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shapes in any one chain, whereas the latter adopt morphologies
that can be unique and species-specific'*. The general similarities
between the two systems, however, suggests that the biological
control mechanisms have much in common.

The biomineralization of bacterial magnetite involves the
formation of a transient hydrous Fe(111) oxide precursor, which
subsequently transforms to magnetite'>'®. The presence of both
greigite and iron pyrite in the organism we describe indicates
that there could be a similar relationship between the two
mineral phases. But under thermodynamic conditions, in a
highly reducing environment at neutral pH, greigite would
slowly transform to pyrite'’. This implies that unless the organ-
ism continues to maintain its capacity to synthesize greigite, it
would slowly lose its magnetotatic response. Thus greigite may
be a metastable phase in the transformation of an undetected
precursor into pyrite. Alternatively, the cells might separately
mineralize greigite and pyrite by local control of iron and
sulphide concentration, reducing potential and pH.

Structurally, Fe;S, and Fe;O, are isomorphous, both materials
adopting the face-centred cubic spinel structure. Whether this
structural similarity has relevance to the cellular mechanisms
of their synthesis is unclear. In terms of their magnetic proper-
ties, the saturation magnetization of greigite is about one-third
that of magnetite'®. The permanent magnetic single-domain size
range for greigite has not been determined but is probably similar
to magnetite, because the magnetic ordering temperatures and
magnetic anisotropy constants of the two minerals are similar®,
Thus, the 75-nm biogenic greigite particles are likely to be
permanent magnetic single domains and responsible for the
magnetotactic response of the intact organism. Organization of
these particles into chains would result in a parallel alignment
of the individual particle moments along the chain direction,
and would give each constituent cell a permanent magnetic
dipole moment equal to the sum of the individual particle
moments in the chain. The net magnetic dipole moment of the
intact organism would then be the vector sum of the moments
of the constituent cells.

Finally, we note that greigite has been identified as a source
of remanent magnetism in sediments'®. These deposits may be
of inorganic origin, biologically mediated by sulphate-reducing
micro-organisms or resulting from the diagenesis of bacterial
magnetite'>?°. We note, however, that the crystal size and shape
of sediment greigite is similar to that reported here for bacterial
greigite, and therefore propose that biogenic minerals should
be considered as a further possible source of remanent magnet-
ism in sulphide-rich sediments. O
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IN red deer, the sex ratio of calves at birth (calculated as the
proportion of calves born that are male) increases with the domin-
ance rank of the mother', whereas opposite trends exist in several
populations of macaques and baboons®>~’. Here we show that the
subsequent survival and reproductive success of subordinate female
red deer is depressed more by rearing sons than by rearing daugh-
ters, whereas the subsequent fitness of dominant females is
unaffected by the sex of their present offspring. By contrast, among
subordinate female macaques, the rearing of daughters has greater
costs to the mother’s subsequent fitness than does the rearing of
sons, although again, no difference in the costs of rearing sons
and daughters is found among dominant mothers. These findings
indicate that both differences in the relative fitness of sons and
daughters and differences in the relative costs of rearing male and
female offspring can favour variation in the sex ratio.

It has been suggested'” that the relationship between maternal
rank and the birth sex ratio in red deer could arise because the
rank of a mother exerts a stronger effect on the fitness of her
sons (who compete intensely for mates) than on the fitness of
her daughters. By contrast, among baboons and macaques, the
rank of a female could affect the fitness of her daughters more
than it affects the fitness of her sons, because daughters inherit
their mother’s social rank, which affects their breeding success.
Sons, on the other hand, disperse to other groups where their
rank and reproductive success depend extensively on alliances
formed with other males®’. Here we explore the possibility that
the costs of rearing sons and daughters also vary with maternal
rank, and that they represent an additional selective pressure
involved in the evolution of the sex-ratios which has been
previously overlooked.

To determine whether the relative costs of rearing sons and
daughters in ungulates and primates vary with maternal rank,
we investigated the subsequent survival and reproductive perfor-
mance of mothers that had raised sons versus daughters in a
sample of 283 red deer hinds from the Isle of Rhum, and in a
sample of 52 female macaques from the colony at Madingley,
Cambridge™'°. In both species, dominance rank was assessed
from displacements and aggressive interactions at feeding
sites™'". In red deer we used a within-cohort dominance score
that removed the effects of age and scaled continuously from 0
(most subordinate) to 1 (most dominant)’. In each macaque
social group there were two founder females who had repro-
duced throughout the history of the colony, and maintained
stable dominance ranks. The matriarch of the dominant family
was designated as dominant, and the matriarch of the subordi-
nate family was designated as subordinate. The other females
were exluded from the analyses.

Both the survival over winter and the fecundity of adult female
red deer decline with age (fitted as a quadratic function age +
age?), with high rainfall in August-September, and with low
winter temperature (mean daily temperature in °C in December-
February''). Because individuals in the population did not all
breed in the same year, we have fitted terms for these phenotypic
and environmental variables in generalized linear models'? to
estimate the probability of the mother’s survival or fecundity in
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TABLE 1 Effects of dominance and offspring sex in red deer and macaques

Red deer Macaques
Survival Fecundity Fecundity
x° df. P x? df. P X’ df. P
Dominance 2.0 1 NS 4.2 1 <0.05 83 1 <0.01
Sex of offspring 20 1 NS 22 1 NS 1.6 1 NS
Dominance-sex interaction 56 1 <0.02 4.0 1 <0.05 4.7 1 <0.05
Sex and dominance-sex interaction 76 2 <0.05 6.2 2 <0.05 6.3 2 <0.05
Dominance and sex and dominance-sex interaction 96 3 <0.05 10.4 3 <0.02 146 3 <0.01

Goodness-of-fit tests for each of the variables dominance, offspring sex and dominance-offspring sex interaction fitted in the logistic regression models
(see Fig. 1) of the probability of over-winter survival and fecundity next summer in female red deer, and the probability of fecundity next year in macaques.
Because the dependent variables were binary (survive, 1; die, 0; fecund, 1; not-fecund, 0) and the errors were not normally distributed least-squares regression
and analysis-of-varaince (ANOVA) techniques were inappropriate. Simple contingency table analysis was also inappropriate because dominance rank among
deer was a metric (continuous) variable. Binary data must be related to any metric variable in a nonlinear way. The logistic regression model used here is
a form of generalized linear model using a logit link function and binomial error distribution. These models permit the inclusion of significant covariates
and therefore, the control of potentially confounding variables. Differences in deviance (analogous to sums of squares in ANOVA) between two models, one
with and one without the test variable (for example, sex), are distributed as x° with the appropriate degrees of freedom (d.f.) of the test variables. NS, not

significant.

relation to her dominance rank and the sex of her offspring
raised through the previous summer.

After controlling for variation due to age, August-September
rainfall and winter temperature, over-winter survival in adult
female deer was not related to either dominance (x> = 2.0, not
significant) or the sex of the offspring (x> = 2.0, not significant),
when each was added to the model separately, or together
(Table 1). This was because of a significant interaction between
dominance and the sex of the offspring (Table 1). Subordinate
mothers that had reared male offspring showed low over-winter
survival compared with dominant mothers that had reared sons
(Fig. 1a). By contrast, among individuals that had produced
female offspring, subordinate mothers had the same, or slightly
higher, probability of survival compared with dominant mothers
(Fig. la).

If an adult female red deer survived the winter, the probability
of her calving the next summer was influenced by her dominance
(x*=4.2, P<0.05), but not by the sex of her previous offspring
(x?=2.2, not significant). But as with the analysis of survivival,
there was a significant interaction between dominance and sex
(Table 1): subordinate mothers were less likely to calve again
after rearing a male offspring the previous summer than they
were after rearing a female offspring. Dominant mothers were
more likely to calve again than were subordinate mothers, but

FIG. 1 Logistic curves illustrating the probability of female red deer surviving
a winter (a) and calving in the year after rearing a son versus a daughter
(b), plotted againt their dominance score. Logistic regressions®> were of
the form:

~_exp GXy)
1 +exp G(X,)

where G(X;)=(A +B;x;; +B,x;, +B3x,3- - - +B,x;7)and A, B,,B,,...,B; are
constants, x;, is dominance rank, x;, is offspring sex, x5 is dominance-sex
interaction, x;, is age, x5 is age?, X is August-September rainfall (mm),
X;7 is mean daily temperature (°C) December-February, and i=1,2,3,... N
hind-years. Curves in (a) are standardardized for age (12 years), August-
September rainfall (750 mm) and December-February mean daily tem-
perature (4 °C). Coefficients in the exponential equation (see above) are—
males: B;=1.573, B,=0, B;=0; females: B,=1573, B,=1.615, B;=
—2.236; both sezes have the same values for coefficients A (0.73), B,
(0.383), Bg (—0.0347), B; (—0.003572), and B, (0.504). Curves in (b) are
standardized for age (12 years), August-September rainfall (750 mm), and
December-February mean daily temperature (4 °C). Coefficients in the
exponential equation {see above) are—males: B; =0.526, B,=0, B;=0;
females: B, =0.526, B,=0.476, B;=-0.580; both sexes have the same
values for coefficients A (—5.070), B, (0.916), By (—0.04746), B4
(~0.003087), and B, (0.5681).

Probability (Y, =1)
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the sex of the previous calf seemed to have little influence
(Fig. 1b). The extra fitness costs of rearing sons versus daughters
seem to be substantial among subordinate mothers but absent
among dominant mothers.

Contrasting differences were found in macaques. Subordinate
mothers were less likely to breed again the next year than were
dominant mothers (y>=8.3, P <0.01). The interaction with sex
(Table 1) was reversed: subordinate mothers were more likely
to give birth the following season after rearing a male offspring
than they were after rearing a female offspring, whereas
dominant mothers were slightly more likely to give birth the
following season after rearing a female offspring than after
rearing a male offspring (Table 2).

The mechanisms responsible for interactions between mater-
nal rank and the costs of rearing sons and daughters may be
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TABLE 2 Probability of fecundity in macaques

Male reared Female reared
Mother's rank
Dominant 0.80(5) 0.92(14)
Subordinate 0.62(8) 0.00(4)

Probability of subordinate and dominant macaques giving birth the year
after rearing sons versus daughters. Number of births sampled are given
in parentheses. The generalized linear model for macaques only incorporated
the variables dominance, sex, and dominance-sex interaction (see Table 1).

quite different in ungulates and primates. In red deer, goats,
and bison, as well as in African elephants®'*'® sons are suckled
more frequently than are daughters during the peak period of
lactation and the energetic costs of rearing males probably
exceed those of rearing females’. Subordinate females could be
more strongly affected by these differences because they do not
have priority of access to the best feeding sites, and because
their body condition is generally poorer than that of dominant
females'®. By contrast, no overall differences in suckling were
found between male and female infants in rhesus macaques.
But, when the interaction between infant sex and maternal rank
was examined, it was found that daughters of subordinate
mothers tended to be suckled more frequently than their sons,
and more than the infants of dominant mothers’. Allowing
frequent access to the nipple could have been a maternal
response to the high levels of aggression and harassment that
the daughters of subordinate mothers tended to receive from
unrelated females, a phenomenon which has been documented
in several studies”'°. Frequent nipple stimulation inhibits ovula-
tion in mammals'’, and this could have been responsible for
the longer delays before the next conception among subordinate
females that had reared daughters™'®,

Consequently, the results presented here indicate that two
separate selection pressures can favour the evolution of the
contrasting sex-ratios in ungulates’'®-*' and cercopithecine
primates®™’. First, maternal rank can have opposite effects on
the relative fitness of sons and daughters!->¢7. Second, maternal
rank can modify the relative costs of rearing sons and daughters,
favouring the production of daughters by subordinate mothers
in red deer, and the production of sons by subordinate mothers
in macaques. In both cases, these biases could favour the
production of an excess of the other sex by dominant
females™. O
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THE visual recognition of three-dimensional (3-D) objects on the
basis of their shape poses at least two difficult problems. First,
there is the problem of variable illumination, which can be
addressed by working with relatively stable features such as
intensity edges rather than the raw intensity images"?. Second,
there is the problem of the initially unknown pose of the object
relative to the viewer. In one approach to this problem, a hypothesis
is first made about the viewpoint, then the appearance of a model
object from such a viewpoint is computed and compared with the
actual image®”. Such recognition schemes generally employ 3-D
models of objects, but the automatic learning of 3-D models is
itself a difficult problem®®. To address this problem in computa-
tional vision, we have developed a scheme, based on the theory of
approximation of multivariate functions, that learns from a small
set of perspective views a function mapping any viewpoint to a
standard view. A network equivalent to this scheme will thus
‘recognize’ the object on which it was trained from any viewpoint.

Is the need for 3-D range-based or manually specified models
real? Structure from motion theorems'®'', pioneered by Ull-
man'?, indicate that full information about the 3-D structure of
an object represented as a set of feature points (at least five to
eight) is present in just two of their perspective views, provided
that corresponding points are identified in each view. A view is
represented as a 2N vector Xx,, ¥, X2, ¥2,..., XN, Y~ Of the
coordinates on the image plane of N labelled and visible feature
points on the object. Here, and in most of the following, we
assume that all features are visible, as they are in wire-frame
objects. The generalization to opaque objects follows by par-
titioning the viewpoint space for each object into a set of
‘aspects’™?, corresponding to stable clusters of visible features.
In principle, therefore, having enough 2-D views of an object
is equivalent to having its 3-D structure specified.

This line of reasoning, together with properties of perspective
projection, indicate (1) that for each object there exists a smooth
function mapping any perspective view into a ‘standard’ view
of the object, and (2) that this multivariate function can be
synthesized, or at least approximated, from a small number of
views of the object. Such a function would be object-specific,
with different functions corresponding to different 3-D objects.
Furthermore, the application of the function that is specific for
one object to the views of a different object is expected to result
in a ‘wrong’ standard view that can be easily detected as such.

Synthesizing an approximation to a function from a small
number of sparse data—the views—can be considered as learn-
ing an input-output mapping from a set of examples**'’. A
powerful scheme for the approximation of smooth functions
has been recently proposed under the name of Generalized
Radial Basis Functions (GRBFs), and shown'*'> to be
equivalent to standard regularization'®'” and generalized splines
(ref. 14; see closely related work by Powell'®, and Broomhead
and Lowe'?). The approximation of f: R" > R is given by

f(x):2¢’f=l CaG(”x—ta”) (1)

where the K coefficients ¢, and the centres t, are found during
the learning stage and G is an appropriate basis function (see
refs 14 and 15), such as the gaussian function. A polynomial
term of the form X, d;p;(x) can be added to the right-hand side
of equation (1). In this paper we omit the polynomial term (see
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