unknown etiology as well as in the well-
characterized diseases such as systemic
lupus erythematosus (6) and multiple
sclerosis (8). In such conditions varying
degrees of immune suppression or ex-
haustion are also demonstrated (9). With
this in mind, the spleen cell responses to
the T cell mitogens phytohemagglutinin
M (PHA) and concanavalin A (Con A)
and the B cell mitogen Escherichia coli
lipopolysaccharide (LPS) (4) were exam-
ined (10). All mitogen experiments were
performed in triplicate, three to six ani-
mals being used per experiment. With
PHA, although the degree of responsive-
ness varied with the animal, the mean re-
sponse of the arteriosclerotic animals
was depressed as much as 400 percent
from that of the controls. Similar results
were obtained with Con A. No signifi-
cant differences were noted with LPS
(Table 1).

The mixed lymphocyte reaction, an in-
dication of T cell responsiveness, was
used to further characterize T cell reac-
tivity (11). A mixed lymphocyte reaction
would be expected to occur because
Sprague-Dawley rats are not totally
syngeneic. When the spleen cells of
three arteriosclerotic animals were
pooled, there was no increase in
[*H]thymidine uptake compared with the
uptake in separate cultures. An approxi-
mate twofold increase in [*H]thymidine
uptake occurred in the pooled cells of
three control animals. These findings
give further indication of a depressed T
cell function in the arteriosclerotic ani-
mal.

To verify normal B cell function in the
LPS studies above, we assessed the anti-
body response of the arteriosclerotic ani-
mals to sheep RBC using the direct
plaque-forming cell technique (/2). Both
arteriosclerotic and control animals were
sensitized with 0.5 ml of a 10 percent
suspension of sheep RBC and the num-
ber of plaques was counted on day 5.
There was no significant difference be-
tween the mean response of the two
groups of animals (Table 1). These re-
sults indicate that the T cell-dependent
antibody response of the diseased animal
was not altered. Since no decrease in ac-
tivity was noted among the population of
T cells involved in the antibody response
to sheep RBC, whereas T cells involved
in the mixed lymphocyte reaction and in
the mitogen response were significantly
suppressed, this indicates that different
populations of T cells were involved.

The arteriosclerotic animals manifest-
ed significant T cell depression. It may
be postulated that the suppression is due
to multiple pregnancies that increase the
amount of suppressor substances (I3);
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however, the stress, which is known to
increase cortisone production (3), may
also deplete the spleen of functional T
cells. Depression of T cells has been
demonstrated in aging mice (I4), autoim-
mune disease (9), virus infections (15),
and in some experimental tumor models
(I1). The antigen-antibody complexes
demonstrated in the vessel wall cannot
be attributed to an autoimmune phenom-
enon to arterial tissue, but we advance
the hypothesis that these complexes
might include viral, environmental, or
other tissue antigens, since similar de-
posits have been demonstrated in other
models (16).

We suggest that this model of arteri-
osclerosis might be included in the same
category of disorders as some autoim-
mune or viral conditions that manifest
immune complex deposition in tissues as
well as significant immune suppression.
However, it should be emphasized that
our data demonstrate that the stress of
multiple pregnancies results in immune
suppression.

EpmunDp C. LATTIME
HELEN R. STRAUSSER
Department of Zoology and Physiology,
Rutgers University-Newark,
Newark, New Jersey 07102
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Paternity and Genetic Heterogeneity in the

Polygynous Bat, Phyllostomus hastatus

Abstract. Wild colonies of greater spearnose bats were marked, censused regu-
larly, and genotyped at three polymorphic allozyme loci. While adult composition of
social units is very stable and strong polygyny results in marked changes in gene
frequencies between generations, dispersal of offspring is sufficient to prevent signif-
icant genetic hetgrogeneities between social units. Kin selection cannot explain so-
cial cohesiveness in these highly social mammals.

Social organization in animal popu-
lations can reduce genetically effective
population sizes and restrict gene flow
between adjacent social units. These
effects and their evolutionary con-
sequences are maximized when three
features act in concert: (i) a low ex-
change rate of adults between groups; (ii)
a preferential recruitment of juveniles in-
to their parental groups; and (iii) a re-
striction of mate selection to members of
the same social unit, coupled with a large
disparity in mating success among mem-
bers of one sex. Recent treatments sup-

port the argument that the combined ef-
fects of these features are to generate
substantial genetic heterogeneity among
social units, result in rapid fixation of ini-
tially rare genetic characters, and per-
haps lead to reproductive isolation and
speciation (I). Since these latter effects
are all important stages in evolutionary
processes, it seems particularly impor-
tant to know (i) how frequently the three
social features are acting in concert and
(ii) how easily a dissonant feature can
counter the effects produced by two
sympathetic features.
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Turning the argument around, it has
become fashionable in sociobiology to
invoke genetic similarity through de-
scent as a cause, as well as a result, of
social organization. In particular, all the
three features noted above, when acting
in concert, can generate a high degree of
genetic relatedness among members of
the same social group. Through kin se-
lection, this may in turn lead to increased
cooperation among group members,
more stable social units, modification of
reproductive schedules, and other shifts
in individual behaviors (2). From the
sociobiological point of view, we may
thus ask: How often is close genetic re-
latedness among individuals a necessary
condition for the evolution of stable and
cohesive social units?

With these issues in mind, we present
field data on paternity and genetic heter-
ogeneity of social units using genetic
markers in the Neotropical bat, Phyllos-
tomus hastatus. Prior studies on this bat
in Trinidad showed that wild populations
are divided into colonies of several hun-
dred to several thousand individuals that
roost during the day in limestone caves
(3). Each colony is subdivided into clus-
ters of from 10 to 100 bats, and each ¢lus-
ter consists either of annually stable ha-
rems (adult females, recent young, and

one adult male), or of bachelor groups
(males of all ages and occasionally a few
juvenile females). Compositional stabili-
ty of harem females is high, with an an-
nual turnover rate (32 percent per year)
comparable to independent estimates of
annual adult female mortality ¢). Fe-
male composition in harems is indepen-
dent of the identity of the current harem
male and, in captive colonies, is even in-
dependent of the presence of any male.
Harem males vigorously defend their
harems against other males, are quickly
replaced when removed experimentally,
and are the only males observed to mate
with females in the day roosts (). It is
clear that these bats exhibit two of the
critical social features noted above,
namely, partitioning of the population in-
to stable and cohesive social units and
polygynous mating.

Because of the tight clustering and rel-
ative temerity of this species, we have
been able to capture entire clusters,
mark and sample all group members, and
release the bats with little subsequent
disruption of social behavior or group
compositions. When these collections
were made during the annual and syn-
chronous parturition period (late April to
early May), between 55 and 77 percent of
all mother-youngster pairs could be cor-

rectly matched for each harem. Marked
colonies were then monitored every 2
weeks for 9 months to determine compo-
sitional changes, juvenile dispersal, and
harem male turnovers.

The genotypes of all captured animals
were determined with respect to three
polymorphic allozymes obtained from
blood. Samples were obtained by pierc-
ing a wing vein with a hypodermic needle
and collecting blood in heparinized capil-
lary tubes. Plasma and cellular fractions
were separated by microhematocrit cen-
trifugation, and the two fractions were
stored separately in Dry Ice. Horizontal
starch gel electrophoresis followed gen-
eral procedures, buffers, and stains (5).
Two of the allozyme systems were iso-
lated from red blood cells: indophenol
oxidase (IPO) is diallelic with an average
frequency of 82 percent for the common
allele, and phosphoglucomutase (PGM)
is triallelic with an average frequency of
90 percent for the common allele. The
third system, isolated from plasma, is a
triallelic transferrin (Tff) with the com-
mon allele at an average frequency of 72
percent. Variation of all three systems fits
a single locus multiallelic model, the loci
are not linked, and null alleles either do
not occur or are present at very low fre-
quencies (6).

Table 1. Probability of detecting a bastard. The probability of detecting a bastard (PDB) (7) is calculated as the likelihood that we would detect it
had a male other than the harem male fathered a particular baby. Thus, the PDB for the first mother-baby pair in this table is .13 at the IPO locus
(none of the alternative BB fathers could be detected, but we would expect one-half of the AB fathers, or .13 of the total males, to reveal
themselves); 0.0 at the PGM locus (BB or BC fathers would always give the expected allele); and .67 for the Tff locus (all CC, AC, and AA plus
one-half of the BC and AB fathers would be detected). The total PDB is the sum of the PDB’s for each locus minus the chance that detection
would occur concurrently in two or three loci. The probability of not detecting a bastard (PNDB) is 1 — total PDB. A running product of the
ranked PNDB’s is taken, starting with the largest PNDB. The number of PNDB’s needed to reach .05 is (K), the maximum number of bastards that
could exist in the harem with a 5 percent chance that none would be detected.

1PO PGM T Total Total
mother Baby PDB mother Baby PDB mother Baby FDB PDB PNDB
BB BB 13 BB BC 0.0 CC BC .67 71 .29
BB BB 13 BB BB 0.0 BC BC .33 42 .58
BB BB 13 BB BB 0.0 AB BB .67 71 .29
AB AB 06 AB BC 0.0 BC BC .33 .38 .62
AB AB 06 AB BB 0.0 CcC BC .67 .68 .32
AB BB 06 BB BB 0.0 BC BB .33 .38 .62
BB BB 13 BB BB 0.0 BC BC .33 42 .58
BB BB 13 BB BC 0.0 BC BB .33 42 .58
BB BB 13 BB BC 0.0 AC BC 67 71 .29
BB BB 13 BB BB 0.0 BC BC .33 .42 .58
AB AB 06 AA AB 0.0 CC BC .67 .68 .32
BB BB 13 BB BB 0.0 AC AA* ‘‘Bastard”’
BB BB 13 BB BC 0.0 CC BC .67 71 .29
BB BB 13 BB BB 0.0 CcC BC .67 71 .29
AB AB 06 BB BC 0.0 ccC BC .67 .68 32

Harem male, BB

IPO: AA AB BB
0 8 22
f= 0 27.73

Harem male, BC

Genotype of bachelor male population (N = 30)
PGM: BB BC CC

f=

291 0 0
97 .03 0 f=0

Harem male, BB

Tf: AA AB BB BC CC AC
0 4 10 12 1
0 .15

37 .44 .04

N, number of mother-baby pairs; B, number of detected bastards; K, maximum number of bastards at the .05 confidence level.

Leakage to other males:

Minimum = B/N

Maximum = (B + K)/N

Harem male reproductive control:

Minimum = 1 — maximum leakage X 100

Maximum = 1 — minimum leakage x 100

For this harem: N = 15, B = 1, and K = 6; the reproductive control was 93 percent maximum and 53 percent minimum.

*The only one whose phenotype was totally incomparable with the current harem male.
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Beginning in April 1976, a total of 331
P. hastatus were marked, their geno-
types were determined, and their social
status was ascertained. Data were col-
lected from three limestone caves lo-
cated in parallel valleys in Trinidad’s
Northern Range. In Guanapo Valley
cave, three harems and two bachelor
groups, constituting more than 80 per-
cent of the cave population, were sam-
pled (56 adult females, 30 adult males, 33
youngsters matched to known mothers,
and 15 unmatched youngsters). In Lopi-
not Valley (Darceuil) cave, four harems
and one bachelor group, about 70 per-
cent of the cave population, were sam-
pled (61 adult females, 10 adult males, 26
youngsters matched to mothers, and 22
unmatched youngsters). In September
1976, the Caura Valley cave was sam-
pled, and two harems, (about 30 percent
of the cave population) were examined
(54 adult females, 2 adult males, and 21
weaned and unmatched juveniles). Lopi-
not cave is approximately 8 km west of
Guanapo cave, and Caura cave is about 6
km west of Lopinot cave.

Of the three social features that pro-
mote genetic structuring of social
groups, adult female compositional sta-
bility was already known to be high. We
thus used the genetic marker data to de-
termine (i) whether there is sufficient
polygyny to make harem offspring more
genetically homogeneous than the popu-
lation as a whole and (ii) whether this
genetic structuring of progeny is incor-
porated into parental groups. Three
types of calculation are needed to deter-
mine the degree of polygyny in these
bats.

1) It was necessary to demonstrate
that mating was indeed nonrandom. We
thus examined the four harems that con-
tained seven or more matched mother-
baby pairs. In each harem, the rarest al-
lele that could have been contributed by
the current harem male was identified,
and we computed the probability that as
many offspring as are observed to carry
it should do so if matings were random
among all cave males. In these four ha-
rems, mating was found to be significant-
ly nonrandom (binomial test, all cases
with P < .009).

2) We establish an upper limit on pa-
ternity that can be ascribed to the cur-
rent harem male. This is the fraction of
sampled offspring in a harem which is ge-
netically consistent with the current ha-
rem male as a father. These estimates of
paternity range from 85 to 100 percent
for the four harems with seven or more
matched mother-baby pairs, and 75 to
100 percent for all seven harems. The av-
erage upper estimate of paternity for the

21 OCTOBER 1977

Table 2. Allele frequency changes within harems between mother and filial generations.

Cave Harem Locus Allele “f”’ mothers N “f*’ babies N
Guanapo (6] Tff b .20 25 .58 19*
Guanapo (0} PGM c .00 25 .18 19
Guanapo LG Tff a .07 22 25 18*
Guanapo w IPO b .78 9 1.00 7
Lopinot Or Tff c .58 13 77 11
Lopinot Wh 1PO a 16 22 44 17*
Lopinot Y PGM a 08 13 45 10*

*P < .05,G test.

seven harems is 90 percent. Finally, be-
cause genetic compatibility between ha-
rem male and progeny does not prove
paternity (since other possible paternal
genotypes are also present in the cave), a
lower limit on paternity is needed, if we
assume the worst. The worst is that sev-
eral ‘‘bastards’ are indeed present but
have gone undetected (7). If the geno-
types of each youngster, its mother, and
its presumed father, are noted, as well as
the genotype frequencies of the males in
the cave, it is possible to compute a
probability for each youngster that it was
a bastard, but we would not have de-
tected it. Youngsters in a harem were
ranked according to decreasing probabil-
ities of being undetected bastards and
the cumulative product of these proba-
bilities was computed until it reached 5
percent. The number of youngsters re-
quired to reach 5 percent is the maxi-
mum number of undetected bastards
likely to occur in the harem. This num-
ber plus the number of obvious bastards
was used to compute a minimal paternity
rate in each harem. For the four harems
with seven or more matched mother-ba-
by pairs, the upper and lower estimates
of paternity were (N, numbers of pairs
examined): 93 to 53 percent (N = 15), 85
to 38 percent (N = 13), 100 to 22 percent
(N =9), and 100 to 0 percent (N = 7). It
is probably significant that the upper and
lower estimates converge for larger
sample sizes. Averaging these values, a

typical harem male accounts for at least
28 percent and at most 94 percent of the
offspring in his harem. Given a 2-year
stint as harem male and an observed av-
erage harem size of 22 females, this re-
sults in the fathering of from 12 to 41 off-
spring per male.

This degree of polygyny should make
the harem male very important in deter-
mining the genetic composition of the
next generation. As evidence of his im-
pact, we observe substantial allele fre-
quency changes between maternal and
filial generations in six of the seven har-
ems (Table 2), and in four of the cases,
these changes are statistically signifi-
cant. Polygyny in these bats is thus suf-
ficient to alter within-harem gene fre-
quencies between generations.

These changes in genetic composition
could be incorporated into the adult so-
cial units either by preferential recruit-
ment of female offspring into parental
units or by the formation of new harems
exclusively by females having the same
father. Analysis of genotypes of adult fe-
males in nine harems in the three study
caves shows that, in fact, there is no sig-
nificant genetic heterogeneity between
either harems in the same cave or dif-
ferent colonies in different caves (Table
3). While we do not yet have sufficient
data on the generation of new harems,
censuses taken in March 1977 of colonies
marked a year earlier indicate that nearly
all female offspring leave their parental

Table 3. Phyllostomus hastatus; genetic heterogeneity in 1976.

Cave Locus G d.f. P* N
Among harems within caves

Lopinot-Darceuil (four harems) Tff 3.8 3 > .1 62
1PO 1.6 3 > .5 62
PGM 1.9 3 > .5 62
Guanapo (three harems) Tff 5.4 2 > .05 56
PO 0.6 2 > .5 56
PGM 0.1 2 > .9 56
Caura (two harems) Tff 0.3 1 > .5 54
IPO 1.6 1 > .05 54
PGM 0.9 1 > 1 54

Among colonies in different caves (Lopinot-Darceuil, Guanapo, and Caura caves)
1.8 4 > .5 172
IPO 0.7 2 > .5 172
PGM 3.5 2 > .1 172

*P calculated by G test for heterogeneity.
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units prior to their first birthdays. That
recruitment into new harems and re-
placements in existing ones do draw ran-
domly on the full pool of new offspring is
evidenced by the lack of genetic dif-
ferences between social units.

Our results suggest two lessons which
may have general significance. (i) Even
when two of the social features promot-
ing local genetic homogeneity are pres-
ent (in our case, stable adult composition
of groups and a strong skew in male mat-
ing success), dissonant values for the
third can completely dilute out the ef-
fects of the first two features. It is pos-
sible that other combinations of two fea-
tures can equally be opposed by the
third. Hence, to understand genetic ef-
fects of social structure, it is clearly man-
datory to know the nature of all three
features in the system studied. (ii) Even
though these bats form very stable and
cohesive groups of females (the males
being primarily appendages and unre-
lated to the determination of group com-
position or stability), they need not be
more closely related to each other than
they are to females in the population as a
whole. This suggests that kin selection is
not a necessary condition, although in
other species it may be a sufficient one,
for the evolution of stable social units.
The current tendency to explain all com-
plicated social behavior as the outcome
of kin selection should perhaps be tem-
pered with more caution.

GaRry F. MCCRACKEN
Jack W. BRADBURY
Department of Biology, C-016,
University of California at San Diego,
La Jolla 92093
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Regeneration of Douglas Fir Plantlets Through Tissue Culture

Abstract. Douglas fir plantlets were produced in tissue culture under defined con-
ditions from cotyledon explants obtained from 2- to 4-week-old seedlings. Tissue
pieces were cultured on the surface of a fabric tissue support (100 percent polyester)
saturated with liquid nutrient medium; this facilitated periodic changes of the medi-
um to meet the requirements at successive developmental stages without transfer of
cultured tissues. Plant growth regulators were needed to stimulate adventitious bud
formation. Plantlets were regenerated by rooting excised shoots at 19°C on agar-
solidified medium containing sucrose and the auxin naphthalene-2-acetic acid. After
root initiation, plant growth regulators were removed; this resulted in stimulation of
root elongation and the subsequent development of plantlets, which were then estab-

lished in soil.

Adventitious buds have been pro-
duced in vitro from cotyledons of Doug-
las fir [Pseudotsuga menziesii (Mirb.)
Franco] (/). We now report adventitious
root formation on shoots derived from
these buds and describe methods for
high-frequency regeneration of plantlets
from the cotyledons. A tissue culture
system showing potential for use in mass
clonal propagation is also described.

Douglas fir cotyledons, derived from 2-
to 4-week-old seedlings, were the source
of material for plantlet regeneration.
Open pollinated seeds were sown direct-
ly in a soil mixture consisting of 60 per-
cent sorghum peat moss and 40 percent
vermiculite (Meca-Peat, Langley Ltd.,
Fort Langley, British Columbia, Cana-
da), germinated, and subsequently
grown in a growth chamber maintained
at 25°C during an 18-hour photoperiod at
a light intensity of 1000 footcandles
(~ 11,000 lu/m?) followed by 19°C during
a 6-hour dark period. When the seedlings
were 2 to 4 weeks old, they were excised
at the upper region of the hypocotyl and
sterilized as follows. Plant materials
were submerged with slight agitation in 6
percent Clorox (5.25 percent NaOCl) for
8 minutes and then rinsed three times

with sterile distilled water until they
were free of NaOCIl. Before the estab-
lishment of cotyledons in culture, the
NaOCl-treated plant tissue was placed
for 3 to 6 days on an agar-solidified nutri-
ent medium containing the plant growth
regulators Ng-benzylaminopurine (BAP)
and naphthelene-2-acetic acid (NAA) at
concentrations of 5 uM and 5 nM, re-
spectively. At the end of this treatment,
contaminated and injured tissues were
eliminated; only vigorously growing cot-
yledons were used for in vitro experi-
ments.

The tissue culture system consists of a
culture vessel and a fabric tissue support
made of 100 percent polyester fleece 3
mm thick (Pellon Corp., Lowell, Massa-
chusetts). A plastic petri dish (either 60
by 15 mm or 100 by 20 mm), layered with
a circular disk of polyester fleece, was
filled with liquid nutrient medium to such
a level that the fabric tissue support was
well moistened and served as a bridge
between tissue explants and nutrient.
Aseptic cotyledons were sliced cross-
sectionally at approximately 3-mm inter-
vals, and these explants (14 for the small
petri dish and 25 for the large one) were
then cultured on the surface of the fabric

Fig. 1. Regeneration of plantlets in culture from cotyledons of Douglas fir. (a) Adventitious buds
produced from cotyledon explants cultured for approximately 4 weeks on the surface of a fabric
tissue support saturated with liquid medium containing 5 uM BAP plus 5 nM NAA, and subse-
quently cultured for 2 weeks on a new medium containing no plant growth regulators. Plantlets
were regenerated by rooting shoots excised from the shoot cluster (a) on an agar-solidified
medium containing 0.25 uM NAA at incubation temperatures of 24°C (b) and 19°C (c).
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