deuterium ratio in a sample 24 years old.
For samples many half-lives old, the
fractional error in the age is small even if
rates of production or deposition of the
isotopes.

Although cyclotrons are expensive to
build, their operating costs are relatively
low. If several samples are dated per hour
the cost per date may not be substantially
higher than it is today for decay dating.
There are already more than 50 cy-
clotrons in operation which have the po-
tential to do radioisotope dating, and
their application to important problems
of dating and trace element analysis
should prove very fruitful.
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Kinship theory (/) and sex ratio theory
(2) were used by Trivers and Hare (3) to
predict the relative investments in repro-
ductive males and females by various eu-
social insects and their nonsocial rela-
tives. They suggested that in eusocial
species with haplodiploid sex determi-
nation, queens gain by a 1:1 (male:
female) investment in reproductive off-
spring, while their sterile worker off-
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spring gain by a 1:3 investment among
reproductive siblings, and that (3, p. 250)
‘... a measurement of the ratio of in-
vestment is a measure of the relative pow-
er of the two parties . ..”” From their
measurements of investment patterns in
various species, Trivers and Hare con-
cluded that in single-queen (monogy-
nous) ants, the investment pattern is
“‘near 1:3,”” while in nonsocial bees and
wasps, which lack sterile castes, the in-
vestment pattern ‘‘approximates 1:1.””
Their interpretation is that the interests of
the workers are more nearly realized than
are those of the queen. In support of this
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interpretation they also cite investment
ratios from multiple-queen (polygynous)
ants, slave-making ants, termites, and
bumblebees. Their conclusions have
been multiply cited (¢).

We argue here that, on the contrary, (i)
Trivers and Hare’s predictions of 1:1
and 1:3 investment patterns are in-
appropriate for the insect groups they
analyzed, (ii) they did not demonstrate
such patterns, (iii) their data are not ex-
plained by their hypothesis, and (iv) their
data for the most part conform to an alter-
native hypothesis, that is, Hamilton’s (5)
hypothesis of ‘‘local mate competition’’
(mating rivalry among close relatives),
which they mention (3, footnotes 9, 53,
and 96 and p. 251) but do not apply.

Trivers and Hare’s predictions depend
upon (i) monogamy or effective monoga-
my among laying females, (ii) inability of
workers to lay eggs, and (iii) outbreeding
without effects from local mate com-
petition (LMC) (6). However, multiple
matings by females, worker oviposition,
and local mate competition may actually
be typical of haplodiploid insects rather
than rare or absent among them, as Tri-
vers and Hare may have assumed in
drawing their conclusions (3, p. 261).
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Multiple Matings by Queens

Multiple matings by queens of eusocial
Hymenoptera have frequently been re-
ported (7-10); Wilson, for example, cites
multiple matings for eight species of euso-
cial Hymenoptera but only two instances
in which it is believed that single mating
by queers is the rule. (Obviously,
multiple mating is easier to document
than single mating.)

Multiple insemination has two effects.
First, it reduces the predicted female bias
in preferred investment ratios among
sterile workers. In species with haplodip-
loid sex determination, full sisters share
an average of 3/4 of their genes identical
by (immediate) descent (IBD). If a female
mates with n different males and uses
their sperm randomly, her daughters av-
erage (1/4 + 1/2n) alike (/). On the basis
of Trivers and Hare’s approach, the
worker offspring of a female who mates
twice and uses the sperm of the males ran-
domly maximize their reproduction by an
investment pattern of 1:2. This is be-
cause they share, on the average, only
twice as many genes IBD with their sis-
ters as with their brothers, rather than
three times as many, as under monoga-
my. If the sperm of the different mates of
one female tend to clump separately, as is
likely (/1), the workers’ interests are
more female-biased than if the sperm do
not clump; but with multiple matings by
their queen the workers’ interests would
reach Trivers and Hare’s 1:3 prediction
only if workers were never required to
tend half siblings, a condition we consider
unlikely (12).

Multiple matings do not alter the rela-
tionship of a female’s worker offspring to
their brothers, which remains at 1/4. The
mother is, in all cases, 1/2 like each off-
spring (in genes IBD), male or female.

Multiple mating by queens also pro-
duces mixed broods of full siblings and
half siblings. This creates a potential for
the expression of differences in reproduc-
tive interests within the brood. Only by
using the sperm from one male (that is,
being effectively monogamous) might a
queen avoid reproductive differences of
interest among her worker offspring.
Even an abrupt transition from use of one
male’s sperm to use of another male’s
sperm would not cause quite the same ef-
fect as monogamy, since some workers
would be required to tend less closely re-
lated siblings during the period of transi-
tion between the sperm of different
males.

It would be interesting to know how
changes in sperm use correlate with
swarming in insects like honeybees, in
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which the old queen departs to a new nest
site, leaving some of her worker offspring
behind with a new queen, their sister.
This new queen could be either a full sib-
ling or a half sibling of the workers rearing
her, depending on sperm use. Since half
sisters average only 1/4 alike, workers
with a half sister as their queen tend juve-
niles averaging only 1/8 like them. Also,
workers tending the offspring of a full sis-
ter or a half sister share their sister
queen’s interest in the ratio of investment
in the sexes, since workers are equally
related to their nieces and nephews.

Worker Oviposition

In some eusocial insects, workers are
known to lay eggs. Wilson notes in (10, p.
333) that ‘‘Worker oviposition is wide-
spread in the ants, from the primitive
Myrmeciinae to the advanced Myrmi-
cinae, Dolichoderinae, and Formi-
cinae. . . . Byfeeding queens of Myrmica
P? and thus labeling their eggs, Brian
(1968) was able to show that the workers
lay in the presence of the queens and that
most males are derived from worker-laid
eggs’’ (13). Sex ratio data are sensitive to
variations in the number of unfertilized
laying females. There are several ways in
which unfertilized females may become
egg-layers in haplodiploid species: as
workers in slave-making species which
take over colonies, as microgynes or sec-
ondary reproductives in their mother’s
nest, as mated queens who have used all
of their sperm, as unfertilized queens, as
laying workers in a nest with a normal
queen, or as laying workers when the
queen is lost. One way to correct for this
factor would be to eliminate from consid-
eration all nests that produced only
males; another would be to assume that,
if nests that produce all males are includ-
ed, then, in terms of Trivers and Hare’s
hypothesis, unless proportions of unfer-
tilized laying individuals have been con-
sistent enough for fertilized queens to ad-
just sex ratios in their broods accord-
ingly, the data are male-biased.

When some workers lay eggs, the
workers do not collectively share the
same genetic interests, so that complex
questions are raised about how individ-
ual, short-lived workers could function to
achieve their ‘‘preferred’’ investment
pattern in the sex ratio of reproductives
produced by the colony as a whole. This
problem is particularly evident in ants, in

_ which a worker may live a maximum of |

to 3 years while the queen lives for sever-
al times as long ({0, pp. 426-430) and the
colony, moreover, often produces only

males while it is small, and only females
(or both sexes) later (3, footnote 44, p.
262). Many workers in such colonies only
interact with one sex of reproductives
and, indeed, many workers in social in-
sects probably fail to interact with any
reproductives at all (for example, work-
ers in the Formica rufa group; 10, p. 163).
Any analogy with the somatic cells of a
metazoan producing a sex ratio in their
gametes breaks down when eusocial
workers in a colony do not have identical
genetic interests, as in cases when work-
ers lay eggs or when queens mate with
more than one male (/4).

Interpreting Trivers and Hare’s dis-
cussion of this problem is difficult since
they assume (3, figure 1 caption) that their
“‘p’’representsthe *‘. . . fraction of male-
producing eggs laid by the queen (p),
where the remainder are laid by a single
laying worker’’ (emphasis added). What
Trivers and Hare envision as the ‘‘pre-
ferred’’ sex ratios of the three ‘‘interested
parties’” (that is, the queen, the laying
workers, and the nonlaying workers), if
most or all workers have the potentiality
of laying eggs, is unclear, in spite of their
explanation (3, note 19, p. 261). For ex-
ample, if at least some workers are able to
produce sons, the problem becomes one
of understanding how a laying worker
would apportion her male-directed be-
neficence among brothers (produced by
her mother and, on average, 1/4 like her in
genes IBD), nephews, 1/8 to 1/4 like her,
and her own sons, 1/2 like her.

Trivers and Hare appear to avoid speci-
fying these preferences for each species
by assuming that few, if any, laying work-
ers exist. They state (3, p. 254), *‘In some
ants, such as Atta and Solenopsis . . . all
males appear to be produced by the
queen, and in other monogynous ants
(single queen per nest) laying workers ap-
pear to be a relatively uncommon source
of males (compared to eusocial bees and
wasps) . . . so that the ratio of investment
in ants should often approach 1:3.” In
view of the information presented above,
the uncommonness of oviposition by fe-
males lacking sperm and thus the appro-
priateness of this prediction is open to
question.

Local Mate Competition

Local mate competition refers to mat-
ing rivalry among genetic relatives. Its ef-
fects may derive from such competition
not only between siblings or between par-
ent and offspring, but also among more
distant relatives, for mates that may be
either related or unrelated to those com-
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peting for them. In one extreme, if all of a
parent’s daughters are fertilized only by
their brothers, parents will benefit by pro-
ducing only enough males to fully in-
seminate all their daughters. For ‘‘insects
having usual sibmating,”” Hamilton (5)
cites sex ratios within broods which vary
from 1:2 to 1:46; males in such species,
moreover, are usually smaller than fe-
males.

As evidenced by likelihood of sibling or
parent-offspring matings, LMC may be
widespread among both social and non-
social haplodiploid insects (/15-17) as, ap-
parently, are the predicted female-biased
investment patterns (/8-20). Trivers and
Hare’s data from monogynous ants, for
example range from 1:1.57 to 1:8.88
with a geometric mean investment ratio
of 1:3.45 (the arithmetic mean is
1:3.94). For *‘five of the six species with
the best data’’ (3, p. 254) the range is 2.99
to 4.14, with a geometric mean of 3.36
(arithmetic mean, 3.39), essentially the
entire range of variation thus falling out-
side the predictions of their hypothesis,
even if the queens involved were monog-
amous and there were no unfertilized
laying females. At least one ant species
known to mate within the family (2/) ap-
pears to produce investment patterns like
those found by Trivers and Hare. We
have been able to find satisfactory infor-
mation regarding the likelihood of intra-
familial mating rivalry for only one ant
species listed by them (3, table 2, p. 254),
Myrmica schencki. In this species, sibling
matings are appropriately suspected (/7,
18) and the investment ratio is 6.45 (3,
table 2). Since a hypothesis (other than
inadequate data) exists to explain invest-
ment ratios greater than 1:3, findings in
this range do not support Trivers and
Hare’s argument.

We examined Trivers and Hare’s list of
nonsocial Hymenoptera (3, table 4) for
possible variations in effects from LMC.
We considered that species in which indi-
viduals nest solitarily and siblings mature
together are most likely to undergo such
effects, thus to have female-biased in-
vestment patterns. By contrast group-
nesting species (or solitary nesters which
deposit their eggs singly) should be less
affected by LMC and thus should have
investment patterns nearer 1: 1. Four
species in the first category [13th, 14th,
16th, and 17th in the list in (3, table 4)]
averaged an investment pattern of
1:1.81; in the second category (that is,
all the rest with complete data) 12 species
averaged 1:0.99. The direction of the
difference is thus as predicted, and the
two distributions differ significantly
(P < .03,z-test).

Because they are the offspring of single
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reproductives, most eusocial insect colo-
nies are like nonsocial solitary-nesting
species in which siblings mature together.
In other words, according to our classifi-
cation of nonsocial species, eusocial in-
sects are likely to have female-biased in-
vestment patterns as a result of LMC (see
also /8-20). If the 12 nonsocial species
least likely to be affected by LMC are re-
moved from Trivers and Hare’s nonsocial
list, the remaining nonsocial species have
an average investment pattern almost
identical to that of all of their social spe-
cies combined.

We infer that effects from LMC may be
rather common and that these effects are
most obvious among the Hymenoptera,
whose haplodiploid system of sex deter-
mination makes them particularly ca-
pable of reducing deleterious con-
sequences by sex ratio adjustments.
Haplodiploidy also occurs in beetles and
mites with ‘‘usual sibmating’’ (5). To-
gether with Borgia (22) we hypothesize
that haplodiploidy may actually spread
and be maintained as a consequence of
LMC.

Nonsocial, Trapnested Bees and Wasps

Trivers and Hare suggest that ratios of
investment in nonsocial trapnested bees
and wasps support their hypothesis that
female-biased investment ratios in euso-
cial species result from worker domina-
tion. They state 3, p. 258), ‘‘Although
there is considerable scatter, the species
are closer to a 1:1 ratio of investment
than to a 1:3.”” We do not believe that
ratios of investment in nonsocial species
trapnested by Krombein (23) can legiti-
mately be used in this context for two rea-
sons. First, patterns reported by Krom-
bein plainly depended on the manner of
trapnesting. He put out nests of various
diameters, and sex ratios varied dramati-
cally with nest bore: the larger the bore,
the higher the percentage of females—
with the smallest cavities sometimes hav-
ing all males, the largest all females.
Overall investment patterns obviously
depended on the proportions of nests of
each size that Krombein put out, and the
significance of the size range he used
would vary among species of differing
body sizes. Thus, we disagree with Tri-
vers and Hare’s conclusion 3, p. 257)
that no systematic bias is expected.

Second, Krombein usually bundled
trapnests together, most often in groups
of six. He thereby created a situation re-
sembling colony breeding, in which out-
breeding is likely. Should trapnested spe-
cies be able to adjust sex ratios accord-
ingly, 1:1 investments in the situation

created by Krombein would not properly
describe the investments of this group of
Hymenoptera. D. P. Cowan (unpublished
data) has discovered that, when females
of  Euodynerus foraminatus (Ves-
pidae : Eumeninae) are trapnested in
groups, they bias the sex ratios of their
broods toward males more than when
trapnested singly; data for this species
were obtained by Krombein and used by
Trivers and Hare (3, table 5). The possi-
bility that trapnesting Hymenoptera may
generally be able to vary the ratios of in-
vestment according to the likelihood of
LMC indicates that trapnesting bee and
wasp data currently available cannot be
used to test the outcome of parent-off-
spring conflict.

Polygynous Ants

Trivers and Hare suggested that po-
lygynous ant colonies are collections of
the daughters or granddaughters of a sin-
gle queen, living in association with their
queen mother. Even though this may not
always be the case (24), they predicted
male-biased investment patterns (3, p.
256) among polygynous species because
@, p. 255) “‘If a reproductive daughter is
permitted to settle within or near the ma-
ternal nest when unrelated females would
not be so permitted, then one must as-
sume that the daughter thereby inflicts a
cost on her mother . . . This cost can be
treated as a component of investment and
raises the relative cost of a reproductive
female.”’ This argument is apparently de-
rived from a consideration of Acacia ants
(25), in which multiple colonies are
founded on one tree by apparently unre-
lated queens, with each queen then be-
having so as to replace, if possible, the
other queens with her daughters. It may
be more appropriate to view Acacia ant
aggregations as groups of monogynous
colonies rather than as a polygynous col-
ony. In addition, it is probably in-
appropriate to view polygynous ants gen-
erally as parallels to the peculiar Acacia
ant situation, in which the small colonies
inhabit different hollow thorns. A queen -
of a subterranean species, for example,
who allows her daughter to remain in her
nest as an incipient queen, may be pre-
paring a replacement for herself; further,
a pair of sister queens in one nest is not
appropriate to Trivers and Hare’s inter-
pretation, in spite of their footnote 61 (3,
p.262).

Trivers and Hare cite investment ratios
from five species in the genus Myrmica as
support for their polygynous ant hypothe-
sis. In terms of decreasing female-bias in
investment ratios, the five Myrmica spe-
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cies are ordered (3, figure 4C and p. 256):
M. schencki, M. sulcinodis, M. ruginod-
is, M. sabuleti,and M. rubra. Trivers and
Hare state (p. 256) that ‘*The ratios of in-
vestment for these species are ordered
exactly according to the parameters we
have outlined (see Fig. 4C).”

We suggest that this ordering might be
the result of several other factors, not tak-
en into account by Trivers and Hare. For
example, M. schencki probably mates
within the family (/7, 18), and it has the
most female-biased investment ratio in
the genus (1:6.45). Since unfertilized fe-
males can only produce males in haplo-
diploid species, oviposition by varying
numbers of such females will tend to bias
population-wide investment ratios to-
ward males. Thus, it is important to know
what proportions of nests in the polygy-
nous sample produced only males, a fac-
tor that Trivers and Hare do not take into
account despite their footnote 44 (3, p.
262). From data they used (3, tables 2 and
3), in M. sulcinodis 13 of 21 colonies pro-
duced only males while 1 produced only
females (26), in M. sabuleti 25 of 35 colo-
nies produced only males and none pro-
duced only females (27), and in M. rubra 9
of 11 colonies produced only males while
none produced only females (27). Similar
data for M. ruginodis are unpublished (3,
footnote 66, p. 262).

Myrmica rubra, the species with the
least female-biased investment ratio in
the polygynous ant series, deserves fur-
ther consideration. For this species,
Brian (27, p. 50) noted that the colonies he

studied were *‘. . . subject to disturbance
by the trampling of cattle . . . causing col-
onies to be . . . difficult to retain . . . for

study for more than a few years.”” If M.
rubra tends to produce only males when
colonies are young (see above), this, and
not the number of queens, may well ex-
plain the low investment ratio (4:1) re-
corded for this species by Trivers and
Hare and therefore its ranking in their
polygynous ant series. M. rubra is also
one of the species for which there is evi-
dence of population-wide mate com-
petition (10, p. 38).

Slave-Making Ants

Trivers and Hare believe that their
analysis of slave-making ants supports
their hypothesis because they found in-
vestments showing ‘‘a highly significant
deviation (P < .001) toward a 1:1 ratio”’
3, p. 255) (apparently meaning signifi-
cantly less than 1:3). Slave workers,
they argue, have lost the ability to pro-
duce 1:3 investments in the nests of
queens of slave-making species, who
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have evolved to extract from the slaves
their preferred 1:1 investment. Slave-
making workers, they suppose, must gain
more by bringing to their nests slaves that
will help their mothers produce a 1:1 in-
vestment than by remaining as workers
themselves and producing their ‘‘pre-
ferred’’ 1:3 ratio; Trivers and Hare do
not identify the nature of this gain. Their
data on slave-makers are, like those on
other species, averages from many colo-
nies (in this case, 58 for Harpagoxenus
sublaevis and 96 for Leptothorax dulo-
ticus) and standard deviations in sex ra-
tios are not given. This is important be-
cause Wilson (I0, p. 370) notes that
in H. sublaevis ‘‘morphologically com-
plete queens are relatively scarce,”’ and
that in a closely related species, H. amer-
icana, 16 of 32 colonies examined were
populated exclusively by slave-making
workers and their slaves. Worker queens
are likely to be unfertilized, therefore
able to produce only males, potentially
creating male biases in samples of invest-
ment ratios which are unrelated to Tri-
vers and Hare’s explanation.

Regarding the likelihood of LMC
among slave-makers, Wilson notes (10, p.
324) that ‘‘The exact extent of true broth-
er-sister mating is unknown. . . inthe on-
ly test of this kind of which I am aware,
Wesson (1939) did find that the queens
and males of the dulotic ant Harpago-
xenus americanus prefer to mate with un-
related individuals.”” Wesson (28) also re-
ported a sex ratio of 1.9:1 for 19 colonies
of this species, including 11 colonies with
laying workers. H. sublaevis, a closely
related slave-maker, was reported (3,
table 2) to have a sex ratio of 1.38:1 and
the second least female-biased invest-
ment ratio (1.25) listed. Wilson also notes
(10, p. 370) that ‘“The rather fragmentary
information available suggests that L.
duloticus is basically similar to Harpago-
xenus in its biology.”” The other slave-
maker listed by Trivers and Hare, L.
duloticus, invests the least in females of
any formicid (0.87). At least these facts
indicate that insufficient information was
provided. At most, they suggest that the
apparent bias toward 1:1 investments
by the two slave-making species is due to
different causes from those which Trivers
and Hare postulate (that is, unfertilized
queens or population-wide mate com-
petition).

Trivers and Hare separate their data on
slave-making ants from those on ants that
are not slave-making (3, figure 4B), and
those on polygynous ants from those on
monogynous ants (3, figures 4C and 4A).
The basis for their conclusions about for-
micid investment ratios (and those of all
other social and nonsocial groups as well)

are their tests of whether or not these sep-
arated sets of data resemble 1:1 or 1:3
investment slopes (but see below). In no
case do they test whether or not these sets
of data actually differ from one another.
In contrast to this treatment, they consol-
idate, respectively, all data for termites
3, figure 5), all data for trapnested non-
social Hymenoptera (3, figures 7 and 8),
and all data for naturally nesting non-
social Hymenoptera (3, figure 6). It is not
clear to us, however, that the data in (3, .
figures 5-8) are any more unitary than are
those in (3, figures 4A-C), if those in the
latter case are appropriately combined (3,
figures4, Aand B,and 4, Aand C).

Termites

The termites may represent Trivers
and Hare’s most important comparison,
since Isoptera do not have haplodiploid
sex determination. This means that, ac-
cording to Trivers and Hare’s approach,
termite investment ratios should be 1:1.
Unfortunately, the data are scant, con-
sisting of figures for nine species from two
genera (3, figure 5). Trivers and Hare
combine these data and obtain a geomet-
ric mean ratio of 1:1.62 (arithmetic
mean, 1:1.91). They describe this (3, p.
256) as not significantly different from the
slave-making ant data but different from
the monogynous ant data.

We believe that a closer look at these
data is warranted for two reasons. First,
the two sets of data for different genera
average, respectively, just more than
1:1 and 1:2.5, values not remarkably
different from those reported for various
social and nonsocial Hymenoptera. The
two sets of data, moreover, differ from
one another (P < .05; ¢-test). Second, if
we use the same kind of test that Trivers
and Hare used, the combined termite data
are significantly biased toward 1:3 (that
is, are different from 1:1). The implica-
tion is that the same factor or factors may
influence investment ratios in both the
Isoptera and the Hymenoptera.

Conceivably, the differences between
termite genera and the wide scatter in all
investment ratio data may be due to varia-
tions in LMC. Since termite eusociality
has been attributed to inbreeding (20, 29),
it may not be unreasonable to assume that
some species undergo LMC. If they do,
and if female-biased investment ratios re-
flect this fact, we still do not know how
any diploid species accomplishes such
adjustment. Several possibilities are ap-
parent, such as sex-differential destruc-
tion of gametes or juveniles, or sex-dif-
ferential adjustments of investment in in-
dividual offspring. Termites, however,
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possess a means of adjusting investment
in the sexes that may be unique and may
have been important in their evolving
eusociality. Unlike Hymenoptera, the
nonreproductive castes of termites in-
clude both sexes, and, as with hyme-
nopteran females, whether or not a given
juvenile of either sex will be reproductive
or nonreproductive is determined only
when the juvenile is already partly
grown—in termites it may already be an
effective worker. This means that a ter-
mite colony has a continuing reservoir of
nonreproductive juveniles of both sexes
from which numbers and proportions of
reproductives that are appropriate to any
given circumstance be drawn. Ap-
parently, no other species share this re-
markable attribute.

Problems with Interpreting Data

Selection of specimens. All investment
ratio data presented by Trivers and Hare
may be consistently biased away from
1:1 because of the method of gathering
them. They state (3, footnote 46, p. 262)
that ‘““More than half of the specimens
weighed were sent to us by other scien-
tists in response to our request for five
specimens of each sex that were typical
by size.”’ If, as may be likely, cooperating
scientists tended to pick males and fe-
males which did not resemble each other
(that is, were ‘‘typically’” male or fe-
male), and if females weigh more than
males do, a consistent bias might well be
introduced.

Grouping of data. Wide variation in the
original sex ratio data on which Trivers
and Hare’s article is based make the con-
sistent use of grouped data unacceptable.
As an example of the original data from
which the authors draw their con-
clusions, consider their use of investment
patterns of Prenolepis imparis (3, lower
dot, figure 4; also, table 2). Their inverse
investment ratio is based on sex ratios of
11 colonies of this species. In the article
from which these data are drawn (30), in-
formation is reported for 20 colonies, on-
ly 12 of which possessed reproductives (a
total of 2009). Trivers and Hare used 11 of
the 12. Of the 12 colonies, one had males
only (162), one had females only (15), one
had a strongly female-biased ratio (9
males:26 females), and nine had male-
biased ratios, varying from 1.9:1 to
21:1. The sex ratio of six colonies dug up
at Tiffin, Ohio, was 5.8:1, and that of the
six from St. Charles, Missouri, was
8.7:1. These data were apparently aver-
aged to produce a sex ratio of 8.36:1 (3,
table 2).
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Intraspecific variation. Sample sizes of
1 to 66 were used in a single table (3, table
2) for weight-ratio measurements; what
determined each sample size is not in-
dicated. For most weight data, standard
deviations are not given and are needed.
The need for such is illustrated by data
from the genus Atta. For Atta sexdens
females, the standard deviation is almost
40 percent of the mean weight of the ten
females sampled; nonetheless, the weight
ratio of A. laevigata is based on a sample
of six, five of which are males. For Sole-
nopsis invicta, the sex ratio is based on a
sample of 200,491, while the weight ratio
sample size was 14 (again, no standard
deviation is given for the weight of either
sex). In addition, sample sizes are some-
times omitted from tables (for example,
3, table 3) as are weight ratios and
inverse investment ratios (for example,
table 4).

Inappropriateness of regression analy-
ses. Trivers and Hare presented and ana-
lyzed their data with regressions. Unless
a systematic deviation in variance is cor-
rected for, however, their linear regres-
sion analyses are inappropriate. Because
they computed sex ratios by dividing the
number of males by the number of fe-
males, their figure 4 and the others are
asymmetric: when males outnumber fe-
males, the points are widely spread out;
but when females outnumber males, the
points are clustered between 1 and 0. This
has two consequences. First, as the pro-
portion of males increases, the total pos-
sible variance around any predicted line
(1:1 or 1:3) also increases, thus violat-
ing an assumption of linear regression
analysis; where ‘‘p’’ is the proportion of
males, ‘g’ is the proportion of females,
and ‘‘n’’ is the sample size, the variance
of the quantity ‘‘males/females’’ is non-
homogeneously distributed as (p/ng®)
(31). Second, this means that even invest-
ment ratios as far different from the hy-
pothesized 1:3 ratio as 1:7.9 and
1:8.88 are caused, in their graphs, to ap-
pear to support the 1:3 hypothesis.

Trivers and Hare draw their con-
clusions exclusively from testing such
questions as whether or not a set of in-
vestment ratios ‘‘approximates 1:1” (3,
p. 258) or is ‘‘biased toward females’” (3,
p. 258) (or males, 3, p. 259); whether or
not the results were ‘‘significantly dif-
ferent from a 1:3 slope” (3, p. 254);
whether they ‘‘tend to scatter around the
1:3 line of investment instead of the
1:1 3, p. 254); or whether or not ter-
mite investment ratios (3, p. 256) or those
of solitary bees and wasps (3, p. 257) were
“‘significantly closer to 1:1 than are the
ratios for monogynous ants . . . .”” The

answers to such questions could be con-
clusive if the postulated investments of
1:1 and 1:3 were appropriate, if the hy-
potheses advanced were the only ones
that could account for the data, and
if regression analyses were appropriate.
Since none of these preconditions is met,
a reanalysis of their data seems war-
ranted. Using principal components anal-
ysis (32) on total investment in females as
a function of total investment in males,
we estimated 95 percent confidence inter-
vals for investment ratios. This treatment
revealed that only monogynous ants’ in-
vestments and those of all nonsocial, non-
trapnested bees and wasps combined (but
see above) differ. If the 95 percent con-
fidence intervals are used, investment ra-
tios of monogynous ants, termites, bum-
blebees, and nonsocial trapnested bees
and wasps all overlap.

That almost every set of data presented
by Trivers and Hare has an overall female
bias implies some cause other than that,
under haplodiploidy, worker interests are
being realized. The wide scatter in their
data is also prejudicial to their hypothesis
in view of the apparent precision of their
procedure of weighing adults in species in
which juveniles are tended or provisioned
to adulthood (that is, weighing them at
termination of parental care) (2). Both the
variability in their data and female biases
beyond their predictions, on the other
hand, support a hypothesis of varying
amounts of LMC.

Quantifying Effects of Local

Mate Competition

Local mate competition, as Hamilton
(5) used the term, refers to competition
among genetic relatives for mates. Its ef-
fects are to devalue the competing indi-
viduals as contributions to the inclusive
fitness of other relatives, including par-
ents. These effects may be sexually sym-
metrical or asymmetrical. At least three
means exist by which they may be alle-
viated. In most organisms, dispersal of
potentially competing relatives may re-
duce or eliminate effects of LMC. Sex-
ually asymmetrical effects may be alle-
viated by parents adjusting investments
in the two sexes of their offspring. Among
humans, marriage rules may be employed
by collectives of interested, powerful rel-
atives in fashions which reduce devalua-
tions of kin as aresult of LMC.

Quantification of the effects of LMC
obviously is complex and must proceed
along several different lines. Here we sug-
gest only a few (see also 5). In most spe-
cies, sexual competition is more severe
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among males than among females, with
the possible outcome that brothers will
devalue the parental effort invested in
them when they compete for the same
mate (or mates). In one kind of extreme, if
a female produced in her brood two sons
that competed solely with each other for
every mate secured by either of them, the
two sons would be of no more value to her
than a single son. If they competed solely
with each other for half the mates secured
by both of them, they would be worth 3/4
as much as two sons who never com-
peted.

When brothers simultaneously com-
pete for a female also being competed for
by nonsibling males, whether or not they
are devalued for their participation de-
pends upon their effect on the likelihood
that one of their mother’s sons will secure
the copulation; if their simultaneous pres-
ence doubles the chances, they are not
devalued. If they cooperate in some fash-
ion so as to more than double the chances
of one of their mother’s sons being suc-
cessful, their individual values to their
mother will be enhanced.

It is commonly assumed that Fisher’s
explanation of sex ratio selection (2) al-
ways holds in outbreeding populations,
only failing when inbreeding occurs. But
consanguineous matings can occur with-
out effects from LMC, and vice versa.
One reason for the confusion of in-
breeding with LMC may be that when
matings are frequent between siblings,
brothers are likely to compete with each
other for copulations with their sisters. If
all matings are between siblings and if
males do not invest parentally, a mother
will partition her investment optimally
between the sexes when she produces the
minimum number of males necessary to
inseminate her daughters fully and when
the investment in these males is barely
sufficient to enable them to accomplish
this insemination. Because dispersal
tends to reduce the likelihood that broth-
ers will compete for mates, species in
which premating dispersal occurs are not
usually thought to be affected by LMC.
This is not necessarily true. For example,
brother-brother competition may not be
unlikely in species among which males
gather at crowded leks within which most
females in the vicinity are inseminated, as
inhoneybees (33).

We emphasize that even competition
for mates between rather distant rela-
tives, such as cousins, may be deleterious
to near and distant relatives of both. The
question, for any species, seems to be
whether or not cost-effective means are
available for reducing these deleterious
consequences.

29 APRIL 1977

Conclusions

The idea of testing the power of individ-
uals (for example, a parent) against the
collective power of groups of individuals
(for example, a brood of similarly related
offspring), as Trivers and Hare have at-
tempted to do, is of broad significance in
understanding the levels in the hierarchy
of life at which natural selection has most
consistently been effective. Current theo-
ry in evolutionary genetics seems, tempo-
rarily at least, to have taken the direction
of supposing that selection is effective es-
sentially only at the genic level, despite
arguments to the contrary (34), the evi-
dent integrity of the genome, even in sex-
ual organisms, and the widespread opin-
ion that ‘‘the primary focus of evolution
by natural selection is the individual’’ 35,
p. 7).

We believe that because Trivers and
Hare did not consider any hypotheses
other than their own to explain the ratios
of investment in the two sexes by social
and nonsocial insects, and because of the
manner in which they gathered and inter-
preted data, the significance of their argu-
ments is diminished. Their data may pos-
sibly reflect the existence of both local
mate competition and parent-offspring
conflict. However, while ample evidence
implicates the former hypothesis, in light
of the reservations we outline, there is yet
little or none to support the latter. The
conclusion, therefore, that in modern eu-
social Hymenoptera the workers’ inter-
ests are being realized contrary to their
queen’s interest, is at least premature
36).

Summary

Efforts to develop formulas for con-
trasting genetic interests of workers and
queens in social Hymenoptera are com-
plicated by many factors, including
multiple matings by queens, oviposition
by unmated females, and mating rivalry
among genetic relatives (Hamilton’s ¢‘lo-
cal mate competition’”). Because of hap-
lodiploid sex determination in Hymenop-
tera, when such influences are absent,
queens benefit from 1:1 sex ratios of in-
vestment (male : female) in reproductive
offspring, workers from 1:3 ratios
among reproductive siblings. Reports of
variable ratios, including many well
above 1:3, and female biases in non-
social Hymenoptera and diplodiploid ter-
mites, implicate local mate competition
and raises questions about previous
interpretations that workers have their
way.
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The Elusiye Rise in the
American Birthrate

Although fertility is now very low, a substantial

increase in the near future appears unlikely.

In an article published in Science in
1975 (1), Sklar and Berkov concluded
‘‘that the American birth rate may have
bottomed out and that the country is
likely to see a rise in reproduction.’”’
Their analysis was based on fertility
trends in California (through 1974) and in
four other states (through 1973) where le-
gal abortion is also readily available, and
on selected national data on marriage
(through 1974), fertility (through 1973),
and family-size expectations (through
1974).

Fertility in the United States contin-
ued to decline through 1976 (Table 1), al-
though at a lower rate after 1973 than in
the three preceding years (2, 3). In view
of the continued decline, the purpose of
this article is to review Sklar and Ber-
kov’s interpretations and to examine
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data pertinent to more recent fertility
trends (¢). More specifically, this article
addresses three issues: (i) the implica-
tions of survey data about the family-size
expectations of young wives for fertility
trends during the next few years; (ii) the
usefulness of fertility trends in California
as an indicator of national fertility
trends; (iii) the possible role of economic
factors in determining recent trends in
fertility.

Family-Size Expectations and Fertility

With regard to the prospects for an in-
crease in fertility over the next several
years, Sklar and Berkov cited recent sur-
vey data showing that a high proportion
of young married women were childless,
that most Americans have an aversion to
childlessness and to the one-child family,
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ried women under 30 expected to bear
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fewer than two children in their lifetimes
(I, p. 695). Their conclusion follows (/,
p. 696): ‘‘If these young women are to
realize their desires and expectations
with respect to family size, they cannot
postpone childbearing much longer.
Within the next few years many will
have to begin ‘making up’ the births they
delayed in previous years.”’

More recent data on child spacing and
first-order - birthrates support the con-
clusion that there has been some post-
ponement of childbearing in recent years
(3, 6). For purposes of this analysis, it is
assumed that the postponed childbearing
of young married women will be made up
and that, in the aggregate, the family-size
expectations of these women will be
realized, although it should be noted that
such expectations are subject to error
and to change (7).

Sklar and Berkov pointed out that only
16 percent of married women under 30 in
1974 expected to have fewer than two
children (I, p. 695). However, those
same data suggested also that all women
18 to 29 years old in 1974 (the birth co-
horts of 1945 to 1956) will complete
childbearing with an average of only 2.1
births (8, pp. 23, 122). The explanation of
this apparent inconsistency is twofold:
first, married women under 30 expected
an average of only 2.25 births, in part be-
cause only 10 percent expected four or
more births (9); second, generalization of
the expectations to all women requires a
downward adjustment to allow for the
fact that women who have not yet mar-
ried or who will never marry will have
lower average fertility than currently
married women &, p. 23; 9, p. 33).

If lifetime fertility rates are projected
for these cohorts consistent with their
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