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Figure I. Map of the Cabo Rojo National Wildlife Refuge in Boqueron, Puerto Rico. Four-letter acronyms indicate the
location of different smooth-billed ani territories.
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Figure II. Map of the Laguna Cartagena National Wildlife Refuge in Lajas, Puerto Rico. Four-letter acronyms indicate the

location of different smooth-billed ani territories.
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Figure III. Total annual rainfall (in inches) at Cabo Rojo National Wildlife Refuge
between 1981 and 1995. (Data supplied by USFWS.)
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Figure I'V. Distribution of the average monthly rainfall at Cabo Rojo National Wildlife
Refuge between 1981 and 1995. (Data supplied by USFWS.)
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Figure V. Total annual rainfall (in inches) at Laguna Cartagena National Wildlife

Refuge between 1991 and 1995. (Data supplied by USFWS.)

total annual rainfall (inches)

50

30

20

10 S

1991
1992 -
1993 -
1994 -
1995

year

117



118

Figure VI. Distribution of the average monthly rainfall at Laguna Cartagena National
Wildlife Refuge between 1991 and 1995. (Data supplied by USFWS.)
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Table 1. Smooth-billed ani samples collected between October 1994 and May 1995 and
subsequently used in microsatellite analyses. The number of layers in each nest includes
the top (incubated) layer.

Group Sample Type Material Position of egg in nest (number
collected of layers in nest)
Cabo Rojo
POND-2 009 adult blood
010 adult blood
011 nestling blood
012 nestling blood
013 nestling blood
014 nestling blood
015 nestling blood
031 foetus whole foetus buried, middle layer (3)
032 foetus whole foetus buried, middle layer (3)
033 foetus whole foetus buried, middle layer (3)
034 foetus whole foetus buried, middle layer (3)
042 dead nestling breast, brain
NSFL-2 001 adult blood
002 nestling blood
003 nestling blood
004 nestling blood
005 nestling blood
024 foetus whole foetus buried, middle layer (3)
025 foetus breast, brain top layer (3)
026 foetus* breast, brain buried, bottom layer (3)
WIND 007 nestling blood
027 foetus whole foetus buried, bottom layer (2)
028 foetus whole foetus buried, bottom layer (2)
029 foetus whole foetus buried, bottom layer (2)
ESFL 006 adult blood
POND-1 .035 foetus whole foetus buried, third from top (8)
SCAC 021 adult blood
SECO 008 adult blood
Laguna Cartagena
INBO 016 nestling blood
017 nestling blood
018 nestling blood
019 nestling blood
036 foetus whole foetus buried, second from top (5)
037 foetus whole foetus middle layer (5)
038 foetus whole foetus middle (5)
039 foetus breast, brain middle (5)
040 foetus breast, brain middle (5)
041 foetus breast, brain top layer (5)
PLOT 020 fledgling blood
030 fledgling calf, brain
DDTR 023 adult blood
FRST 022 adult blood

* This buried egg was removed from the nest by the author and hatched artificially.



Table 2. Four microsatellite loci isolated from smooth-billed ani DNA and screened in smooth-billed anis and guira cuckoos.

An additional forward primer was designed for the CanuB locus in an effort to amplify null alleles.

Microsatellite Repeat Length of PCR  Primers
Product
CanpA (TC)y 123 bp F5 CTGTGTGTGCAGCCTGTG 3'
R 5' TGCACATACGTGGACACAG 3'
CanpB (TG) 14 75 bp F1 5' AATTTTGGAGAGAGGCAGG 3'
(124 bp) F2 5 TAAAACTATAGAAGGCGGAATG 3'
_ R 5 GCTGGCGAGCACTGAG 3'
CanpC (TG) 12 87 bp F5 CCCAGTGTGCGTGTGC 3'
R 5'CGCCTCCCGTAACCAA 3
D 196 bp F 5 AAGGCGTCAGTGTGTGT 3'
Cang gggé&(%}))f R 5 TCCCTGTCTCTCTCTCTGTG 3'

a = CGAGGGAGAGCGAGTGTGCGCCGGGAGCAACGCCGTCTGAGCG
B = CGAGTGTGTGAGTGCGGCGGGAGCCGCCCCGTCTGAGCGTCCTTCGCAG

A
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Table 3. Four microsatellite loci isolated from Japanese cuckoos and one microsatellite
locus isolated from barn swallow were screened in smooth-billed anis and guira cuckoos.
Japanese cuckoo primers and clones courtesy of H. L. Gibbs. Barn swallow primers
courtesy of O. Moore and constructed after Primmer et al. (1996).

Microsatellite Repeat Length of PCR Product of Clone
Cocu 60 (AT)o(AC) 16(AT) 13 150 bp
Cocu 83 (TG) 16 200 bp
Cocu 119 (AG),AC(AG)39 218 bp
Cocu 137 (AG)18(TG) 4 150 bp

HrU2 (GA)s(GT)TG)3 137 bp




Table 4. Number of alleles detected by within-species and cross-species amplification of nine microsatellite loci in three
cuckoo species.

Locus

Family Subfamily Species CanpA  CanuB  CanpC  CanpuD  Cocu60  Cocu88  Cocull9 Cocul37 HrU2*

Cuculidac  Crotophaginae Crotophaga ani x 4 1 5 1 . . 1 1
(n=42)
Guira guira X 2 . . 1 1 1 1 1
(n=39)

Phaenicophaeinae  Cocczys x 1 1 1 1 1 1 1 1

americanus
(n=1)

x No PCR products detected.
* PCR products detected but alleles unresolvable.
* Amplification of one individual each of Northern mockingbird (Mimus polyglottis) and common ground dove (Columbia passerina) yielded one and

two alleles respectively.

€Cl
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Table 5. Genotypes of smooth-billed anis at three microsatellite loci isolated from the
same species. An individual typed as 0303 is homozygous for the 03 allele; an individual
typed as 0204 is heterozygous for the 02 and 04 alleles. Individuals without genotypes at
one or more loci failed to amplify.

Group Sample Type Genotype at Genotype at Genotype at
CanuB CanuC CanuD
Cabo Rojo
POND-2 009 adult 0404 0202
010 adult 0101 0202
011 nestling 0204 0101
012 nestling 0204 0101
013 nestling 0303 0101 0202
014 nestling 0202 0101
015 nestling 0303 0101
031 foetus 0103 0202
032 foetus 0304 0101 0202
033 foetus 0303 0202
034 foetus 0103 0101
042 dead nestling 0303 0202
NSFL-2 001 adult 0303 0202
002 nestling 0303 0101
003 nestling 0303 0101 0101
004 nestling 0304 0101 0101
005 nestling 0304 0101 0101
024 foetus 0304 0101
025 foetus 0303 0101 0101
026 foetus 0203 0101
WIND 007 nestling 0404 0101
027 foetus 0303 0101 0101
028 foetus 0101 0204
029 foetus 0404 0104
ESFL 006 adult 0303 0101
POND-1 035 foetus 0101 0101
SCAC 021 adult 0103 0202
SECO 008 adult 0303 0101
Laguna Cartagena
INBO 016 nestling 0303 0101 0101
017 nestling 0303 0404
018 nestling 0204 0404
019 nestling 0303 0405
036 foetus 0105
037 foetus 0101 0101
038 foetus 0101 0101 0101
039 foetus 0303 0405
040 foetus 0303 0204
041 foetus 0303 0101
PLOT 020 fledgling 0204 0101 0304
030 fledgling 0304 0101 0101
DDTR 023 adult 0103 0101
FRST 022 adult 0404 0101 0101
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Table 6. Genotypes of guira cuckoos screened at one microsatellite locus isolated from
smooth-billed ani DNA. Guira cuckoo DNA samples contributed by J. S. Quinn; refer to
Quinn ez al. (1994) for detailed information on groups.

Group Sample Type Genotype at
CanuB
A3.1 13 adult 0505
14 adult 0505
15 adult 0505
16 adult 0505
17 nestling 0505
18 _ nestling 0505
19 nestling 0505
20 nestling 0505
AS.2 2 adult 0505
3 adult 0505
4 adult 0505
5 adult 0505
6 adult 0505
7 adult 0505
8 nestling 0506
9 nestling 0506
10 nestling 0506
11 nestling 0505
12 nestling 0505
E2.1 27 nestling 0506
28 nestling 0506
29 adult 0505
30 adult 0505
31 adult 0505
32 adult 0505
33 adult 0505
34 adult 0505
35 nestling 0505
E4.1 36 adult 0505
37 adult 0505
38 adult 0505
39 adult 0505
40 adult 0505
41 nestling 0506
42 nestling 0506
43 nestling 0505
44 nestling 0506
45 nestling 0505

46 nestling 0506




Table 7. Allele frequencies and number of alleles by locus and population of smooth-
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billed anis. Note that two alleles for locus CanuD that exist at Laguna Cartagena are not

found at Cabo Rojo.

Locus CanuB Locus CanuD
Allele CR LC CR LC
01 0.12963 0.19231 0.62500 0.53571
02 0.09259 0.07692 0.33929 0.03571
03 0.55556 0.53846 - 0.03571
04 0.22222 0.19231 0.03571 0.28571
05 - 0.10714
No. of alleles 4 4 3 3
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Table 8. Observed and expected numbers of heterozygous individuals in each
randomised grouping of unrelated individuals. Expected number of heterozygotes and
heterozygote deficiency are calculated using the GENEPOP 1.0 program (Raymond and
Rousset 1995).

“Random Locus Expected Observed Heterozygote
grouping number of number of deficiency
heterozygotes heterozygotes
A CanpB 6.68421 5 NS
CanuD 4.68421 1 p<0.05
B CanuB 5.705883 3 NS
CanuD 5.68421 3 p<0.05
C CanpB 7 4 NS
CanuD 1.894737 0 NS
D CanuB 6.789494 5 NS
CanuD 5.842105 1 p<0.05
E CanpB 6.894737 5 NS
CanpD 5.105263 2 p<0.05
F CanuB 5.82353 3 NS
CanpD 4.421052 2 p<0.05
G CanuB 6.684211 4 p<0.05
CanuD 4.68421 1 p<0.05
H CanpB 6.263158 4 NS
CanuD 5.68421 3 p<0.05
I CanpB 5.947369 3 p<0.05
CanpD 4.894737 1 p<0.05
J CanuB 5.947369 3 p<0.05
CanuD 6.473684 2 p<0.05




Table 9. Wright's F statistics were calculated using the FSTAT program (Goudet 1995). Sequential Bonferroni corrections were
applied to probability values (Rice 1989) which were calculated by 1000 permutations of the data set.

Group Locus Fs T FsT Group Locus Fis FiT FsT
A CanpuB 0.256 0.268 0.016 F CanpuB -0.007 0.263 0.268
NS NS NS NS NS NS
CanuD 0.759 0.819 0.252 CanpD 0.570 0.553 -0.038
NS p<0.05 NS NS p<0.05 NS
Both loci 0.448 0.515 0.122 Both loci 0.256 0.371 0.154
NS p<0.05 NS NS p<0.05 NS
B CanpuB 0.505 0.476 -0.060 G CanpB 0.378 0.444 0.106
p<0.05 p<0.05 NS NS p<0.05 NS
CanpD 0.494 0.478 -0.031 CanpD 0.759 0.819 0.252
p<0.05 p<0.05 NS NS p<0.05 NS
Both loci 0.500 0.477 -0.046 Both loci 0.527 0.607 0.169
p<0.05 p<0.05 NS p<0.05 p<0.05 NS
@ CanpuB 0.441 0.443 0.003 H CanuB 0.392 0.357 -0.059
NS p<0.05 NS NS NS NS
CanpuD 1.000 1.000 -0.081 CanuD 0.494 0.478 -0.031
NS NS NS p<0.05 p<0.05 NS
Both loci 0.567 0.561 -0.015 Both loci 0.440 0.415 -0.045
p<0.05 p<0.05 NS p<0.05 p<0.05 NS
D CanpB 0.207 0.325 0.149 I CanuB 0.507 0.511 0.008
p<0.05 NS NS p<0.05 p<0.05 NS
CanuD 0.834 0.838 0.027 CanpD 0.809 0.800 -0.048
p<0.05 p<0.05 NS p<0.05 p<0.05 NS
Both loci 0.513 0.559 0.093 Both loci 0.647 0.641 -0.017
p<0.05 p<0.05 NS p<0.05 p<0.05 NS
E CanuB 0.333 0.238 -0.143 J CanpB 0.507 0.511 0.008
NS NS NS p<0.05 p<0.05 NS
CanuD 0.609 0.631 0.056 CanpD 0.705 0.700 -0.017
p<0.05 p<0.05 NS p<0.05 p<0.05 NS
Both loci 0.445 0.416 -0.053 Both loci 0.611 0.610 -0.005
p<0.05 p<0.05 NS p<0.05 p<0.05 NS

8C1
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Table 10. Structure of the POND-1 nest showing the positions and sizes of 22 unhatched
eggs. At least three additional eggs in the top layer hatched successfully.

Layer Number of eggs Length range (mm)
top 1 40.60

second 1 34.50

third 1 38.50

fourth 1 37.40

fifth 2 36.70 & 37.90
sixth 7 35.10 - 40.20
seventh 6 34.00 - 41.35
bottom 3 37.20 - 39.20
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Table 11. Estimated number of male and female adult birds per nesting group, based on
clutch size and microsatellite data. When the combined total of estimated number of
males and females exceeds the number of adults observed, this indicates possible
occurences of intraspecific brood parasitism or a change in group size between laying and
hatching.

Group No. adults No. eggs laid Estimated no. Estimated no.
observed males females

INBO 4 16 1-2 3

NSFL-2 3-5 11 2 2

POND-1 9 25+ ? 45

POND-2 9 17 ? 34

WIND 3 12 1-2 2-3




Appendix C - Allele sizes at smooth-billed ani microsatellite loci

Allele size in bp
Locus 01 02 03 04 05 06
CanuB 142 140 124 132 136 168
CanuC 87
CanpD 196 212 198 182 179
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Appendix D - Benefits of microsatellite DNA analysis

Microsatellite DNA analysis has a number of benefits over multilocus DNA
fingerprinting. Direct comparison between individuals on two different gels is only
possible for microsatellite alleles; the large number of bands generated by multilocus
fingerprinting makes between-gel comparisons difficult and likely inaccurate.
Microsatellite alleles are also relatively easy to score in comparison, although non-allelic
bands often appear on the autoradiograph in the vicinity of the allele(s). The ladder of
bands that appears below the allele is known as "stuttering" or "shadow bands". This
pattern is presumably due to slippage of the Tag polymerase during PCR (Tautz 1989,
Tautz 1990, Hughes 1993, Lagercrantz et al. 1993), resulting in the generation of
multiple fragments of a similar size (Ziegle et al. 1992). The length of the stutter is based
on the type of repeat: a dinucleotide repeat will have stutter bands that differ by two
nucleotides, and a trinucleotide repeat will have stutter bands that differ by three

nucleotides.

It is possible to distinguish between alleles and stutters by judging the relative
intensity of the bands, because the stutters are usually less intense. As long as
consistency is maintained in scoring, the precise band that is chosen as the scored allele is
inconsequential, unless comparisons are being made to published allele sizes. When
stutter bands completely overlap with alleles, one can easily distinguish between a
homozygote and a heterozygote by using the triplet pattern that is generated (Hughes

1993), since the middle band should be darker than the bands immediately above and
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below. If scoring is excessively difficult and alternate loci are available, it may be

advisable to avoid the complex loci altogether (Tautz 1989, Rassmann er al. 1991).

Another shadow band that often occurs is one that corresponds to a fragment
which is one nucleotide longer than the allele. The amplification of this band is a result
of the property of polymerases to add nontemplated nucleotides to the 3' termini of DNA
fragments (Clark 1988). Most polymerases, including 7aq polymerase, preferentially use
dATP for the addition (Clark 1988). For a dinucleotide locus that has both stutter bands
and non-templated A additions, the resulting pattern could be a ladder of bands one base
apart, for the stutter bands are subject to nontemplated addition of dATP as well. The
addition of dATP can make scoring bands difficult when allele sizes differ by one base

pair, as in a complex repeat such as (TG),T,(TC), , where the T,, is variable in length.

Informative microsatellite loci are more discriminatory than multilocus
fingerprints. Any pair of individuals sharing more than 50 % of bands on a multilocus
fingerprint is potentially a parent-offspring pair, while only pairs that share at least one
allele at every microsatellite locus screened are potentially parent and offspring (Blouin er
al. 1996). Another advantage of microsatellites is the ability to increase discrimination by
scoring more loci or only highly polymorphic loci (Blouin ez al. 1996). The accuracy of
inferred relationships bsl inclusion is based not only on the number of loci scored, but the
average heterozygosities (H¢) of those loci (Chakraborty and Jin 1993, Blouin et al.
1996). Blouin et al. (1996) showed that twice as many loci of H.=0.62 are required to

achieve the same accuracy as a given number of loci of He=0.75.



Appendix E - Null Alleles

A null, or nonamplifying, allele is the result of complete PCR inhibition (Callen ez
al. 1993) due to lack of homology of a primer to the template sequence. The lack of
homology may be due to polymorphisms such as insertions or deletions which decrease
the affinity of the primer for the template (Paetkau and Strobeck 1995, Ishibashi ez al.
1996). The presence of null alleles can cause an overestimation of homozygosity in a
population if many individuals are heterozygous for a null allele. Often, the problem of
null alleles can be overcome by redesigning primers further upstream or downstream
from their original locations; this was attempted for CanuB but without complete success.
Null alleles have also been found in protein polymorphisms (Callen ez al. 1993) when the
null alleles lack the enzyme activity that allow loci to be scored (Foltz 1986) and in
minisatellites due to restriction fragments running off the end of the gel (Brookfield

1996).

The presence of a null allele at a locus is usually detected in one of three ways.
First, there may be an overall significant heterozygote deficiency, which results when a
number of individuals are genotyped as homozygotes when they are actually
heterozygous for a null allele. Second, one or more individuals in the population may not
be genotyped because of a lack of PCR product. Sometimes this will mistakenly be
attributed to technical error or to low quality DNA samples, when the real cause is
homozygosity of the individual for the null allele. The two suspected null homozygotes
at CanuB had both amplified at other loci and neither had worked with the old primer set.

The third clue is the non-inheritance of an allele by offspring from an apparently
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homozygous parent. This situation most strongly suggests the presence of a null allele,

but was not useful a as a diagnostic test because of incomplete families.

The source of a null allele at a particular locus may be found by sequencing a
number of individuals that are suspected to be with and without nonamplifying alleles,
and comparing their sequences. In studying (AC), microsatellites on human chromosome
16, Callen et al. (1993) discovered that an eight base pair deletion within the sequence
chosen as a priming site for PCR was the cause of null alleles at one locus. Paetkau and
Strobeck (1995) found null alleles at a locus in two species of black bears through the
absence of a match between a father and two of his offspring, and through significant
heterozygote deficiencies in population samples. By sequencing a number of individuals
they found a G to C transversion at the exact 3' position of the original GT strand primer.
Sequencing the black bears, they found that amplifying alleles had a C at this position

and non-amplifying alleles had a G.



Appendix F - Birds of North America Submission

Appendix. Linear measurements (mm) of adult Smooth-billed anis. Data reported as
mean (SE); range. Raw data from Loflin (1983).

Male (n=19) Female (n=10)
Culmen! 30.5 (SE=0.32); 24.0-32.5 29.4 (SE=0.40); 27.0-33.0
Bill height? 15.7 (SE=0.17); 11.5-18.0 14.7 (SE=0.15); 13.0-16.5

Total length3 329.1 (SE=29.00); 290.0-368.0 328.1 (SE=83.41); 285.0-375.0
Tarsus+ 31 (SE=0.3); 27-36 32 (SE=0.3); 29-35

1From base of upper mandible to the tip.

2Height of the upper bill at the nares.

3Bird laid flat on ground with head pressed down.
4Left leg distal surface.
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