOUTHERN HEMISPHERE

The difference between the faunas north and south of the subtropics on the northern
hemisphere becomes more obvious when a distinction between endemic and introduced
aphids is made. Most species in tropical and southermn temperate countries are recently in-
troduced. Many of them are cosmopolites and anholocyclic and/or polyphagous. Only 10
species of aphids in Cuba (Holman, 1974) can be regarded as endemic to the islands in the
Caribbean sea. Among the aphids of New Zealand (Cottier, 1953) only 6 are probably not
introduced by man. The inequality is even more obvious with regard to genera.

The total number of genera in the world is 500 (with 4425 species). Fig. 1 and Table 2
show their probable origin. Only 14% of the genera of Aphididae and 9% of Pemphigidae
are not of Holarctic origin, while the percentages are greater for Anoeciidae (50%, viz.
Aiceona Takahashi), Hormaphididae (52%), Drepanosiphidae (24%) and Greenideidae
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Fig. 1. Origins of 500 aphid genera.

(100%). A total of 392 or 78% are of Holarctic origin, among them all genera of Adelgi-
dae, Phylloxeridae, Mindaridae, Thelaxidae and Lachnidae, and 55% of these 392 genera
belong to Aphididae, only 25% to Drepanosiphidae + Hormaphididae + Greenideidae; 84
or 17% of all genera are from the Himalayas and tropical Asia and 17 or 3% from tropical
South America and Africa; only 36% of these 101 (84 + 17) genera belong to Aphididae,
while 60% belong to Drepanosiphidae + Hormaphididae + Greenideidae. Seven genera or
1% of the genera of the world are from the subtropical and temperate regions on the south-
ern hemisphere: Drepanosiphidae: Neuquenaphis Blanchard, Neosensoriaphis Quednau,
Taiwanaphis Takahashi (syn. Sensoriaphis Cottier) and Ceriferella Carver & Martyn;
Greenideidae: Anomalaphis Baker and Meringosiphon Carver; Aphididae: Casimira East-
op (closely related to Aphis L.). So there is a gradient towards the south from a low to a
high representation of Greenideidae and primitive Drepanosiphidae (Neophyllaphidini on
gymnosperms and Neuquenaphidini mainly on Nothofagus) (see also Table 3).

TaBLE 2. Origin of genera (total 500).

1 2 3
A =67,500 A =48,000 A =12,000
G G/IA* G G/A® G G/A*
Hormaphididae 23 1.4 25 1.7 0 0.0
Pemphigidae 39 2.4 4 03 0 G.0
Drepanosiphidae 74 4.6 19 1.3 4 G4
Greenideidac 0 3.6 i6 1.1 2 0.1
Aphididae 215 133 36 2.4 1 0.1
Other families 41 2.5 1 G.1 0 0.0
Total 392 243 101 5.8 7 0.7

G = number of genera, A = area of region in 1000 km? z = 0.25, 1 = Holarctic region except arctic parts,
2 = tropical regions, including the Himalayas, 3 = subtropical and temperate parts of the southern
hemisphere.

129



TaBLE 3. Origin of species.

1 2 ' 3
A =67,500 A =48,000 A =12,000

S S/IA” S SIA* S SIA*
Hormaphididae 75 4.7 122 8.2 0 0.0
Pemphigidae 277 17.2 28 1.9 0 0.0
Drepanosiphidae 550 34.1 94 6.4 26 2.5
Greenideidae 0 0.0 139 9.4 3 0.3
Aphididae 2293 142.3 263 17.8 9 0.9
Other families 517 32.1 29 2.0 0 0.0
Total 3712 2303 675 45.6 38 3.6

S = number of endemic species (estimated, rather uncertain; some genera have species belonging to dif-
ferent regions), A = area of region in 1000 km’, z = 0.25; 1-3: three regions: 1 = Holarctic region except
arctic parts, 2 = tropical regions, including the Himalayas, 3 = subtropical and temperate parts of the
southern hemisphere.

THE COMPOSITION OF THE APHID FAUNA IN THE PAST

The species richness on the family level in the past was remarkably different. While
most species belong to Aphididae today, viz. more than 58%, only few fossils of this fam-
ily have been found (Heie, 1990, in press). The first appeared in Upper Cretaceous, and
only 4 species are known from Lower Tertiary, 4% of the total number. Most species from
Lower Tertiary have been placed in Drepanosiphidae and Pemphigidae.

Most recent genera of tropical or southern origin belong to groups, which occurred on
the northern hemisphere in the Tertiary. Fossils of Hormaphididae (Electrocornia antiqua
Heie from Baltic amber), Greenideidae (“Aphis” macrostyla Heer, morloti Heer and pal-
lescens Heer from Miocene, Yugoslavia) and the drepanosiphid tribes with recent occur-
rence in tropical or southern regions Lizerini (Mindazerius Heie & Poinar from Dominican
amber and some genera from Baltic amber, e.g. Oligocallis Heie) and Neophyllaphidini
(Aniferella Richards from Cretaceous Canadian amber) were all found on the northern
hemisphere, and Palaeosiphon Heie from Baltic amber seems to be related to the tropi-
cal/southern genus Taiwanaphis Takahashi (Neuquenaphidini).

All families alternate between parthenogenetic generations and a generation of sexuales,
so this must be an old phenomenon, developed during a warm period in the Mesozoic. It
was not originally an adaptation to climates with cold winters. Some developed two-years
cycles. Neophyllaphis, which is an old genus (Eastop, 1966), produces sexuales from May
to November in Japan and in November (spring) in New Zealand (Cottier, 1953), and sex-
uales are also known from regions without seasonal variation. Mindarus, which was richer
in species in Lower Tertiary than now, develops sexuales in early summer.

DISCUSSION AND CONCLUSIONS

The Aphididae became rich in species during the last part of the Tertiary. An adaptive
radiation took place, and the reasons were partly environmental changes and partly the fact
that Aphididae was a little specialized group able to exploit the new environment. It con-
sisted of species with only small differences between morphs, few reduced or specialized
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characters and ability to feed on more than one or two plants. This family covers today a
wider range of host plants than any other aphid family.

" During the Tertiary the global climate became colder, especially at high latitudes, and
finally ice caps covered the polar regions. The vegetation changed. Herbaceous angio-
sperms originated in the end of the Cretaceous, but they did not form large plant societies
like grassland until after the Lower Tertiary.

It became advantageous to produce diapause eggs before the cold season and to acquire
herbaceous hosts in summer, as the phloem sap here was richer in nutrients than that of
woody plants (Dixon, 1985).

The hosts of most or all recent representatives of Adelgidae, Phylloxeridae, Mindaridae,
Drepanosiphidae, Thelaxidae, Pemphigidae, Hormaphididae, Greenideidae and Lachnidae
are woody plants. Host alternation between two woody plants developed early in Adelgi-
dae, Pemphigidae and Hormaphididae. Also Anoecia Koch acquired host alternation, but
the secondary hosts were grasses as in the case of some Pemphigidae. All these taxa have
apterous males, born by sexuparous alatae, and strongly specialized fundatrices. Some of
them (Adelgidae, Hormaphididae and the tribe Fordini) have two-years cycles.

The formation of grassland seems to have resulted in association with grasses during the
Tertiary, not only as secondary hosts as in Anoeciidae and Pemphigidae, but also as the
only hosts of some Drepanosiphidae (e.g. Siphini in the subfamily Chaitophorinae).

Aphididae became grass-feeding too. The reason for their rapid evolution and speciation
rate was that they were little specialized and capable to adapt contemporarily with the
environmental changes. They developed a new kind of host alternation remarkably differ-
ent from all others. Not only one, but two morphs return to the primary host, the gynopara
and the alate male, and the sexuales are morphologically similar to the parthenogenetic
morphs. Two-years cycles are unknown in this family, so their ecology fits climates with
cold winters. Host alternation between a woody host and a herb made it possible to utilize
the phloem sap of leaves and stems of herbs, in the beginning probably grasses, during
summer, when woody plants pay sap poor in nitrogen. Hille Ris Lambers (1939) pointed
out that many genera of Aphididae are associated with Rosales, and that their ancestor
probably lived on plants of this group. Obviously the ancestor of Aphidinae (not Ptero-
commatinae) acquired the above-mentioned new kind of host alternation between a woody
plant and a herb, and the ancestor of Rhopalosiphum Koch, Metopolophium Mordvilko and
Macrosiphum Passerini became host alternating between a woody plant within the Rosales
and one or several grass species.

It would be more advantageous to leave the primary host totally, so apparently some
constraints existed. Moran (1988) pointed out that the specialization of the fundatrix
impeded this evolutionary step. To overcome this constraint a new fundatrix had to be de-
veloped. It has happened in several cases, where the morphology of the fundatrices of
species monoecious on herbs are more similar to later generations of apterae than the fun-
datrices of related host alternating species. Not only fundatrices, but also sexuales are little
specialized in Aphididae, so the constraint is weaker than in other heteroecious families.
At present a very large number of rhopalosiphines and macrosiphines are monoecious on
grasses and other herbs. The evolutionary plasticity of most genera of Aphidinae is so
large that change from heteroecy to monoecy on herbs and also acquisition of new hosts
have occurred several times and still occur.
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Drepanosiphidae, also with little specialized fundatrices and sexuales, acquired herba-
ceous hosts too, but they did not host-alternate, and so had to get a new host totally in one
step.

At the same time species of Lachnidae, which originally were monoecious on woody
angiosperms (Lampel & Burgener, 1987), became associated with coniferous trees, among
them the ancestor of Cinara Curtis. When large areas on the northern hemisphere became
covered with conifers, another adaptive radiation took place, so that we today have more
than 200 species of Cinara.

According to both explanations of the low species richness in the tropics, spreading of
the numerous new species, especially Aphididae, towards the south was so difficult that
only few could penetrate the tropical region and get to the temperate regions on the south-
ern hemisphere. Tertiary representatives of Drepanosiphidae, Hormaphididae and Greeni-
deidae were adapted to climatic conditions similar to that of the tropics and the subtropics
of today. They could survive in the tropics during the end of the Tertiary, but in many
cases not in the colder climates in the north. Some descendants can now be found in tem-
perate regions on both hemispheres, but the fauna in the south is more like the Tertiary
fauna that in the north, because the great evolutionary events took place on the northern
hemisphere separated by the tropical barrier.

It might be argued that the tropics could be penetrated by polyphagous aphids from the
northern hemisphere, if they were able to develop anholocyclic strains, and then — when
arrived at temperate regions on the southern hemisphere — switch to production of sexuales
in response to cues that indicate the approach of winter. This has apparently not happened
before the modern introduction of appropriate plants by man. Even the polyphagous
species that remained anholocyclic on the southern hemisphere, e.g. Myzus ascalonicus
Doncaster and Jacksonia papillata Theobald, seem to have arrived in historic time.
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