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indicate that the foraging pattern of bees and
consequently the neighborhood size in plant popu­
lations may be density related. The number of
individuals comprising a neighborhood at high
density would be greater than at very low den­
sities. Neighborhood area would be greater at
the low densities. (This is a direct consequence
of the greater frequency of near neighbor moves
at low densities.) This result must, however,
be modified somewhat since at very low densities
pollinator foraging trip length is quite short in
relation to the high density population. At ex­
tremely low plant densities one may expect neigh­
borhood size to again increase. The proportion of
long distance flights is increased. The results of
this study indicate that genetic structure in an
entomophilous plant may be density related.

A final aspect of this study is related to the
attractiveness of a population to pollinators.
Populations of high density are presumably more
attractive to pollinators since they offer more re­
ward per unit area than populations of low densi­
ties. The data from the average number of plants
visited per bee foraging trip are consistent with
this hypothesis. The denser the population the
greater is the proportion of the flower population
visited per bee. At very low densities the experi­
mental population attracted few bees and only
few plants were visited while at high densities
many bees were attracted and each plant was
repeatedly visited.
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The actual evolutionary transition from one
species to another in a natural environment can
only be studied where a detailed fossil record is
available. Several years ago Eldredge (1971)
and Eldredge and Gould (1972) advanced an
hypothesis that species should be relatively stable
in the fossil record, and the evolutionary transi­
tion from one species to another should be abrupt.
Their view of speciation differs considerably from
the traditional paleontological view of dynamic
species with gradual evolutionary transitions
(Simpson, 1951 j and others), but it can be tested
by study of the fossil record. I have discussed
Eldredge and Gould's "punctuated equilibria"

model at length elsewhere, and provided some ap­
parently contradictory examples from the fossil
record of terrestrial mammals (Gingerich, 1976a,
1976b). One of the examples from the marine
fossil record cited by Gould and Eldredge (1977)
as evidence favoring their "punctuated equilibria"
model is the transition from the ammonite genus
Subprionocyclus to Reesidites recently published
by Reyment (1975). This example illustrates a
fallacy in some analyses of evidence bearing on
the question of species transitions, and it thus de­
serves further attention.

The distribution and morphology of Subpriono­
cyclus and Reesidites are summarized in Reyment
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FIG. 1. Change in eigenvector coefficients of principal component analysis, plotted stratigraphi­
cally, for a sample of Sub prionocyclus normalis and a sample of Reesidites minimus (solid circles).
S. neptuni (open circles) assumed to differ little from S. normalis. Eigenvectors I-III include 97%
of total variance, data from Reyment (1975). Note little change in eigenvector coefficients associ­
ated with size and shape variables (X,-X.), but reversal of sign in coefficients of eigenvectors I
and II associated with ornamentation variables (XG and X.). Alternative gradual or punctuated
interpretations of change in the coefficients associated with XG and X. are given at right of diagram,
but present evidence is insufficient to permit one to choose between them.

(1975). In brief, three species of an ammonite
lineage Sub prionocyclus neptuni, Sub prionocyclus
normalis, and Reesidites minimus succeeded each
other in the Upper Turonian (mid Cretaceous)
of the Pacific and Indian Ocean basins. Details
regarding the thickness of sampled stratigraphic
levels and the intervals between levels are not
given in the available literature. Judging from
Matsumoto (1959) and Obata (1965), S. nor­
malis and R. minimus occur within horizons on
the order of 1 m thick in a section on the order
of 10 m thick, but this varies from locality to
locality. No estimate is given of the amount of
time represented by the sampled sections. Fol­
lowing a detailed multivariate analysis, Reyment
concluded that the three species under study dif­
fered little in size and shape, but that an abrupt
reversal in the underlying relationship of shape
and ornamentation between S. normalis and R.
minimus justified retaining Reesidites as a dis­
tinct genus. The only conclusion I wish to ques­
tion is the "abruptness" of the transition from
Sub prionocyclus to Reesidites, and citation of this
as an example of "punctuated equilibria" in the
fossil record.

The evidence bearing on the transition from
Sub prionocyclus to Reesidites, studied by prin­
cipal components analysis, is summarized in Rey­
ment's Table 3 and his Figure 6 in the form of
calculated coefficients or loadings of each eigen­
vector (I-VI) corresponding to each original vari­
able (X,-X.). A total of 97% of the total vari­
ance is contained in the first three eigenvectors.

In Fig. 1 I have replotted Reyment's coefficients,
this time in stratigraphic order, for eigenvectors
I, II, and III. Subprionocyclus neptuni was not
actually included by Reyment, but it is implicit
in his analysis that it differed little from Sub­
prionocyclus normalis.

The original variables X,-X. were logarithmi­
cally transformed linear measurements to quantify
size and shape. As stated by Reyment, and
shown in Fig. 1, the eigenvector coefficients for
each variable X,-X. changed very little in going
from Subprionocyclus normalis to Reesidites mini­
mus. Variables XG and X. measured the number
of umbilical and vertrolateral tubercles, respec­
tively, and the loadings of eigenvectors I and II
for these variables differed greatly in S. normalis
and R. minimus, reversing from negative to posi­
tive sign in each case. This is the basis for Rey­
ment's statement that the transition from one spe­
cies to the other was an abrupt reversal of the
relationship between shape and ornamentation.

The available data (Fig. 1) show that Reesi­
dites minimus differed significantly from Sub­
prionocyclus normalis in the relationship of shape
and ornamentation, but nothing is indicated about
the nature of the transition from one species to
the other. Both a gradual interpretation and a
"punctuated" interpretation are illustrated in Fig.
1 for the coefficients associated with variables
X 5 and X.-which interpretation is the correct
one cannot be determined until a series of samples
are found stratigraphically and temporally inter­
mediate between the two samples analyzed by
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Reyment. It is evidently not possible at present
to subdivide collections from the S. normalis and
R. minimus zones into successive subsamples
spanning the same interval, and until additional
intermediate samples are available, nothing can
be said of the mode of transition from one spe­
cies to the other. Two points on a graph do not
determine the path of a line connecting them,
and two samples in the fossil record cannot reveal
the transition from one species to another.
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In haplo-diploid systems one part of the popu­
lation, the male sex is always haploid (hemizygous).
In haploid individuals all genes act like domi­
nants, there is no suppression of deleterious re­
cessive alleles by normal dominants. Since the
sperm cells are identical in genotype to the male
that produces them, beneficial genes are likely to be
spread more rapidly in haplo-diploid than in diploid
systems whereas disadvantageous genes should
not be able to accumulate in such a species.
Haplo-diploid species also differ from diploid
species in the fact that heterotic mechanisms can
be effective only in the diploid part of the popu­
lation. Traits that are important to both parts
of the population should not rely on heterosis. It
was argued on theoretical grounds that variabil­
ity maintained by overdominance should be re­
duced by haplo-diploidy (Hartl, 1971).

Both the possible reduction of disadvantageous
recessive alleles and the possibly decreased im-

portance of heterotic mechanisms could have im­
plications for the effects of inbreeding in haplo­
diploid systems. It is a common argument that
inbreeding depression in diploid species is caused
by the appearance of 'hidden' deleterious alleles
and by the breakdown of heterotic mechanisms.
It then follows that haplo-diploid systems should
be less affected by inbreeding, the haploid part of
the population experiencing conditions that are
similar to the homozygous condition of individ­
uals from inbred diploid species.

Nevertheless mechanisms are found in the natu­
ral history of many highly social haplo-diploid
insects that tend to prevent inbreeding, in honey­
bees, for example, the following: no mating of
queens in the hives, congregation areas of drones,
long distance nuptial flights of queens and multi­
ple insemination of queens (Ruttner, F. and Rutt­
ner, H., 1965; Woyke, 1955). Therefore the fol­
lowing questions were asked: What are the effects


