sion to induce a significant potential
across the membrane. The threshold Ey,
is calculated theoretically from Eq. 1 and
is shown in Fig. 2 along with measured
points. The rate of increase in Ey, is slow
below 100 kHz and the agreement be-
tween the theoretical and experimental
results is satisfactory. However, above
200 kHz the theoretical curve begins to
rise sharply and the disagreement be-
tween the theoretical and experimental
results becomes apparent. Since the
erythrocyte membrane is electrically
shunted at these frequencies, the field
intensity in the cell would be much high-
er than at low frequencies. Therefore,
the internal field would become suffi-
cient to perturb the structure of gelled
hemoglobin S. This may be why the
observed frequency dependence of Ey,
deviates from the curve predicted by Eq.
1.
From these results and theoretical con-
siderations, we assume that the applica-
tion of RF fields causes changes in the
red cell membrane that may induce wa-
ter uptake into the cells. In addition, RF
fields seem to perturb the structure of
intracellular hemoglobin S gels.
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Female Moorhens Compete for Small Fat Males

Abstract. Female moorhens in flocks competed with each other to obtain mates.
The heaviest females won most of the agonistic encounters, and these females paired
with males that had large fat reserves. Fat males tended to be small, possibly
because of energetic constraints on birds of large body size. Females paired with fat
males initiated more nesting attempts in a season.

Any attribute that improves the
chance of mating success should, theo-
retically, be subject to strong positive
selection, a process that Darwin (J)
called sexual selection. Although many
field studies have led to the identification
of characteristics that are likely to be
responsible for success in competition
for mates (intrasexual selection) (2), few
studies have resulted in the identification
of characteristics in one sex that are
preferred by members of the opposite
sex (intersexual selection) (3). A field
study of the moorhen Gallinula chloro-
pus has revealed a characteristic in
males that is subject to intersexual selec-
tion in a situation in which females com-
pete for access to their preferred mates.

A female’s choice of mate may be a
critical determinant of reproductive suc-
cess in situations in which males contrib-
ute to parental care or defend critical
resources (4, 5). Females may benefit by
competing for mates when the males
they acquire represent, or otherwise pro-
vide, an important scarce resource (6).
Male American jacanas (Jacana spinosa)
perform all of the postlaying parental
care, and females that are successful in
competition gain exclusive access to
more than one male. They thus create a
scarcity of males so that unsuccessful
females sometimes fail to gain any male
partners (7). In species in which there is
no shortage of available mating partners,
female competition could theoretically
occur if variance in male quality resulted
in a scarcity of ‘‘high quality’’ males (6).
Moorhens are a species in which the
male performs most of the incubation
(8). This report provides evidence that
female moorhens compete for high quali-
ty males (those with large fat reserves)
and that females paired to fat males start
more clutches in a season since the fat
males can incubate for longer than thin-
ner males.

The moorhens in the study area (9)
formed small flocks (5 to 40 birds) be-
tween October and March (10). Pair for-
mation occurred in these flocks before
the birds left to establish territories (11).
Females (/2) initiated courtship (13)
more frequently than males (N; = 87,
N, = 12; binomial test, P ~ 1.0 X
10~15; combined observations from the
winters of 1978-79 and 1979-80) (I4).
Agonistic encounters (/5) were common

and typically occurred when a female
approached a courting pair (/0). These
encounters sometimes led to fighting,
with the antagonists jumping into the air
and striking at each other with their
sharply clawed feet. Marked females in
competition for males participated in
more fights than marked males
(Ny =126, N,=12; binomial test,

= .033; combined observations from
the 1978-79 and 1979-80 winters). Dur-
ing the 1978-79 and 1979-80 winters, the
numbers of agonistic encounters ob-
served (including fights) were 85 and
152, respectively, in encounters in which
both members of a dyad were marked,
and 171 and 73, respectively, in encoun-
ters in which only one bird was marked.
These data were used to express each
female’s success in terms of the percent-
age of agonistic encounters won (/6).
The best predictor of the outcome of
aggressive encounters in flocks was
body weight (/7). However, weights can
be compared only if the birds are
weighed at the same time of year since
there is considerable seasonal variation
in body weight (10). In January 1979 and
February 1980, 62 and 52 percent, re-
spectively, of the females in the study
population were weighed. The weights of
females that were not caught at these
times were adjusted with correction fac-
tors based on mean differences in weight
from month to month (differences were
at most 19 g) (10). In both years, a higher
proportion of agonistic encounters was
won by heavier females than by lighter
females (1979: r, = .63, P < .01, N =
16; 1980: rs = .56, P < .01, N = 21) (I18).

Since females court and compete for
males in flocks in which there is no
shortage of available males (/9), it seems
likely that the females compete for ac-
cess to high quality partners. Moreover,
since heavy females win contests the
heaviest females should be paired to the
highest quality males. Males perform 72
percent of the incubation (8) so that one
hypothesis is that high quality males are
those that can incubate for long periods.
Since incubation in the moorhen is ener-
getically expensive (8) and males lose
weight during the breeding season (mean
January weight, 386 g; mean June
weight, 357 g; ¢ = 2.28; P < .05), energy
or nutrient reserves might be an impor-
tant component of male quality.

413



Condition, or the amount of stored fat,
is difficult to measure in live birds.
Weight is often used as a measure of
condition (20), but this has the disadvan-
tage that large animals are usually heavi-
er although they may be thin. The ‘‘size”’
component of weight can be removed by
dividing weight by the cube of length
(Iength is cubed for uniform dimensional-
ity) (21). The combined length of the
tarsus and metatarsus was used as the
length measurement because it does not
change with the season as do other mea-
sures such as wing length. This condition
index—weight divided by the cube of the
tarsus-plus-metatarsus length (22)—was
significantly correlated with the weight
of representative fat pads (23) in dis-
sected moorhens (N = 65, r = .66,
P < .001).

If male condition is an important com-
ponent of male quality, the heaviest fe-
males—those that win the majority of
their interactions for males—should be
paired to the males that are in best
condition. Male condition and female
weight were positively correlated in a
sample of 25 different pairs of moorhens
(Fig. 1). If females select males that are
in good condition, as these data suggest,
then males without mates and territories
should be in poor condition. In 1979 and
1980 there were 6 and 11 marked un-
paired males, respectively, compared to
15 and 13 marked paired males (24). In
both years unpaired males were in signif-
icantly poorer condition (measured in
January) than paired males (in 1979, the
mean condition of paired males was
2.03 x 10 and of unpaired males was
1.79 X 107* g/mm’, ¢ = 3.49, P < .01;
in 1980, the values were 1.99 x 10™* and
1.82 x 107* g/mm?, respectively; t =
2.15, P < .05).

Males with large fat reserves should be
able to incubate for longer periods in a
season than thinner males. Consistent
with this hypothesis, the total number of
days a male spent incubating (25) in a
season (summed over all clutches)
proved to be correlated with the condi-
tion of the male at the start of the season
(measured in January) (ry = .57,
P < .01, N = 18). If a male’s fat re-
serves, and therefore the ability to incu-
bate, limit a pair’s reproductive perform-
ance, then the number of clutches a pair
could initiate in a breeding season might
also be dependent on the male’s condi-
tion at the start of the season. Differ-
ences in the amount of predation on
nests (26) could confound a comparison
between pairs. To remove this effect, I
considered pairs whose nesting and re-
nesting attempts all suffered predation
(up to four clutches per pair). In this
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Fig. 1. Relationship between male condition
and female weight for pairs of moorhens. All
weights used, including those in the condition
index, are based on January weights (M) or
weights corrected to January weight (@) (see
text). The sample considers pairs from three
breeding seasons (1978 to 1980 inclusive). If a
pair appeared more than once, only those data
collected in the first year were included
(N =25,r=.69, P <.001).

sample, the number of clutches started
was significantly correlated with male
condition measured in January (rs = .73,
P < 0.01, N = 14) (27). Males initiate
nest building (/0) and could control the
number of nesting attempts in a season
by ceasing to initiate further attempts
when their energy reserves are exhaust-
ed. An alternative explanation of these
data is that the energy reserves of the
female and her ability to lay eggs deter-
mine the number of nesting attempts and
that the amount of incubation performed
by a male is simply a consequence of
this. However, contrary to the expecta-
tions of this hypothesis, there was no
significant correlation between a fe-
male’s energy reserves or condition at
the start of the season and the number of
clutches started (ro = .35, N = 14,
P > .05) (28).

Two factors that might influence the
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Fig. 2. Relationship between male size (the
length of tarsus plus metatarsus) and female
weight for paired birds. The sample is identi-
cal to that in Fig. 1. Weights were measured in
January (M) or corrected to January weight
(@) (see text). The outlying point (circled)
represents a pair that established a territory
much later than normal; this value is included
in the analysis (N = 25, r = —.4, P < .05).

condition of males are their age and size.
There was no significant difference in the
January condition of three age classes
[first year (N = 14), second year
(N = 6), third year or older (N = 14);
one-way analysis of variance, F = 1.75).
However, there was a negative correla-
tion between the condition of males and
the length of the tarsus plus metatarsus
(r=—.59, P <.001, N = 47) (29). This
correlation suggests that small males are
often in good condition (30) and, if this is
the case, then heavy females (those that
win most of their agonistic encounters)
should selectively pair with small males.
Figure 2 shows data that are consistent
with this prediction.

A female moorhen paired to a fat male
that can incubate for long periods can
initiate more nesting attempts and might
produce more offspring in a season. This
could provide the selective advantage for
females to compete for high quality fat
male partners even though such males
may sometimes be small.

It would be interesting to discuss the
consequences of intersexual selection
for small males on any genetic variance
in the size of males that exists, or has
existed, in the population. However, to
be meaningful, such a discussion would
have to include all other (as yet un-
known) fitness advantages and disadvan-
tages of small and large size in males.
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be the case in moorhens; one polyandrous fe-
male laid eggs for a second male after laying
three clutches for her first male (10).

29. Material was not available at this time of year to
check this result by dissection. The sample
combined 22 males measured in January 1979
with 25 males measured in February 1980. The
correlation between male condition and bill
length (an alternative measure of size) also gave
a negative correlation (N = 47, r = —.35,
< .02).

30. Small males may be in better condition because
they have lower absolute food requirements
than larger birds. The equation derived by J.
Aschoff and H. Pohl [J. Ornithol. 111, 38 (1970)]
provides an estimate of heat production (M) of a
resting bird: M = 0.0317 W exp 0.726 where W
is weight in grams and M is expressed in kilocal-
ories per hour per bird. Substituting the weight
of the smallest male moorhen measured in Janu-
ary (W = 313 g) yields M = 2.055, and substi-
tuting the weight of the largest male (W = 458 g)
yields M = 2.709. Thus, the larger bird had a 32
percent higher heat production and a corre-
spondingly greater energy expenditure. The

higher food requirement of larger birds might
become critical when the food supply, or time
available for feeding, is limited. This is the case
for moorhens in winter when there is a signifi-
cant 12 percent decline in mean adult weight
between November and January (mean Novem-
ber weight, 436 g; mean January weight, 386 g;
t = 4.44, P < .001) (10).
31. I'thank P. Walker for allowing me to work on his
land; the Wildfowl Trust, Slimbridge, for pro-
viding dissection material; L. Huson, M. Gos-
ling, and H. W. Norton for statistical advice and
comment; A. F. G. Dixon for providing the
initial opportunity to do this work and for help-
ful comment; T. R. Halliday, P. H. Harvey, and
anonymous referees for their comments on earli-
er drafts; and L. M. Gosling for his continual
support and for helpful discussion. Financial
support was provided by the Science Research
Council.
Present address: Alder Cottage, Pilson Green,
South Walsham, Norfolk, NR13 6EA, United
Kingdom.

27 October 1982

Neutrophil Pseudoplatelets: Their Discrimination by

Myeloperoxidase Demonstration

Abstract. Neutrophils, especially in acute infection or the myeloid leukemias, may
shed platelet-sized particles that can readily be distinguished from true platelets
because they contain neutrophil myeloperoxidase. This enzyme, unlike platelet

peroxidase,

is not inhibited by glutaraldehyde.

The myeloperoxidase and acid

hydrolase levels and continuous plasma membranes of these cell-like particles
suggest that they are functional cellular entities. They further differ from platelets in
that they contain nuclear remnants, occur in bacteria-laden pus and inflammatory
exudates, are ingested by macrophages, and do not adhere to each other or
aggregate. They could be involved in the immune response to pathogens or
contribute to trauma and healing by facilitating deployment of neutrophil acid
hydrolase, neutral protease, and myeloperoxidase.

While using improved cytochemical
procedures for demonstrating peroxi-
dases in granulocytic leukocytes by light
and electron microscopy (I), we ob-
served peroxidase-positive, platelet-
sized particles in the blood of many
patients. These particles differ from
platelets in that they contain a glutar-
aldehyde-resistant myeloperoxidase
(MPO) rather than platelet peroxidase,
which is completely inhibited by glutar-
aldehyde (Fig. 1, A and B) (2). MPO is
considered a virtual marker for the neu-
trophil (3), the most common leukocyte
in peripheral blood. Unlike platelets, the
newly elucidated particles may contain
nuclear fragments and appear to be
formed from neutrophils. We have
named them neutrophil pseudoplatelets
).

In most samples of blood showing
such fragments, neutrophils with cyto-
plasmic extensions or with membranes
separating their cell bodies from one of
these budding moieties could readily be
seen (Figs. 1 and 2). The high levels of
MPO and acid hydrolases present in
these particles and their continuous plas-
ma membranes suggest that they are
functional cellular entities, not merely
fragments of degenerating neutrophils.

We first observed neutrophil pseudo-
platelets in blood and bone marrow sam-
ples from myeloid leukemia patients,
who may have many neutrophil precur-
sors in their peripheral blood. They were
more prominent in samples of blood
from patients with infection-associated
neutrophilia. They were most conspicu-
ous, however, in samples of pus and
inflammatory exudates, which contained
large numbers of bacteria and neutro-
phils (Fig. 1, C to E); platelets were
rarely seen in these samples. That pseu-
doplatelets were not present in some pus
samples consisting almost entirely of
neutrophils indicates that they are not
merely products of dying or degenerating
neutrophils.

The size range of particles classified as
pseudoplatelets was the same as for
platelets. In most patients, however, the
median size of pseudoplatelets was con-
siderably larger than that of platelets.
Pseudoplatelets showed less of a tenden-
cy to assume dendritic or contracted
forms than platelets and, unlike plate-
lets, did not appear to adhere to each
other or aggregate.

The discrimination of pseudoplatelets
from platelets was rarely possible with
Romanowsky-type stains such as the
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