makes it difficult to establish good correla-
tions with other South American preceramic
phases. Nutting stones, such as recovered
from Preceramic Component A, have been
reported from both the Talamanca and Bo-
quete phases from Panama, where they were
hypothesized to have been used to crush
palm nuts (8). It is probable that the nutting
stone from Provincial was similarly used for
processing palm nuts. Ground stone axes
from other preceramic assemblages have
dates comparable to or slightly later than
that obtained from Preceramic Component
A, such as the Cerca Grande complex in
Brazil dated at 7600 and 7000 B.C. (9), the
Siches phase in Peru dated between 6000
and 4000 B.C. (10), and the Late Las Vegas
phase of Ecuador dated between ~6000 and
4600 B.C. (11).

The above correlations allow the Orinoco
preceramic components to be placed in a
provisional chronological framework. The
carliest, supported by the radiocarbon date
of 7070 B.C., is Preceramic Component A
from Provincial, followed by Preceramic
Component B. Taking into consideration
the similarities with the other flake scraper
assemblages noted above, Atures I and IT are
estimated to date between 7000 and 4000
B.C., with Atures I at the earlier end and
Atures II at the later end of the period.
Although lacking similar flake tools, Prece-
ramic Component A and Component B are
included within Atures I on the basis of their
probable contemporaneity. These two com-
ponents, located away from the Orinoco and
containing different tool categories, may
represent specialized extractive activities.
The termination of Atures II could be later
than estimated. The presence of several Bar-
rancoid occupations in the Provincial area
dated between 1000 B.C. and A.D. 1 (3)
suggests that Atures II ended at the latest at
~1000 B.C.

The two preceramic complexes from the
Provincial site and the Atures I and II phases
from the Culebra site represent early Ho-
locene adaptations to the tropical lowland
environment of the Orinoco River. They
may be part of a widespread, post-Pleis-
tocene radiation into the tropical lowlands
originating from the northern Andean re-
gion, given the similarities with tool kits
from the Sabana de Bogota. The assemblag-
es, in particular the flake scrapers from the
Atures phases, reflect a tool kit designed for
the manufacture of items from cane, wood,
and bone, materials upon which most of the
tropical forest culture’s technological reper-
toire is predicated. These newly defined
preceramic components belong to a Tropi-
cal Forest Archaic stage (8), representing
early Holocene adaptations to tropical forest
and savanna environments. Documenting
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the presence of these four preceramic com-
ponents opens new avenues of inquiry in the
archeology of the northern tropical low-
lands. It demonstrates a respectable antiqui-
ty for the occupation of the Orinoco River
valley and suggests that tropical forest-sa-
vanna adaptations were effected in the im-
mediate post-Pleistocene period.
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Oxygen Isotope Effect and Structural Phase
Transitions in La,CuO4-Based Superconductors

M. K. CRAWFORD, W. E. FARNETH, E. M. MCCARRON, III,

R. L. HAarLOW, A. H. MOUDDEN

The oxygen isotope effect on the superconducting transition temperature (e,,) varies as
a function of x in La,__Sr,CuO, and La,_,Ba, CuO,, with the maximum o, values
(o, = 0.5) found for x near 0.12. This unusual x dependence implies that the isotope
effect is influenced by proximity to the Abma — P4,/ncm structural phase transition in
these systems. Synchrotron x-ray diffraction measurements reveal little change in
lattice parameters or orthorhombicity due to isotope exchange in strontium-doped
materials where o, > 0.5, eliminating static structural distortion as a cause of the large
isotope effects. The anomalous behavior of e, in both strontium- and barium-doped
materials, in combination with the previously discovered Abma — P4,/ncm structural
phase-transition in La, ggBa, ,,CuQOy, suggests that an electronic contribution to the
lattice instability is present and maximizes at ~1/8 hole per copper atom. These
observations indicate a close connection between hole doping of the Cu-O sheets,
tilting instabilities of the CuOg octahedra, and superconductivity in La,CuQO,4-based

superconductors.

investigated in the new high transition

temperature (T.) superconductors in
order to clarify the role of electron-phonon
interactions in the microscopic pairing
mechanism (1, 2). The demonstration of an
isotope effect on T, played an important
role in the development of the Bardeen-
Cooper-Schreiffer (BCS) theory of phonon-
mediated superconductivity (1, 2). In mul-
tielement systems such as the high T metal
oxides, the effect of isotope mass change
AM; on the transition temperature AT, can
be written as

AT, 5 AM; )

T, - Q; M, (1)
where the index i is summed over all the
lattice sites in the structure. Since it is ex-
pected that high-frequency oxygen vibra-
tions make the largest contribution to a,

I SOTOPE EFFECTS HAVE BEEN WIDELY

most isotope effect studies in high T, sys-
tems have measured the oxygen partial iso-
tope effect .. In general, the measured
values of o, have been greater than zero, but
significantly smaller than the BCS limit of
o = 0.5, and therefore have not been con-
clusive in determining the importance of
phonons in the pairing mechanism (3, 4).
An important fact which was not explic-
itly considered in the earlier high T isotope
effect measurements is that these materials
have complex phase diagrams which exhibit
superconductivity over ranges of doping.
Isotope effects have typically been measured
only for materials with fixed compositions in
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relevant information, for each sample pair

ool a1gasBaersCu0, studied. Synchrotron x-ray diffraction data

L were obtained at the National Synchrotron

06| Light Source, Brookhaven National Labo-
- ratory, Upton, New York (7).

12 In Fig. 1 we show the Meissner data for
—~-18kF La, 9,5Bag 975Cu0, and La, ¢,Bag ooCuO,
o (*¢O and '®0) samples. In order to obtain
Boal 1 1 1 1 111 a,, values, we apply the following criteria to
7 0 the Meissner data: (i) The 20 and O
= ook curves must be parallel or nearly so; (ii) both

L curves must reach low temperature satura-
ok tion values so that we may apply the nor-
i malization procedure (8). In general, in the
o0l La,_,Ba, CuO, system the superconducting
L transitions are most narrow at low doping
30k levels, that is, x = 0.09, and it is for these
s samples that we obtain the most accurate
40—t isotope effect measurements. In the region
00 80 160 ) 240 %040 gy <x< 0.15, the transitions are very

Fig. 1. (Top) Meissner data for a 10, 180 sample
pair of La, g55Bag075CuOy, a, = 0.30. (Bot-
tom) Meissner data for a %O, *80 sample pair of
La, 4,Bag ¢oCuOy, a, = 0.53.

the optimized regions (highest T.) of their
phase diagrams. The question of whether
the isotope effect varies across the phase
diagram has not been addressed. We have
therefore made a systematic study of the
oxygen isotope effect versus x in
La,_,Sr,CuOy and La,_,Ba,CuOj,. A pre-
liminary report of the results for the
La,_,Sr,CuQO, system has appeared else-
where (5).

A complete description (6) of the experi-
mental details for the synthesis, isotope ex-
change, flux exclusion, and infrared mea-
surements is given elsewhere (5). In Table 1
we list the new a,, values, along with other

broad and we cannot obtain reliable isotope
shift data. It is also in this region of the
phase diagram that the Abma-D3} [low tem-
perature orthorhombic (LTO) phase in the
nomenclature of (9)] = P4,/ncm-Dj$ [low
temperature tetragonal (LTT) phase] phase
transition (Fig. 2) is occurring for a large
fraction of the sample (9). Indications are
that the LTT phase is either nonsupercon-
ducting or has suppressed superconductivity
relative to the LTO phase. Inclusions of the
LTT phase within the superconducting
LTO phase will decrease the amount of flux
exclusion, and broaden the magnetic transi-
tion, as we and others observe (9). For
0.15 < x < 0.175, the Meissner data sharp-
en and reach a low temperature saturation,
which allows determination of isotope shifts
with reasonable certainty. However, for
x > 0.175, we again have difficulty prepar-

Table 1. Summary of isotope data for La,_,Ba,CuO, and La,_,Sr,CuO, samples [also see (5)].
The a,, values are only given for La,_,Ba,CuO, samples with x = 0.075, 0.090, 0.100, 0.150, and
0.175. For other values of x, the Meissner transitions are too wide and do not saturate at low
temperatures, preventing us from extracting accurate o, values.

T, T, 5 v(SO)W(FO)  v(**0)w(**0)
x (onset)  (midpoint)  ATe  ® 70 T40'em 1) (500 cm™Y) %
La;_,Ba,CuO,
0075 240 20.1 076 92 1.043 1.051 0.30
0090 293 244 16 90 1.043 1050 053
0100 292 15.6 19 91 1.043 1058  0.62
0110 291 15.6
0125 290 15.4
0150 291 225 0.6 86 1.030 1050 021
0175 246 16.2 029 92 o . 0.11
0200 234 13.8 . . .
La,_,Sr,CuO*
0.12 294 254 22 92 1.034 1045 078
012t 291 25.4 23 87 1.042 1055 085
0.13 344 298 2.0 89 1.04 1053 057
0.14 36.9 324 059 90 1.04 1.05 0.15

*Data for other x values for La,_,Sr,CuQy are given in (5).  tThis sample pair was annealed at 700°C for 72
hours. This presumably increases the oxygen context and thereby the doping level to x slightly greater than 0.12,
increasing a,, while decreasing T.. An x = 0.15 sample annealed at 700°C for 72 hours had the same a,, value as a
sample annealed at 850°C, which is consistent with gnc essentially constant a,, for x = 0.15.
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ing samples that have satisfactory transition
profiles.

In Fig. 3 we plot a, versus x for both
La, ,Ba,CuO,and La,__Sr,CuO,. The Sr
data has been extended by three additional x
values from that reported by Crawford et al.
(5). The isotope effect in La,_,Sr,CuQO, is
much larger for x = 0.12 than x =0.15
(where T_ is maximum), as evident from the
data shown in Fig. 4. The value of «, at
x = 0.15 is in good agreement with previ-
ous measurements (4). The general trend we
observe, large o, (0.5 or larger) for x ap-
proaching 0.12, but small &, (e, = 0.2) for
x = 0.15 and 0.175, is similar for both Ba-
and Sr-doped systems. The maximum mea-
sured values of a, occur at x = 0.12 in
La,_ ,Sr,CuOy, and at 0.10 = x < 0.15 in
La,_,Ba,CuO, (Fig. 3). These variations
are well correlated with the LTO — LTT
phase transition data for La, _,Ba,CuO, of
Axe et al. (9). The region of maximum
structural instability in that system (highest
conversion to LTT) also occurs at x = 0.12.

Fig. 2. LTT (Top) and LTO (Bottom) tilt
structures of La, ggBa, ;,CuO,. The c-axis is per-
pendicular to the layer plane. The tilt angles have
been exaggerated by a factor of 2 for clarity. In the
LTO structure, the octahedra are rotated about
the HTT [110] axis. The LTO — LTT transfor-
mation is accomplished by a second rotation, of
the same magnitude, about the HTT [110] axis.
In the LTT structure, the Cu-O layers adjacent to
the one shown are rotated about the c-axis by 90°.
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Fig. 3. Oxygen isotope effect (a,) versus x for
La,_,Ba,CuO, and La,__Sr,CuOy. a, is defined
as T, ~ M™°,, where M is the (average) oxygen
mass.

Thus it seems likely that this phase transition
is influencing the isotope effect. This sug-
gests that the structural instability leading to
the phase transition in La, ,Ba,CuQOy is
also present in Sr-doped material, and that
there may be a connection between the
phonons involved in the LTO— LTT
phase transition and the occurrence of su-
perconductivity in doped La,CuO,.

The relationship between superconductiv-
ity and the LTO — LTT phase transition is
also apparent in the T, data. In Fig. 5 we
show T_ versus x for La,_,Sr,CuO, and
La,_,Ba,CuO,, for both onset and mid-
point T_ taken from the magnetization
curves. It is apparent that both materials
exhibit a minimum in T, near x = 0.12. In
La,_,Ba CuQO, this has been attributed to
the formation of the LTT phase (9), in
which superconductivity is suppressed. In
La,_,Sr,CuQ,, despite the lack of appear-
ance of the LTT phase (discussed below), T,
still exhibits a shallow minimum near
x = 0.12 [Fig. 5 and (10)]. We believe that
the minimum in T, for La; g¢Srg ,CuO,
also arises from proximity to the
LTO — LTT lattice instability.

X-ray diffraction structural studies have
been performed on several La,_,Sr,CuO,
samples for three purposes: first, to deter-
mine whether the Sr, ,, samples undergo
any low temperature structural distortion
associated with octahedra tilts; second, to
see if 30 incorporation produces any lattice
distortion (that is, are the 'O and '%0
samples in a given pair structurally differ-
ent?); and finally, to verify, as accurately as
possible, that the oxygen contents of the
isotope pairs are the same.

In Fig. 6 we show orthorhombicity versus
temperature data for isotope pairs of
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La, g98191,CuO, (o, = 0.64) and La, g5-
Sro.15Cu0, (o, = 0.1). All samples remain
orthorhombic at low temperature, with no
indication of a decrease in orthorhombicity
for the x = 0.12 samples which might signal
the approach to LTT symmetry. There is also
no observed difference in orthorhombicity,
for either value of x, which can be associated
with the oxygen mass or oxygen content. We
do observe the well-known decrease in
HTT — LTO transition temperature and low
temperature orthorhombicity resulting from
increased Sr concentration (9).

In Table 2, we list room temperature and
low temperature (~20 K) lattice parameters
for a La, ggSrg1,CuO, sample pair which
was annealed at 700°C in oxygen, rather
than at 850°C, our standard temperature for
isotope exchange. This pair exhibited a very
large isotope effect, o, = 0.85 (Table 1). At
room temperature (HTT structure) the 30
sample has, within error, a unit cell volume
equal to that of the 'O sample. At 20 K
(LTO structure), the *#0 unit cell is slightly
smaller, with the difference being near the
sensitivity limit. We also list in Table 2 the
20 K lattice parameters for a La; gsSrq 5-
CuO, sample pair (T, = 38 K, o, = 0.09).
Again the '®0 sample has lattice parameters
slightly smaller than the 'O sample. These
small differences, associated with isotope
exchange, imply that the variation of «,, (x)
does not originate from differences in oxy-
gen content between members of isotope
pairs or from the effect of an isotope-in-
duced structural distortion on a non-pho-
non coupling mechanism (11). The latter
conclusion also follows from considering
the pressure dependence of T.. The 2O
substitution leads to a small decrease in the
low temperature lattice parameters (that is,
near T.), perhaps due to anharmonicity,
although the precise origin is unknown.
This type of distortion is similar (but not
equivalent) to that produced by increased
external pressure. 180 substitution decreases
T., however, whereas application of pres-
sure increases T, (12). Therefore, our struc-
tural data lead us to conclude that the iso-
tope effects we measure are not a
consequence of the effect of '20 substitu-
tion on the static lattice structure, but rather
that their origin lies either in the anhar-
monic lattice dynamics or unusual electronic
effects (such as density of state variations)
associated with proximity to the LTO —
LTT lattice instability.

The sequence of known (9) phase transi-
tions in La, ggBay,,CuO, is I4/mmm
(HTT) — Abma (LTO) — P4,/ncm (LTT).

-Each of these phase transitions involves a

rotation of the CuOg4 octahedra, first about
the [110] HTT axis and then about the
[110] HTT axis (Fig. 2). The primitive unit

2.0 T T T T T T T T T
0oF  La18s5745Cu0,
- — 180 -
20} ___ 160 .
40} 1
& -6.0 - E
3 r .
13
@
o
& 05 -
= 00 La, ggSrg 12Cu0,

— g

T T T T T T T 7

T (K

Fig. 4. (Top) Meissner data for an 'O, 30
sample pair of La, gsSry;5CuOy, a, = 0.10.
(Bottom) Meissner data for an %0, 80 sample
pair of La, ggSrg 1,CuQO,. A magnetic field of 3 G
was used. This x value has a large o, = 0.77.

cells double in volume as a result of each
transition (Z = 1, 2, and 4 for the HTT,
LTO, and LTT structures, respectively).
The LTO — LTT transition doubles the
periodicity along the ¢ axis. The convention-
al unit cell parameters are a X a X ¢, V2a x
V24 x ¢, and V'2a XV 2a X ¢ for the HTT,
LTO, and LTT structures, respectively (ig-
noring the small orthorhombic distortion in
the LTO structure). This sequence of phase
transitions is also known to occur in
La,NiO, (13), La,CoO, (14), and
(CH3NH;),MCl, (15), where M, for exam-
ple, is Mn or Cd. The HTT — LTO phase
transition is expected to be second order
based upon symmetry considerations, and
the experimental data, for example in
La,CuQy,, are consistent with this expecta-
tion (16). On the other hand, the
LTO — LTT transition is expected to be
first order by symmetry (15) and appears so
from experiment (9).

There are other important differences be-
tween the HTT — LTO and the LTO —
LTT phase transitions. The HTT — LTO
phase transition is not accompanied by large
changes in transport properties, despite the
fact that calculations indicate significant
electronic coupling to octahedra tilting pho-
nons in the HTT phase (17). In contrast, the
LTO— LTT transition exhibits large
changes in transport properties (18). Fur-
thermore, the HTT — LTO transition tem-
perature smoothly decreases with x (19),
whereas the LTO — LTT transition occurs
only in a narrow region around x = 0.12.
Together, these observations demonstrate a
significant  electronic coupling to the
LTO — LTT lattice instability.

The confinement of the LTO — LTT in-
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Table 2. Lattice parameters for La,__ Sr,CuQ, isotope pairs at 300 K and 20 K. The numbers in

parentheses are estimated standard deviations.

La, g55rq.1,Cu0, La; g5Srg,15Cu0,
(o, = 0.85) (o = 0.10)
HTT (T = 300 K)* LTO (T = 20 K)t LTO (T = 20 K)+
150 87% 180 160 87% 20 160 87% 20
a (A) 3.78131(7) 3.78129(7) 5.3245(2) 5.3234(1) 5.3222(1) 5.3214(1)
b (A) c.. c.. 5.3629(2) 5.3626(1) 5.3452(1) 5.3449(1)
c (A) 13.2240(4) 13.2246(3) 13.1771(6) 13.1754(3) 13.1945(2) 13.1933(3)

*Lattice parameters refined in space

refined in space group Abma (D3g) from positions of 15 reflections.

stability to a small region of the phase
diagram near x = 0.12 requires further dis-
cussion. There are several examples of insu-
lating isostructural materials which undergo
this structural transformation, for example,
La,NiO,, s when & =~ 0 (20). This demon-
strates that ionic forces are sufficient to
produce the instability in the absence of
charge carriers. In fact, in undoped
La,CuQ, the instability is apparently incip-
ient (16). The isotope effect measurements,
however, imply that the LTO — LTT insta-
bility in doped La,CuO, is located at
x = 0.12 independent of dopant size [Ba>*
1.47 A; Sr>* 1.31 A (21)]. In order to tie
some of these observations together, we

40 T T T T T
Lay , Sr,CuO,
0l T (onset) |
20 E
\Tc (midpoint)
10 s
£ 0
Fo T T T T T
La, ,Ba,CuO4
30 B
mset)
201 T, (midpoint) .
10 B

o

0.00 0.10 0.20 0.30
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oup I/mmm (D)) from positions of 33 reflections.

tLattice parameters
$Same as t with 30 reflections.

propose the following speculative model.
The CuOg4 octahedra are intrinsically unsta-
ble to tilting distortions. The resulting tilt
structures are stabilized by temperature-de-
pendent ionic forces. There is strong inter-
layer coupling of the octahedra tilting pho-
nons in LTO La,CuQO, as demonstrated by
the large Z;* phonon dispersion in the
(001) direction (16). This coupling will
depend upon the interlayer distance, which
changes with dopant size or, for example,
with the application of external pressure
(22). The introduction of free charge carri-
ers by doping will modify these ionic forces
by (anisotropic) electronic screening, and
thereby change the free energy of a particu-
lar tlt structure. Interestingly, the
LTO — LTT transition has been described
(23) as a charge density wave (CDW)-
coupled distortion, and perhaps the intrinsic
ionic instability is supplemented by a lock-in
electronic contribution to the Landau free
energy at x = 0.12. The presence of a com-
mensurate CDW when x = 0.12 (~1/8)
depends on the Fermi surface topology at
that carrier concentration. Angle resolved
photoemission spectroscopy is one tech-
nique which can yield this information (24),
and such measurements as a function of x in
single crystals of La, _(Sr,Ba),CuO4 would
be very interesting. It is possible that in high
T, materials, instabilities between specific
(tilt) structures might exist as commensurate
or incommensurate functions of hole dop-
ing in the Cu-O sheets, and electron-pho-
non—coupled superconductivity exists near
some of these instabilities.

Following this line of reasoning further, if
the LTO — LTT phase transition were due
to a CDW, then one might expect an energy
gap to open at the Fermi surface in the LTT
phase. We have looked for a gap by infrared
reflectance and find no evidence for one at
energies above 30 cm ™! (~4 meV). If one

Fig. 5. (Top) Superconducting transition temper-
ature T. (onset and midpoint) versus x for
La,_,Sr,CuO,. (Bottom) Superconducting tran-
sition temperature T, (onset and midpoint) ver-
sus x for La,_,Ba CuQOj,.

T T v T T T
ootok La,_, Sr,Cu0, |
0 %0
O Ll o0 i
o @y
? 8
« 0.006 o 7
>
g _
18
§ 0004 - 1
o
0.002 | .
0 [ -
| L

. I . | |
0 100 200 300
T (K

Fig. 6. Orthorhombicity versus temperature for
La, 9510 1,CuOy (o, = 0.64) and La, g55r¢.15-
CuOy (a, = 0.1). Note that orthorhombicity is
sensitive to the doping (x) value and thus places
strong constraints on the relative oxygen contents
of a 190, 180 sample pair (approximately * 0.002
O?~ per formula unit).

assumes a mean field value for this gap (that
is, 2A = 3.5 kT, where T, the LTO — LTT
phase transition temperature, is 70 K), then
2A =~ 160 cm™, significantly greater than
our low energy measurement limit of 30
cm™l. Thus, clear evidence that the
LTO — LTT instability is due to a CDW
(23, 25) is still lacking, as is an explanation
for the suppression of superconductivity in
the LTT phase.
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Realized Reproductive Success of Polygynous
Red-Winged Blackbirds Revealed by DNA Markers

H. LisLe GiBBs,* PATRICK J. WEATHERHEAD, PETER T. BOAG,
BrRADLEY N. WHITE,T LisA M. TABAK, DREw J. HOYSAK

Hypervariable genetic markers, including a novel locus-specific marker detected by a
mouse major histocompatibility complex probe, reveal that multiple paternity is
common in families of polygynous red-winged blackbirds (Agelaius phoeniceus).
Almost half of all nests contained at least one chick resulting from an extra-pair
fertilization, usually by a neighboring male. Genetically based measures of reproduc-
tive success show that individual males realize more than 20% of their overall success
from extra-pair fertilizations, on average, and that this form of mating behavior
confounds traditional measures of male success. The importance of alternative repro-
ductive tactics in a polygynous bird is quantified, and the results challenge previous
explanations for the evolution of avian polygny.

N IMPORTANT CONTROVERSY IN

studies of avian mating systems is

the degree to which observed so-
cial relationships of breeding males and
females accurately predict patterns of gene
transfer across generations (1). The obser-
vation of copulations between individuals
not paired with each other (2) and parent-
age analyses using allozymes (3) imply a
significant lack of congruence between the
behavioral and genetic mating systems of
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many species and argue that alternative
reproductive tactics such as extra-pair fer-
tilizations by males and egg-dumping by
females may be important components of
individual reproductive success (4). If sig-
nificant, such alternative reproductive be-
haviors would also raise serious questions
about traditional measures of reproductive
success used in studies of avian mating
systems (5).

Theory (6) suggests that extra-pair fertil-
izations (EPFs) may be particularly impor-
tant sources of male success in polygynous
birds like the red-winged blackbird (Agelaius
phoeniceus) where males provide little paren-
tal care. In this species, field experiments
have shown that females nesting on the
territories of vasectomized males often pro-
duced fertile eggs (7), and there is evidence
that nonterritorial “floater” males are capa-

ble of fertilizing females (8). We used a
combination of traditional and novel hyper-
variable genetic markers to assess the extent
of extra-pair fertilizations in families of red-
winged blackbirds and to identify the males
responsible. Our results show that some
males gain a substantial portion of their
reproductive success through EPFs and pro-
vide a detailed analysis of realized male and
female reproductive success in a natural pop-
ulation of a polygynous bird. They also
demonstrate that EPFs severely confound
traditional measures of male success and
hence call into question previous tests of
explanations for the evolution of polygyny
in these birds (9).

To study parentage in wild blackbirds, we
collected blood samples from adults and
6-day-old nestlings from one low-density
(0.1 territorial males per hectare) and two
high-density (0.4 males per hectare) marsh-
es near the Queen’s University Biology Sta-
tion, Chaffey’s Lock, Ontario, in 1986. We
successfully collected samples from 75% (21
of 28) of all territorial males in these three
marshes and from all chicks in 90% (36 of
40) of nests on the territories of sampled
males that had nestlings old enough to be
bled. In total the 36 families we sampled
consisted of 111 nestlings, 21 putative male,
and 31 putative female parents; for 31 of
these families we captured both male and
female parents, whereas for five nests we
only had samples from the presumed male
parent (10).

For parentage analyses we followed pro-
cedures described by Seutin et al. (11) to
extract DNA from the samples and used
Southern Blot techniques to carry out ped-
igree analyses on the families using two
types of hypervariable DNA probes. First, a
mouse class II major histocompatibility
complex (MHC) c¢DNA probe from the
I-alpha locus (12) that hybridizes to a locus-
specific hypervariable region in the black-
bird genome; second, two multi-locus mini-
satellite probes, Jeffreys 33.15 (13) and the
M2.5 repetitive sequence from the per gene
in mice (14). The MHC probe (15) detects
restriction fragment length polymorphisms
in Eco RI—ut genomic DNA that have the
genetic characteristics of a single hypervari-
able locus with many co-dominant alleles
(n = 36) at low frequencies (mean allele
frequency = 2.2%). As a result the proba-
bility of false inclusion (16) for this locus in
blackbirds equals 0.07, which is equivalent
to that of many human single locus variable
number of tandem repeat (VNTR) markers
(17). Both mini-satellite probes have been
used in parentage analyses of wild birds (18,
19); each detects complex individual-specific
band patterns in blackbirds (Fig. 1).

Our approach was to use both types of
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