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Hymenopteran species display levels of electro-
phoretic variation significantly lower than most
other insects, and a few of them lack variation al-
together. These observations are variably explained
by reduced heterozygote advantage, inbreeding, eu-
sociality, environmental stability conferred by the
nest microhabitat, facilitation of exposure of del-
eterious genes in the haploid sex, reproduction by
arrhenotokous parthenogenesis with balancing se-
lection, and small effective population size resulting
in a reduction in the amount of neutral polymor-
phism (Suomalainen, 1962; Crozier, 1970; Hartl,
1971, 1972; Snyder, 1974; Metcalf et al., 1975;
Pamilo et al., 19784, 1978b; Pamilo and Crozier,
1981; Wagner and Briscoe, 1983). Recently, Ber-
kelhamer (1983) tested several hypotheses con-
cerning the low levels of intraspecific genetic vari-
ability in Hymenoptera. Her conclusions were: (1)
Hymenopterans have significantly lower variability
than other insects due to their haplodiploidy. (2)
Primitively eusocial insects are less variable than
either solitary or advanced social species, implying
that eusociality arises as a consequence of inbreed-
ing. (3) Polygynous and monogynous species have
similar levels of variability, challenging the expec-
tations derived from both the neutral theory of evo-
lution (Kimura, 1968) and Hamilton’s (1964) hy-
pothesis. Hamilton’s hypothesis is later rescued by
assuming that the increased effective population size
provided by polygyny is balanced by a more severe
regime of inbreeding than in monogynous species.
Unfortunately, three major errors and several mi-
nor ones in the analysis raise doubts as to the va-
lidity of these conclusions.

The first error concerns the interchangeable use
of observed heterozygosity, H,,, (the average pro-
portion of heterozygous loci per individual) and
expected heterozygosity or average gene diversity,
H,,,, defined as the mean of A over all loci, where
h=1 — Z x? and x, is the frequency of the ith
allele at a locus (Nei, 1975). In her Procedures sec-
tion, Berkelhamer (1983) claims to have used H,,,,
but her data contain both H,, and H,,,. For ex-
ample, in the case of Opius juglandis and other
species from Lester and Selander (1979), she uses
H,.,, whereas, when given a choice between H,,,
and H,,,, as in the case of Rhytidoponera impressa
(Ward, 1980), she chooses H,,,. H,, is very sen-
sitive to the mating structure of a population and
the amount of inbreeding. When inbreeding is strong,

H,, can be very low, while H,,, is not affected. In
extreme cases such as selfing species (e.g., Selander
and Hudson, 1976) H,, is effectively 0, yet H,,,
can be large. We also note that haploid organisms,
which, by definition, have H,,, = 0, are among the
species with the highest gene diversity (Spieth, 1975;
Krzakowa and Szweykowski, 1979; Selander and
Levin, 1980; Gaur et al., 1981; Yamazaki, 1981).
For comparative purposes, H,,, rather than H,,
should be used as a measure of genetic variability
(for further details see Nei, 1975; Nei and Graur,
1984). In Hymenoptera, where mating structure can
assume diverse forms, the distinction between H,,
and H.,, is particularly important. While it may be
difficult to ascertain which species are inbred, the
fact is that, in almost all cases, H,, is less than H,,,,
such that using H,, will introduce a unidirectional
bias. In Heliothis zea, for instance, the difference
is 21%. It should be noted that other compilations
of protein polymorphism (e.g., Soulé, 1976; Nevo,
1978) often include a mixture of H,, and H,,,
The second problem concerns the number of loci
used to determine gene diversity. In Table 2 of
Berkelhamer (1983), 51 hymenopteran species are
listed, but the number of loci in the majority of
them is very low. Presumably, the same is true for
non-hymenopterans. Since genetic diversity is
known to have a huge standard error (Nei and Roy-
choudhury, 1974b), it is advisable to use estimates
based on at least 20 loci. This is especially true when
genetic variability is low, When different groups of
species are compared by pooling many species with-
in each group, fewer than 20 loci may be used,
provided that we examine the same set of loci. This
stipulation derives from the fact that different loci
have different levels of heterozygosity (for reasons
see Zouros, 1976; Harris et al., 1977; Koehn and
Eanes, 1977, 1978; Ward, 1977, Nei et al., 1978;
Turner et al., 1979). Moreover, since students of
genetic diversity tend to study the more polymor-
phic loci first, using a small number of loci tends
to introduce an additional bias in H,,,. This some-
times has dramatic effects on estimates of gene di-
versity. For example, in humans, estimates of H,,,
for blood groups are 0.264,0.197,0.130,and 0.114
when calculated in chronological order, on the basis
of 21, 34, 57, and 67 loci respectively (Nei and
Roychoudhury, 19744, 1982). In the case of Dro-
sophila pseudoobscura, H,,, was estimated to be
0.136 based on 46 loci (Fuerst et al., 1977), while
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TABLE 1. Hexy for insect populations.
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Order, suborder,

category Organism* Loci** Hexp Reference
Orthoptera Allonemobius allardi 18 0.130 Howard, 1983
A. tinnulus 18 0.107 Howard, 1983
A sp. Z 18 0.071 Howard, 1983
A sp. Y 18 0.094 Howard, 1983
A. fasciatus 18 0.110 Howard, 1983
A. socius 18 0.148 Howard, 1983
A. griseus 18 0.043 Howard, 1983
A. maculatus 18 0.017 Howard, 1983
Ceutophilus gracilipes 26 0.030 Cockley et al,, 1977
Gryllus integer 20 0.145 Nevo, 1978
G. bimaculatus 25 0.063 Nevo, 1978
G. veletis 18 0.119  Harrison, 1979
G. pennsylvanicus 18 0.068 Harrison, 1979
G. rubens 18 0.073  Harrison, 1979
G. firmus 18 0.050 Harrison, 1979
G. ovisopis 18 0.092 Harrison, 1979
G. sp. 1 18 0.042 Harrison, 1979
G. sp. 2 18 0.057 Harrison, 1979
Periplaneta americana 20 0.018 Nevo, 1978
Blatella germanica 16 0.015 Nevo, 1978
Gryllodes hebraeus 26 0.020 Nevo, 1978
Gryllotalpa gryllotalpa 21 0.029 Nevo, 1978
Troglophilus cavicola 16 0.082 Sbordoni et al., 1981
T. andreinii' 16 0.169  Sbordoni et al., 1981
Caledia captiva® 18-20 0.112 Daly et al., 1981
Hemiptera
Homoptera Magicicada tredecassini 15 0.174 Krepp and Smith, 1974
M. tredecula 15 0.153 Krepp and Smith, 1974
Philaenus spumarius 23 0.076 Sauraetal., 1973
Myzus persicae 19 0.000 May and Holbrook, 1978
Macrosiphum euphorbiae 18 0.070 May and Holbrook, 1978
Enchenopa binotata® 15 0.113  Guttman et al., 1981
Heteroptera Limnoporus caniculatus 16 0.219  Zera, 1981
i Gerris remigis 18 0.109  Zera, 1981
G. argentatus 15 0.053  Varvio-Aho, 1981
G. lacustris 16 0.165 Varvio-Aho, 1981
G. lateralis 16 0.055 Varvio-Aho, 1981
G. najas 16 0.000  Varvio-Aho, 1981
G. odontogaster 16 0.146  Varvio-Aho, 1981
G. paludum 16 0.080 Varvio-Aho, 1981
G. rufoscutellatus 16 0.044  Varvio-Aho, 1981
Oncopeltus fasciatus 18 0.024  Leslie and Dingle, 1983
0. aulicus 18 0.000 Leslie and Dingle, 1983
0. longirostris 18 0.040 Leslie and Dingle, 1983
0. sandarachatus 18 0.021  Leslie and Dingle, 1983
0. cingulifer 18 0.029  Leslie and Dingle, 1983
Lygus hesperus 17 0.256  Sluss et al., 1982
L. lineolaris 17 0.212  Sluss et al., 1982
L. desertinus 17 0.212  Sluss et al., 1982
L. elisus 17 0.255  Sluss et al., 1982
Coleoptera Otiorrhynchus scaber 25 0.309 Suomalainen and Saura,
1973
Strophosomus capitatus 25 0.170  Suomalainen and Saura,
1973
Dendroctonus jeffreyi 17 0.131  Higby and Stock, 1982
D. ponderosae 17 0.143  Higby and Stock, 1982
Agonum deocrum 15-17 0.204 Liebherr, 1983
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TasLe 1. Continued.
Order, suborder,
category Organism* Loci** Hexp Reference
Lepidoptera Solenobia triquetrella® 16 0.230 Lokki et al., 1975
S. 1.5 16 0.250 Lokki et al., 1975
S. 1.6 16 0.200 Lokki et al., 1975
Pectinophora gossypiella 31 0.324  Bartlett, 1981
Archips argyrospilus 15 0.112  Pashley, 1983
Argyrotaenia quercifoliana 15 0.155  Pashley, 1983
Clepsis clemensiana 15 0.131  Pashley, 1983
C. persicana 15 0.155 Pashley, 1983
Cydia caryana 15 0.101  Pashley, 1983
C. lautiscula 15 0.031  Pashley, 1983
C. membrosa 15 0.052  Pashley, 1983
C. pomonella 15 0.145  Pashley, 1983
Ecdytolopha mana 15 0.000 Pashley, 1983
Melissopus latiferreanus 15 0.125  Pashley, 1983
Ptycholoma peritana 15 0.118  Pashley, 1983
P. virescana 15 0.189  Pashley, 1983
Choristoneura retiniana 18 0.164  Stock and Castrovillo, 1981
C. occidentalis’ 15-18 0.136 Stock and Castrovillo,
1981; Willhite and Stock,
1983; Pashley, 1983
C. fumiferana 18 0.171  Stock and Castrovillo, 1981
C. biennis 18 0.134  Stock and Castrovillo, 1981
C. lambertiana 15 0.199  Stock and Castrovillo, 1981
Heliothis virescens 19 0.389  Sluss et al., 1978; Sluss and
Graham, 1979
H. zea8 21 0.327 Slussetal., 1978
Speyeria adiaste 16 0.084  Brittnacher et al., 1978
S. atlantis 16 0.089  Brittnacher et al., 1978
S. callippe® 16 0.137  Brittnacher et al., 1978
S. cybele 16 0.087  Brittnacher et al., 1978
S. coronis'0 16 0.109  Brittnacher et al., 1978
S. egleis 16 0.126  Brittnacher et al., 1978
S. hydaspe 16 0.113  Brittnacher et al., 1978
S. mormonia 16 0.136  Brittnacher et al., 1978
S. nokomis 16 0.029  Brittnacher et al., 1978
S. zerene!l 16 0.106  Brittnacher et al., 1978
Lymantria dispar 20 0.061 Harrison et al., 1983
Diptera Aedes aegyptil? 23 0.152  Tabachnick et al., 1979
A. atropalpus 17 0.033  Munstermann, 1980
A. epactius!3 17 0.075 Munstermann, 1980
A. triseratus 17-18  0.228 Matthews and Craig, 1980;
Munstermann et al.,
1982
A. hendersonii 18 0.154  Matthews and Munster-
mann, 1983
Anopheles marshalli sp. A 16 0.139 Lambert, 1983
A. m. sp. B 16 0.142 Lambert, 1983
A. m.sp. C 16 0.144 Lambert, 1983
A. m.sp. E 16 0.112 Lambert, 1983
A. malayensis 19 0.181 Hilburn and Rai, 1981
A. alcasidi 19 0.163 Hilburn and Rai, 1981
A. polynesiensis 19 0.113  Hilburn and Rai, 1981
A. kesseli 19 0.138 Hilburn and Rai, 1981
A. calceatus 17 0.156 Lounibos and Munster-
mann, 1981
A. soleatus 17 0.090 Lounibos and Munster-

mann, 1981
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TaBLE 1. Continued.

Order, suborder,

category Organism* Loci** Hexp Reference
A. ledgeri 15 0.154 Lounibos and Munster-
mann, 1981
A. mariae 26 0.071 Cianchi et al., 1978
A. zammitii 26 0.058 Cianchi et al., 1978
Discochaeta hyponomutae 16 0.096 Menken, 1982
Rhagoletis pomonella 15 0.182  Berlocher and Bush, 1982
R. mendax 15 0.205 Berlocher and Bush, 1982
R. zephyria 15 0.101  Berlocher and Bush, 1982
R. cornivora 15 0.105 Berlocher and Bush, 1982
R. cingulata 15 0.071  Berlocher and Bush, 1982
R. indifferens 15 0.060  Berlocher and Bush, 1982
R. suavis 15 0.061  Berlocher and Bush, 1982
R. completa 15 0.075  Berlocher and Bush, 1982
R. juglandis ] 15 0.087 Berlocher and Bush, 1982
R. boycei 15 0.062  Berlocher and Bush, 1982
R. fausta 15 0.107  Berlocher and Bush, 1982
R. tabellaria 15 0.090 Berlocher and Bush, 1982
R. juniperina 15 0.241  Berlocher and Bush, 1982
R. ribicola 15 0.095 Berlocher and Bush, 1982
R. basiola 15 0.199  Berlocher and Bush, 1982
R. cerasi 15 0.105 Berlocher and Bush, 1982
R. berberides 15 0.023  Berlocher and Bush, 1982
Zonosemata electa 15 0.043  Berlocher and Bush, 1982
Oedicarena latrifons 15 0.056  Berlocher and Bush, 1982
Epochra canadensis 15 0.118  Berlocher and Bush, 1982
Drosophila spp. Drosophila mercaptorum 21 0.124  Fuerst et al., 1977
D. heteronura 25 0.162  Fuerst et al., 1977
D. silvestris 25 0.151 Fuerst et al., 1977
D. engyochracea 20 0.127  Steiner, 19796
D. paulistorum 33 0.177  Powell, 1975
D. nebulosa 30 0.188  Powell, 1975
D. pseudoobscura 63 0.009 Cabrera et al., 1983
D. persimilis 43 0.107 Fuerstet al., 1977
D. miranda 43 0.085 Fuerstetal., 1977
D. melanogaster 25 0.154  Powell, 1975
D. robusta 40 0.123  Prakash, 1973
D. buzzatii 29 0.068 Fuerstet al., 1977
D. mimica 21 0.222  Steiner, 1979
D. busckii 30 0.039  Prakash, 1973
D. parabipectinata 23 0.111 Yangetal., 1972
D. bipectinata 23 0.199 Yangetal., 1972
D. malerkotliana'4 23 0.195 Yangetal, 1972
D. obscura 33 0.109 Lakovaara and Saura, 1971
D. equinoxialis 31 0.165 Ayalaetal., 1974
D. willistoni 36 0.192  Powell, 1975
D. subobscura 67 0.084 Cabrera et al., 1983
D. bifasciata 21 0.242  Saura, 1974
D. tropicalis 34 0.198 Powell, 1975
D. adiostola 31 0.142  Fuerstet al,, 1977
D. nigra 31 0.160  Fuerst et al., 1977
D. crassifemur 31 0.204 Fuerstet al,, 1977
D. simulans 53 0.064 Cabrera et al., 1983
D. guanche 68 0.066 Cabrera et al., 1983
D. madereinsis 67 0.103  Cabrera et al., 1983
D. ambigua 56 0.032 Cabrera et al., 1983

D. pavani 24 0.192 Nairetal., 1971
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TaBLE 1. Continued.

Order, suborder,

category Organism* Loci** Hexp Reference
Hymenoptera
Solitary
Bees Megachile pacifica 15-19  0.033  Lester and Selander, 1979
Nomia heteropoda 15 0.070  Metcalfet al.,, 1975
Savastra obligua 16 0.038 Metcalfet al., 1975
Sawflies Pontania vesicator 18 0.021 Pamilo et al., 19785
Wasps Stictia carolina 17 0.056 Metcalf et al., 1975
- Chalybion californicum 16 0.073  Metcalfet al.,, 1975
Scolia dubia dubia 15 0.051 Metcalfet al., 1975
Trypargilum politum 19 0.059 Metcalf et al., 1975
Diadegma armillata 19 0.048 Menken, 1982
Pimpla turionellae 29 0.038 Menken, 1982
Triclistus yponomeutae 20 0.020  Menken, 1982
Tetrastichus evonymellae 20 0.055 Menken, 1982
Ageniaspis fuscicollis 25 0.019 Menken, 1982
Ttoplectis maculator 20 0.056 Menken, 1982
Eusocial
Primitive
Bees Bombus terrestris 15 0.037 Pamilo et al., 1978b
B. lapidarus 16 0.007 Pamilo et al., 19784
Wasps Lasioglossum zephyrum 24 0.000  Snyder, 1974
Polistes exclamans 15-16  0.039 Lester and Selander, 1979
P. annularis 15 0.053  Lester and Selander, 1979
Advanced
Ants Iridomyrmex purpureus sp. P 15 0.039  Halliday, 1981
I p.sp.B 15 0.052  Halliday, 1981
I psp.V 15 0.010 Halliday, 1981
Rhytiodoponera impressa 22 0.053  Ward, 1980
R. confusa 22 0.032  Ward, 1980
R. chalybaea 22 0.046  Ward, 1980
R. purpurea 22 0.005 Ward, 1980
| R. enigmatica 22 0.040 Ward, 1980
| Nothomyrmecia macrops 16 0.032  Ward and Taylor, 1981
, Bees Trigona carbonaria 20 0.000  Wagner and Briscoe, 1983
T. australis 20 0.000 Wagner and Briscoe, 1983
. 'l; ;l'hg population from Castelana caves, designated CAS (Sbordoni et al., 1981) is ignored since only seven individuals were examined
or jOC1.

Average for Torresian, Daintree, Moreton, South-East Australian, and hybrid zones’ chromosomal taxa.
Average of six host races (Ptelea trifoliata, Celastrus scandens, Robinia pseudoacacia, Cercis canadensis, Juglans nigra, and Viburnum
sp.).
4 Sexual.
5 Parthenogenetic XY.
6 Parthenogenetic XO.
Average for three populations (Stock and Castrovillo, 1981; Pashley, 1983; Willhite and Stock, 1983).
8 The laboratory population was ignored (Sluss et al., 1978).
9 Average for callippe and liliana subspecies.
10 Average for coronis and snyderi subspecies.
11 Average for zerene, bremneri, conchyliatus, and malcolmi subspecies.
12 Average for domestic and feral (sylvan) populations.
13 Average for epactius, nielseni, and perichardes subspecies.
Average for malerkotliana and pallens subspecies.
**In all species with Heyp = 0.000, the number of loci was determined tentatively by comparing the enzyme systems with related
polymorphic insect species (e.g., Wagner and Briscoe, 1983).
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TABLE 2. Mean H,yp values for insects.

No. of
Insect category species Hexp £ SE
All insects 188 0.107 £ 0.005
Excluding
Drosophila 157 0.101 = 0.006
Diplodiploid 158 0.120 %= 0.006
Excluding
Drosophila 127 0.116 = 0.006
Orthoptera 25 0.076 = 0.009
Hemiptera 24 0.104 = 0.017
Homoptera 6 0.098 + 0.026
Heteroptera 18 0.107 £ 0.022
Coleoptera 5 0.191 £ 0.032
Lepidoptera 34 0.145 = 0.014
Diptera 70 0.124 = 0.007
Drosophila 31 0.135 £ 0.011
Other Diptera 39 0.115 = 0.009
Haplodiploid
(Hymenoptera) 30 0.036 £ 0.004
Solitary 14 0.045 + 0.005
Wasps 10 0.048 * 0.005
Bees 3 0.047 £ 0.012
Sawflies 1 0.021
Eusocial 16 0.028 + 0.005
Primitive 5 0.027 £ 0.010
Wasps 3  0.031 £ 0.016
Bees 2 0.022 £0.015
Advanced 11 0.031 £ 0.006
Bees 2 0.000 + 0.000
Ants 9 0.034 + 0.006
All wasps 13 0.044 = 0.006
All bees 7 0.026 £ 0.010

subsequent studies with 63 loci have lowered the
estimate to 0.009 (Cabrera et al., 1983). (The sec-
ond value may be a little underestimated because
of the use of two laboratory strains recently derived
from natural populations instead of natural popu-
lations directly.)

The third problem concerns several assumptions
on the effective population size (N,). First, it is im-
portant to note that we do not know the present
population sizes for the species in question. The
differences found between groups of species may
tell us nothing about the effects of haplodiploidy,
degrees of eusociality, and polygyny, but may sim-
ply reflect differences in absolute population sizes
and past bottleneck effects which last for long pe-
riods of time (Nei et al., 1975). In order to attribute
the differences to factors other than effective pop-
ulation size, one must make explicit the assumption
that all known catastrophic events in the last mil-
lion years (Rensch, 1959; Martin and Wright, 1976;
for an extensive bibliography, see Brain, 1981) and
their expected effects on gene diversity (Wright,
1938; Nei et al., 1975) are ignored. This would be
justifiable only if past values of N, were positively
correlated with present N, values. Since neither set

of values is known, however, this assumption is
unwarranted. In addition, the relative importance
of actual population size versus mating pattern is
not properly presented. The present effective pop-
ulation size for a haplodiploid population is given
by N,=9N,N,/(4N,, + 2N;) (Wright, 1933; for
other properties, see Yokoyama and Nei, 1979),
where N,, and N, are the numbers of males and
females, respectively. One can see from the formula
that the ratio between males and females is a minor
factor compared to the total population size. An
increase in population size will result in an increase
of the same magnitude in N,. On the other hand,
changing the ratio of males to females will have a
lesser effect on N,. For example, changing the ratio
of males to females by one order of magnitude will
result in some cases in a change of only a factor of
3-4in N,. In addition, the number of males cannot
be ignored. Hence, polygynous species may, in prin-
ciple, have smaller effective population sizes than
monogynous species, if the monogynous species
have more males taking part in reproduction, or
than monogynous species with larger population
sizes. Consequently, all comparisons between mono-
and polygynous species must first be adjusted by
the absolute number of mating individuals. The
available data, unfortunately, do not permit this
kind of adjustment, although some data on multiple
mating do exist (Adams et al., 1977; Page and Met-
calf, 1982).

I have, therefore, reanalyzed the data by using
H,,, calculated from at least 15 loci. In Drosophila
there are many species for which more than 20 loci
were studied, so that I did not relax this criterion.
In addition to including new data and removing all
species for which fewer than 15 loci were studied,
several other modifications to Berkelhamer (1983)
were made: (1) Apis mellifera, listed twice in her
table, was removed from the analysis, because it
was subjected in the past to domestication and ge-
netic manipulation with unknown effects on genetic
diversity. (2) Rhytidoponera impressa was divided
into five different species (Ward, 1980). Similarly,
Anopheles marshalli and Iridomyrmex purpureus
were divided into four and three species, respec-
tively. (3) Polistes species were reclassified as prim-
itively eusocial, since they are generally regarded as
less advanced than Vespula, considered as “prim-
itively eusocial” in Berkelhamer (1983). In general,
I adopted a suggestion by Pamilo (pers. comm.) to
classify by perennial versus annual colonies regard-
less of nest size and behavioral differentiation. (4)
Bombus lucorum was removed from the analysis,
since it may consist of two sibling species (Scholl
and Obrecht, 1983; Pamilo, pers. comm.). (5) The
number of loci in Iridomyrmex species and Lasi-
oglossum zephyrum was modified to 15 and 24,
respectively. The same statistical analysis used by
Berkelhamer (1983) was performed. With the avail-
able data, I could test all but one of her hypotheses.
The question of whether or not genetic variation is
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related to the degree of polygyny cannot be an-
swered at present.

H,,, values for 188 species are listed in Table 1.
A summary by insect category appears in Table 2.
Clearly, hymenopterans have significantly lower
H,. on average, than most insects. Even when
Drosophila species are excluded, the difference re-
mains highly significant. However, solitary hyme-
nopterans do not differ significantly from Heter-
optera (Mann-Whitney U test, one tailed, 0.08 <
P < 0.09; Zar, 1974), and the difference between
solitary Hymenoptera and Orthoptera is significant
but very small (0.02 < P < 0.03). Homoptera and
Heteroptera were analyzed separately, since their
status as either orders or suborders of Hemiptera
is not consensual. No difference was found between
them (0.46 < P < 0.49). Since none of the heter-
opterans or the orthopterans in this study is hap-
lodiploid, I can conclude that haplodiploidy per se
does not reduce genetic variability. For studying
the effects of haplodiploidy independently of the
peculiarities of Hymenoptera it would be worth-
while to examine non-hymenopteran haplodip-
loids, such as mites, thrips, aleurodid whiteflies,
iceryine scale insects, and beetles of the genera Xy-
leborus and Micromalthus. Nevo (1978) concluded
that Drosophila species have unusually high levels
of variability. This compilation shows, in agree-
ment with Berkelhamer (1983), that Drosophila are
not exceptional. In fact, there is no difference in
H,,, between Drosophila and the rest of the Diptera
(0.14 < P < 0.16), and, as seen from Table 2, Dro-
sophila species are less variable than Coleoptera
and Lepidoptera, although not significantly so (P >
0.05). Interestingly, the three most prosperous or-
ders of insects in nature, in terms of number of
species and population sizes (i.e., Diptera, Coleop-
tera, and Lepidoptera), are also the most variable
genetically, an indication that neutral variation,
constrained by effective population size, may be the
most important factor in determining heterozygos-
ity (also see Nei and Graur, 1984).

Within the Hymenoptera, a small difference is
detected between solitary and eusocial hymenop-
terans (P = 0.01) in agreement with Pamilo et al.
(1978b). The comparison made by Berkelhamer
(1983) between her data and those of Pamilo et al.
(1978b) and her subsequent rejection of Pamilo et
al.’s (1978b) findings are illegitimate since these two
studies use different statistics, namely, H,,,, and H,,,,.
Berkelhamer (1983) claimed that primitive eusocial
species are less variable than either solitary or ad-
vanced eusocial species. The data presented here
show that no difference exists either between prim-
itive and advanced eusocial species (0.41 < P <
0.46) or between primitive eusocials and solitary
species (0.38 < P < 0.45). Advanced eusocial species
are less variable than solitary species (P < 0.05).
These results are compatible with the neutral theory
(Kimura, 1968), since in solitary species the num-
ber of reproducing individuals is potentially the
same as the observed total number of adult insects,
whereas it is expected to be a tiny fraction in ad-
vanced eusocial species. The reduction in effective

NOTES AND COMMENTS

population size is expected to be less dramatic in
primitive eusocials, and, hence, it would be statis-
tically more difficult to detect a difference. The bees
are the only group common to both the solitary and
the two eusocial groups, and, interestingly, their
genetic diversity decreases in the same order as their
expected effective population size, from solitary
through primitive- to advanced-eusocial. In wasps,
too, the same tendency is detected in solitary and
primitive eusocials. The number of species, how-
ever, is so small that statistical significance is pre-
cluded.

The conclusions of this analysis are that Hyme-
noptera are genetically less variable than most
species of insects, and that an important factor in
determining gene diversity is the degree of sociality
via its influence on reducing the effective popula-
tion size and the amount of neutral polymorphism
that can be sustained by a species. Haplodiploidy
per se has probably only a very minor effect in
determining gene diversity. These conclusions, ob-
viously, are conditional upon further data on elec-
trophoretic polymorphism from non-hymenopter-
an social species such as Isoptera.
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