lower halves were isolated, and many
large fish were present. Unknown fac-
tors had led to different numbers of adult
males in the two halves, which then
caused a significant difference in the
mean size of transforming males (25.18
mm for the lower pool, 21.91 for the up-
per pool [#(31) = 2.80, P = .005)).

The evolution of the social inhibition
system can be understood in terms of in-
dividual fitness advantage. The courtship
displays of these and other poeciliid
males are highly conspicuous, and adult
males are likely to be in greater danger of
predation than juveniles are (4, 9). Since
large poeciliid males are dominant over
smaller ones (5, 10, 11) and enjoy a mat-
ing advantage (I1, 12), it is probably a
better strategy to delay maturation in the
presence of adult males until reaching a
size sufficient for dominance or until
competing adults are removed by pre-
dation, rather than to mature at a small
size in their presence.

These relationships may have second-
ary, but important, demographic con-
sequences. The most obvious is that the
system ensures a steady supply of adult
males and tends to buffer the population
against losses by predation. While popu-
lations suffering from heavy predation
would have fewer adult males than pre-
dation-free populations, the differences
would be less than expected in the ab-
sence of social inhibition. In addition, as
Sohn has suggested for Gambusia popu-
lations (I3), predation would lead to

small adult males because of the reduc-
tion in the number of adult males pres-
ent. Fewer and smaller males would
leave more food available for reproduc-
tion by females, further buffering the
population against the effects of pre-
dation.
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New York 10003

References and Notes

1. H. M. Bruce [J. Anim. Sci. 25 (Suppl.), 83"

(1966)] described a direct effect on fecundity. M.
E. Brown [J. Exp. Biol. 21, 118 (1946)] saw an
indirect effect.

. L. Fishelson, Nature (London) 227, 90 (1970);

D. R. Robertson, Science 177, 1007 (1972).

R. L. Borowsky, Nature (London) 245, 332

(1973).

, Physiol. Zool. 46, 22 (1973).

. J. J. Sohn, Science 195, 199 (1977).

D. E. Rosen and R. M. Bailey, Bull. Am. Mus.

Nat. Hist. 126, 1 (1963).

. The localities, Encino and Sarco, are located
near the town of Encino, Tamaulipas, Mexico.
A locality map will be published (R. L. Bo-
rowsky, Evolution, in press).

8. Sizes reported are standard lengths. All males
with fully differentiated gonopodia were classi-
fied as adults. The criterion for transforming
males was at least 13 divisions in the third anal-
fin ray. All immature males in a collection equal
to or longer than the shortest transforming or
adult male were classified as juveniles. The
stages of development have been detailed (3).

9. B. H. Seghers, thesis, University of British Co-
lumbia (1973); J. A. Farr, Evolution 29, 151
(1975).

10. R. L. Borowsky, thesis, Yale University (1969).

11. F. E. McKay, Ecology 52, 778 (1971).

12. G. Gandolfi, Boll. Zool. 38, 35 (1971).

13. J. J. Sohn, Copeia 1977-11, 224 (1977).

14. T thank B. Borowsky and J. J. Sohn for criticism
and suggestions. Supported in part by NSF
grant BMS 75-13464. Permission to collect was
granted by the Mexican government and is

" gratefully acknowledged.

9 January 1978; revised 16 May 1978

N omA woN

Microgeographic Prediction of Polygyny in the Lark Bunting

Abstract. Field experiments on breeding populations of lark buntings (Calamos-
piza melanocorys) in South Dakota support the hypothesis that polygyny is promoted
by a high variance in quality among male territories. Among these birds protection of
the nest site from solar radiation is the major indicator of quality: nestling survival
was significantly correlated with nest-site cover, and experimental increase of shad-
ing resulted in higher reproductive success. Males with superior territories attracted
two mates, whereas those with poor territories failed to attract any. Secondary fe-
males had fledging success at least equal to that of contemporaneous monogamous
pairs. On the sole basis of a shading score for each territory, the mating status of
males (polygynous, monogamous, or bachelor) was predicted accurately in new
areas of Colorado and North Dakota before females arrived.

Polygyny, the simultaneous bonding
of one male with more than one female,
is relatively rare in animal populations,
having been reported only for various
taxa of mammals and birds (/). The fac-
tors favoring the selection of this particu-
lar mating system are largely a matter of
speculation. Most hypotheses suggested
have been derived from avian systems
that offer the best documented examples
of this phenomenon (2). A currently fa-
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vored hypothesis is that of Verner (3),
later extended by Orians (¢), which pro-
poses that polygyny is selected over mo-
nogamy when the differences among
male territories are such that females are
better off mating with an already mated
male on a good territory rather than with
a bachelor on a poor one. I now report
evidence from field experiments that
supports this hypothesis.

Previous data collected on avian and

mammalian polygynous mating systems
appear contradictory and have been
taken to either support (5) or refute (6)
the Verner-Orians hypothesis. Those
studies contrasted the reproductive suc-
cess of females of different mating status
throughout the entire reproductive sea-
son, hence the confusion. I focused on
the comparison crucial to the hypothe-
sis: contrasting the reproductive success
of monogamous and secondary females
mating synchronously.

To this end I studied breeding popu-
lations of lark buntings (Calamospiza
melanocorys) among which 1 predicted
polygyny (7). This was simply inferred
from the heterogeneity of the habitat, the
extreme color dimorphism, and the elab-
orate vocal displays, all well-known
characteristics of this grassland finch.

The pair structure and reproductive
success of lark buntings were studied
from 1974 to 1976 in Hughes County,
South Dakota, on a 4-hectare field of un-
evenly distributed alfalfa (Medicago sa-
tiva) and sparse grasses (Stipa spartia,
Agropiran smithii). As males arrived
on the breeding grounds, I determined
both configuration and size of territories
(Fig. 1) (8). Females arrived over a 9-day
period, starting 1 week after the arriv-
al of males. All breeding birds were
color-banded to allow individual identifi-
cation.

The first females to arrive mated mo-
nogamously with males holding terri-
tories. Among those arriving on days 5
and 6, some became secondary females
of already mated males (9). The others
mated monogamously, and so did all fe-
males arriving thereafter. About 20 per-
cent of territorial males did not acquire
any females throughout the season.

Female reproductive success is mea-
sured by the number of fledglings (Table
1). The results support the Verner-
Orians hypothesis: among contempo-
raneous monogamous and secondary
nests, in 23 of 35 possible comparisons
(10) secondary females fledged as many
as or more young than monogamous fe-
males (one-tailed sign test, P < 0.05).

In order to identify the factors deter-
mining the female’s mating choice, fea-
tures of both males and territories were
tested for heterogeneity. I found no sta-
tistical differences (/1) among bachelors,
monogamists, and bigamists with respect
to visual and acoustic characters such as
body size, surface of the white wing
patch (flashed during song-flight dis-
plays), and time spent singing. Thus the
stimuli probably stem from the terri-
tories themselves. Most food for nest-
lings is obtained outside the territory;
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thus variation in the food available
among territories should be of no impor-
tance to females. The major factors re-
sponsible for nestling mortality were
heavy precipitation, extreme temper-
atures, and predation from garter
snakes, blue racers, and ground squir-
rels. Therefore, the degree of cover at
the nest site is likely to control female
reproductive success. I thus predicted
that the crucial factors favoring the oc-
currence of polygyny pertained to char-
acteristics of cover.

I tested this hypothesis by measuring
(I2) (i) distance to the nearest alfalfa
plant (on this field nests were always
placed on the ground under this particu-
lar species), (ii) vertical density of foli-
age, and (iii) intensity of light (13) at 10
cm above the ground.

In a discriminant analysis with ca-
nonical variates, the first variate sepa-

rated the sample points into three groups
(I14)—bigamous, monogamous, and
bachelor territories. The single best dis-
criminating variable was light (15). Light
contours (/6) over the field were super-
imposed on a map of male territories
(Fig. 1). For each territory, light values,
recorded randomly over the entire range,
were correlated with those of the respec-
tive nest sites (r = .85, P < .01). The
territories with two nesting females coin-
cided with the lowest light contour val-
ues; that is, they offered the best pro-
tection from solar radiation. In contrast,
territories that never acquired any fe-
males had the highest contour values.
Consequently I hypothesized that female
reproductive success would be deter-
mined by the intensity of solar radiation
reaching the nest.

I measured illuminance at 36 nests on
days of laying and recorded the number

Table 1. Reproductive success (total number of young fledged from total number of eggs laid) of
all nests initiated synchronously with secondary nests and that of secondary nests. There were
no significant differences between groups within each year (t-test, P > .05).

Monogamous Secondary
Year Ratio Pro- Nests Ratio Pro- Nests
portion (No.) portion (No.)
1974 11:21 .5 6:12 .5 3
1975 13:21 .6 9:15 .6 4
1976 18:29 .6 10:16 .6 4

Fig. 1. Map of patchy alfalfa field showing territories belonging to males that were bigamous (no
shading), monogamous (light shading), and bachelor (dark shading) superimposed over con-
toured sixth-degree surface of the light variable. Increasing numbers indicate increasing light

intensity.

936

of young fledged per nest. As expected,
there was a high correlation (r = —.82,
P < .01) between the two variables.
Moreover, since the illuminance at the
ground level increases with the season as
a result of drying and wilting vegetation,
early nests must favor survival more
than late nests. A multiple correlation
analysis was performed on 44 nests
among (i) daily illuminance at each nest;
(ii) mortality of young measured daily;
(iii) food availability (number of grass-
hoppers sampled randomly by sweeping
method); (iv) day, starting with day 1; (v)
daily average of the earliness of initiation
index for all nests; and (vi) predation
(number of snakes and ground squirrels
found randomly within each territory).
All partial correlation coefficients were
significant (P < .01) with r ranging from
.76 to .94, except for the combinations
including the food or predation variable.
Thus, early nests did better because of
better shading provided by nest cover
rather than because of depleted food or
increased predator pressure (/7).

One should be able to increase repro-
ductive success by decreasing the in-
tensity of sunlight at the nest. On a dif-
ferent study area, crowns of plastic
leaves were fixed on top of alfalfa plants
above 43 of 85 nests. Control nests
fledged 49, 52, and 42 percent of eggs
hatched in 1974, 1975, and 1976, respec-
tively; manipulated nests fledged 76, 74,
and 65 percent of eggs. The difference
was significant for each year (z = 2.39,
P<.02; t=250, P<.02; t=229,
P < .05).

Finally, if light values indicate attrac-
tion of territories to females, one should
also be able to predict the future mating
status of each territorial male on this
basis alone. Means of illuminance values
pertaining to bigamous, monogamous,
and bachelor territories in central South
Dakota were used to predict the number
(0, 1, or 2) of females a territorial male
would acquire in both northern Colorado
and North Dakota. In Colorado, 28 out
of 31 predictions pertaining to specific
territories were correct (binomial test,
P < .0001), and in North Dakota, 24 out
of 27 (P < .001), thus supporting the hy-
pothesis that light is the determining fac-
tor of polygyny in the lark bunting.
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Bone Marrow Origin of Hepatic Macrophages

(Kupffer Cells) in Humans

Abstract. Hepatic macrophages (Kupffer cells) from two male recipients of bone
marrow transplants from females were studied for fluorescent Y body staining and
sex chromatin (Barr body). After the transplant, macrophages had the sex karyotype
of the donor, indicating that human hepatic macrophages originate in bone marrow.

Transplantation studies in rodents
have suggested that hepatic macro-
phages (Kupffer cells) are derived from a
bone marrow precursor. For example,
mice that received high-dose radiation
and bone marrow transfusion from T6/T6
chromosome-marked donors possessed
dividing hepatic macrophages of donor
origin (/). However, other investigators
have demonstrated a low but measurable
proliferative capacity in hepatic macro-

phages, a finding that lends support to
the concept of a self-sustaining popu-
lation (2). Thus, there are two potential
mechanisms for hepatic macrophage re-
newal, development from a bone marrow
precursor and local self-replication.

To evaluate the mechanism of hepatic
macrophage reconstitution in humans,
we studied two male patients who had
received bone marrow grafts from HLA-
identical female donors. Patient 051 was

Fig. 1. Morphological studies of hepatic macrophages. (A) Giemsa stain of Kupffer cells with
ingested bile pigment and hemosiderin. (B) a-Naphthyl butyrate esterase stain of a hepatic
macrophage. (C) Sex chromatin in hepatic macrophage (patient 051). (D) Fluorescent Y body in

normal male hepatic macrophage.
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