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ABSTRACT.--The taxonomy of the Australasian teals has been particularly unstable. Aus- 
tralasian Grey Teal (Anas gracilis) and Chestnut Teal (A. castanea) are widely viewed as spe- 
cifically distinct, but the taxonomy of the New Zealand teals remains unsettled. Because con- 
servation status is affected by taxonomic rank, it is important to resolve the status of the rare 
subantarctic teals. To estimate phylogenetic relationships of teals, we sequenced three mi- 
tochondrial DNA genes (12S, and ATPase 6 and 8). The resultant phylogeny unequivocally 
groups the Chestnut Teal with the Grey Teal, rather than with the New Zealand teals as has 
traditionally been held (Fleming 1953). A greater level of sequence divergence occurred 
within the New Zealand teals than between the Grey and Chestnut teals. This diversity, to- 
gether with morphological and behavioral differences, implies that the New Zealand teals 
should be accorded specific status as A. aucklandica, A. nesiotis, and A. chlorotis. Although it 
is most likely that the teal that colonized the Auckland Islands and Campbell Islands orig- 
inated in New Zealand, our data do not allow us to determine whether the ancestors of the 

Campbell Island Teal came from mainland New Zealand or the Auckland Islands. This un- 
certainty arises because, as our data show, the colonization events were separated by a short 
period of time. Received 25 November 1998, accepted 16 June 1999. 

F•VE EXTANT TEALS inhabit the Australasian 

region and provide an interesting example of 
speciation in insular Southern Hemisphere wa- 
terfowl (see Livezey 1990). Grey Teal (Anas 
gracilis), which are small and drab, are wide- 
spread throughout Australia. Last century the 
species was rare and localized within New Zea- 
land, but it is now widely distributed (Mar- 
chant and Higgins 1990). Grey Teal are broadly 
sympatric with the Chestnut Teal (A. castanea) 
in southeastern and southwestern Australia 

and with the Brown Teal (A. chlorotis) in main- 
land New Zealand (Marchant and Higgins 
1990); vagrant Chestnut teal have been report- 
ed in New Zealand on several occasions (Guest 
1992). Chestnut Teal are strongly sexually di- 
chromatic; the male has a green head, chestnut 
breast, and dark upperparts, and the female 
closely resembles a Grey Teal. Brown Teal are 
less obviously dichromatic, with the female a 
more uniform brown than the male, which has 
a deep chestnut breast and a green iridescence 
on the crown and nape. Brown Teal were for- 
merly widespread throughout North, South 
and Stewart Islands but are now rare and re- 

stricted in their distribution, with the main 
populations in the north of North Island and on 
Great Barrier Island (Marchant and Higgins 

I E-mail: martyn.kennedy@stonebow. otago.ac.nz 

1990). The brown-plumaged teals (i.e. all teals 
except the Grey Teal) all exist in allopatry. The 
Auckland Island Teal (A. aucklandica) and 
Campbell Island Teal (A. nesiotis) occur only on 
their respective subantarctic island groups (see 
Fig. 1). They are smaller and darker than the 
Brown Teal, and unlike this species, they are 
flightless (Marchant and Higgins 1990). 

The taxonomy of the Australasian teals has 
been the subject of much debate (e.g. Dumbell 
1986, Williams and Robertson 1996). Anas grac- 
ilis, for example, was previously treated as a 
subspecies of A. gibberifrons of Indonesia (Live- 
zey 1991). Although now universally accepted 
as separate species (e.g. Marchant and Higgins 
1990, Turbott 1990, Livezey 1991, Christidis 
and Boles 1994), occasional debate has ques- 
tioned whether Grey and Chestnut teals war- 
rant separate specific status (Frith 1967) de- 
spite their widespread sympatry. 

The taxonomic history of the brown-plum- 
aged teals remains unresolved (see Dumbell 
1986). Fleming (1953) considered the Brown, 
Auckland Island, and Campbell Island teals 
(the endemic New Zealand teals) to be subspe- 
cies of the Chestnut Teal, a position accepted by 
Frith (1967). More recently, however, the New 
Zealand teals have been accepted as specifical- 
ly separate from the Chestnut Teal, although 
several different taxonomic arrangements have 
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FIG. 1. The Australasian region. 

been proposed. One arrangement considers 
them to be three allopatric subspecies (Kinsky 
1970, Dumbell 1986, Turbott 1990), another ac- 
cords all of them separate specific status (Mar- 
chant and Higgins 1990), and yet another ac- 
cords specific status to the Brown Teal and 
Auckland Island Teal but places the Campbell 
Island Teal as a subspecies of A. aucklandica 
(Livezey 1990). 

A. platyrhynchos 

A. superciliosa 

A. aucklandica 

A. chlorotis 

A. castanea 

A. gracilis 

FIG. 2. Topology of morphological tree for the 
taxa used in this study (pruned from 59 taxa; Livezey 
1991). Branch lengths are proportional to the number 
of changes along the branch. Livezey's (1990) tree has 
the same topology for the teals with the addition of 
A. nesiotis as sister taxon to A. aucklandica (A. gracilis 
is equivalent to A, gibberifrons of Livezey 1990). 

Using morphological characters, Livezey 
(1991) generated a phylogeny for dabbling 
ducks that included most of the Australasian 

teals (Fig. 2). This phylogeny suggests a pattern 
of speciation in which the monochromatic Grey 
Teal separated from the common ancestor of 
the dichromatic brown-plumaged teals within 
Australia. Within the brown-plumaged teals, 
the Chestnut Teal later diverged from the pro- 
genitor of the New Zealand teals, the latter pre- 
sumably invading New Zealand from Austra- 
lia. The Auckland Island Teal then diverged 
from the Brown Teal after colonizing from the 
New Zealand mainland. In an earlier paper, 
Livezey (1990) presented a tree of the same to- 
pology that included only the teal and included 
the Campbell Island Teal as sister taxon to the 
Auckland Island Teal consistent with the tra- 
ditional hypothesis that the Campbell Islands 
were colonized from the Auckland Islands 

(Dumbell 1986). Alternatively, if the Auckland 
and Campbell Island teals are not sister taxa, 
the Auckland and Campbell Island coloniza- 
tions represent separate events from the main- 
land, with Brown Teal stock giving rise to both 
species (Turbott 1968, Dumbell 1986). Live- 
zey's (1990, 1991) phylogeny implies that the 
strong sexual dichromatism of the Chestnut 
Teal represents the ancestral state and is thus 
reduced in the insular forms, a pattern that tra- 
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ditionally has been interpreted as the loss of an 
isolating mechanism (i.e. dichromatism isolat- 
ing the Grey and Chestnut teals). 

The taxonomic status of the different teals 

has important conservation implications for 
taxa that are rare or endangered. The New Zea- 
land Department of Conservation policy in- 
cludes taxonomic distinctiveness as one of five 

factors assessed to determine conservation pri- 
orities (Molloy and Davis 1994). Within these 
five factors, taxonomic distinctiveness is only 1 
of 17 criteria used to assess conservation pri- 
orities, but it is supposed to be a deciding fac- 
tor when new conservation programs are 
planned (i.e. all else being equal more distinct 
taxa will be given a higher priority; Molloy and 
Davis 1994). 

In an attempt to resolve the taxonomic and 
systematic status of the Australasian teals, we 
sequenced mitochondrial DNA (mtDNA) from 
the members of this group. Sequence data can 
be used as a measure of the relative level of di- 

vergence among the teals and in the estimation 
of their phylogenetic relationships. A robust 
phylogeny for the group would allow us to 
evaluate the biogeographic origin of the differ- 
ent teals. 

METHODS 

Total genomic DNA was obtained for each of the 
samples using proteinase K followed by phenol/ 
chloroform extraction (blood for all teals, muscle tis- 
sue for Mallard [A. platyrhynchos], and heart tissue 
for the Grey Duck [A. superciliosa]). Once extracted, 
the DNA was amplified for three mtDNA genes (12S 
ribosomal RNA and ATPase 6 and 8). We used the 
polymerase chain reaction (PCR) to amplify these re- 
gions with universal primers for 12S (Kocher et al. 
1989) and primers for ATPase 6 and 8 (see Kennedy 
1999). For ATPase 8 to be amplified, a new primer 
that is more suited to waterfowl, L9058 (5'- 
AGCCTTTTAAGCTACT-3'), was designed from the 
sequence of Ramirez et al. (1993). The prefix to the 
primer indicates that it is the light (L) strand and the 
number refers to the position of its 3' end according 
to the chicken mtDNA sequence (Desjardins and Mo- 
rais 1990). The primer pairs of L9265 and either 
H9922 or H9898 (required for the Brown Teal) were 
used to amplify ATPase 6 (see Kennedy 1999), 
whereas L9058 in combination with either of the 

heavy strand primers amplified ATPase 8 and 
ATPase 6. 

A typical 25-•L double-stranded PCR amplifica- 
tion contained extracted genomic DNA, 0.5 •M of 
each primer, one unit of Taq polymerase (Promega), 

2.5 •L of 10X Taq buffer (Promega), I mM MgC12 
(Promega), and 200 •M of each dNTP. Negative con- 
trols were included with each PCR reaction, and all 
mixtures were covered with mineral oil. The reaction 

began with denaturation (94øC for 3 min) followed 
by 40 cycles of annealing (1 min) at 55 to 57øC (for 
12S) or 42 to 45øC (for ATPase), template extension 
at 72øC (1 min), and denaturation at 94øC (1 min). Fi- 
nal annealing (1 min) and extension (4 min) steps 
completed the reactions. The PCR product was pu- 
rified using Gelase (Epicentre Technologies) and 
then sequenced by an automated sequencer using ei- 
ther the PCR primers or internal primers (Kennedy 
1999). Wherever possible, both strands of DNA were 
sequenced for samples of two or more individuals of 
a species to verify the accuracy of the sequencing and 
control for DNA contamination (i.e. three individu- 
als for Grey Teal, one Mallard, and two for the other 
taxa). The Grey Teal samples originated in New Zea- 
land. Ambiguity codes were used when it was not 
possible to discriminate between alternative bases at 
a site, and these sites were treated as uncertain. 
These sites typically were bases that had little signal 
supporting either of two alternative bases rather 
than being strong double peaks. The ATPase se- 
quence from Ramirez et al. (1993) for the Mallard 
was obtained from GenBank. Unlike the ATPase se- 

quence, the segment of 12S sequenced by Ramirez et 
al. (1993) differed from that used here, so we se- 
quenced 12S for a Mallard. 

Sequences were aligned by eye. The 12S sequence 
was aligned with reference to the seabird data of Pat- 
erson et al. (1995) and using the secondary-structure 
model and conserved-motifs approach of Hickson et 
al. (1995). The sequences have been submitted to 
GenBank (accession numbers AF173480 to 
AF173494). Analyses were conducted using test ver- 
sion 4.0d64 of PAUP*, written by David L. Swofford. 
Phylogenetic trees were constructed with maximum 
parsimony (using exhaustive searches) and maxi- 
mum likelihood (using branch and bound searches). 

To investigate the support for our trees and the 
phylogenetic signal in our sequence data, we used 
bootstrapping (Felsenstein 1985), decay indices (Bre- 
mer 1988), Kishino-Hasegawa tests (Kishino and 
Hasegawa 1989), and spectral analysis (Hendy and 
Penny 1993). The bootstrap estimates statistical sup- 
port for the branches of a tree, whereas the Kishino- 
Hasegawa test estimates the significance of the ob- 
served difference (in likelihood or tree length) be- 
tween any trees being compared. For the bootstrap 
analyses, 1,000 replicates were performed for parsi- 
mony (using a heuristic search) and 100 for maxi- 
mum likelihood (using a fast-heuristic search). The 
decay index is the difference between the length of 
the parsimony tree(s) and the shortest tree(s) lacking 
that node. The program Spectrum 2.0 (Charleston 
1998), which implements spectral analysis (Hendy 
and Penny 1993), was used to further investigate the 
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phylogenetic signal in the data. Support for a split (a 
split is any bipartition of the set of sequences and 
thus is equivalent to a branch) is a function of the 
number of changes in character state that correspond 
to that split, and the conflict for a split is the sum of 
the support for the splits that conflict with it. For dis- 
cussions of spectral analysis and its use, see Lento et 
al. (1995) and Page et al. (1998). The spectrum can be 
computed from two-state sequence data, but because 
of difficulties handling missing data (Page et al. 
1998), we computed the spectrum from distance ma- 
trices. We used the Tamura-Nei model to correct for 

superimposed changes (this model allows for un- 
equal base frequencies and a transition/transversion 
bias with two transition classes; Tamura and Nei 
1993). 

RESULTS 

Our alignment gave a 394-bp fragment of 
12S, and the overlapping ATPase 6 and 8 cod- 
ing genes gave a 778-bp fragment. A partition- 
homogeneity test (Farris et al. 1995) showed 
that there was no significant difference in phy- 
logenetic signal between the ATPase and 12S 
sequence, so we analyzed them as a single data 
set (100 replicates, P = 1.0). Of the 115 variable 
sites, 73 of the characters were parsimony in- 
formative. Both the significantly skewed tree- 
length distribution (g• = -1.198 from 10,000 
random trees, P < 0.001; Hillis and Huelsen- 
beck 1992) and a PTP test (1,000 replicates, P = 
0.001; Faith 1991, Faith and Cranston 1991) 
showed that the data contained significant sig- 
nal. With the Mallard and Grey Duck defined 
as outgroups and all sites weighted equally, the 
resulting parsimony tree had a length of 107 
steps (Fig. 3). We found the same topology for 
parsimony when transversions were given 
greater weight than transitions, and in the max- 
imum-likelihood analysis (consequently, we 
present only the equally weighted parsimony 
tree). 

High decay index values and 100% bootstrap 
values were found for three of the four internal 

branches, i.e. separating the Grey Duck and 
Mallard from the teals, the sister-taxa grouping 
of the Grey and Chestnut teals, and grouping 
the New Zealand teals (Fig. 3). The short inter- 
nal branch grouping the Brown and Campbell 
Island teals had high bootstrap support (91%) 
but a low decay index. Similar bootstrap values 
were found for both the weighted-parsimony 
and maximum-likelihood analyses. The spec- 
tral analysis also showed high levels of sup- 
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F•c. 3. Equal weights maximum-parsimony phy- 
logram (tree length = 107, CI = 0.944, RI = 0.935). 
Branch lengths represent the number of substitu- 
tions along each branch. The percentage of bootstrap 
replicates (out of 1,000) that supported each node 
(->50%) are shown below the branches, and the decay 
indices are shown above the branches. Both weight- 
ed parsimony analyses (i.e. with transversions given 
greater weight than transitions) and maximum-like- 
lihood analyses (with transition to transversion ra- 
tio, the proportion of invariable sites, and the gamma 
shape parameter all estimated) found the same to- 
pology. The bootstrap values were almost identical 
for weighted parsimony and were similar for maxi- 
mum likelihood. 

port, and low or nonexistent levels of conflict, 
for the split that groups the Mallard and Grey 
Duck separately from the teals, for grouping 
the Grey and Chestnut teals, and for grouping 
the New Zealand teals together (Fig. 4). The 
spectrum, like the decay index, showed that the 
level of support for grouping the Brown and 
Campbell Island teals is relatively low. There 
was, however, no conflict in our data against 
grouping the Brown and Campbell Island teals 
together, with virtually no support and some 
conflict for the alternative arrangements 
grouping either the Brown and Auckland Is- 
land teals or the Auckland Island and Camp- 
bell Island teals (Fig. 4). 

Our equally weighted parsimony analysis 
produced one most-parsimonious tree of 
length 107 and two trees of length 109. No other 
trees had a length of less than 123. The two 
trees with a length of 109 grouped either the 
Brown and Auckland Island teals or the Auck- 

land Island and Campbell Island teals. A Kishi- 
no-Hasegawa test comparing all three trees of 
length 109 and smaller showed that we cannot 
reject these alternate topologies (P > 0.05). 
Livezey's topology (Fig. 2) has a length of 125 
and can be rejected by the Kishino-Hasegawa 
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FIG. 4. The support/conflict spectrum. The splits 
are labeled by the taxa they group and are ordered 
left to right by their (positive) support values (i.e. ex- 
pected number of substitutions per site), with the 
(negative) conflict values normalized following Len- 
to et al. (1995). 

test (P < 0.0001; i.e. no significant support for 
it in our data). Similarly, the spectrum showed 
no support and extremely high conflict for the 
split grouping the Chestnut, Brown, Auckland 
Island, and Campbell Island teals (Fig. 4). 

Our phylogeny (Fig. 3) shows that the Grey 
and Chestnut teals are sister taxa and the New 

Zealand teals are monophyletic. Branch 

lengths, which are proportional to the number 
of substitutions, indicate that the New Zealand 
teals are as divergent from one another as the 
Grey and Chestnut teals. Pairwise comparisons 
(Table 1) show that Grey and Chestnut teals dif- 
fer by 0.29%, and the divergences between the 
New Zealand teals vary from 0.63 to 0.70% (Ta- 
ble 1). 

We also combined our mtDNA data set with 

all other available mtDNA sequence data (more 
than 1,000 bases each of two mtDNA genes, cy- 
tochrome b and ND2, obtained from GenBank; 
Johnson and Sorenson 1998) to construct a phy- 
logeny for the group. A partition-homogeneity 
test showed that there was no significant dif- 
ference in phylogenetic signal between Johnson 
and Sorenson's (1998) cytochrome-b and ND2 
sequence and our ATPase and 12S sequence; 
thus, we analyzed it as a single data set of more 
than 3,200 bases (100 replicates, P = 0.27). With 
this combined data set, we found a single 
equally weighted parsimony tree that grouped 
the Grey and Chestnut teals as sister taxa (boot- 
strap value of 100% and high decay index, Fig. 
5). The New Zealand teals form a monophyletic 
group with a bootstrap value of 100% and a 
high decay index, and the combined data set 
placed the Auckland Island and Campbell Is- 
land teals as sister taxa. Although the bootstrap 
support for grouping the Auckland Island and 
Campbell Island teals was reasonable (76% vs. 
23% that supported grouping the Brown and 
Campbell Island teals, which was the next 
most-parsimonious tree), the decay index of 
only 2 showed that the strength of the signal 
was weak. A Kishino-Hasegawa test did not re- 
ject either of the alternative hypotheses, i.e. that 
the Brown and Campbell Island teals or the 
Brown and Auckland Island teals are sister taxa 

(P > 0.05). As before, a Kishino-Hasegawa test 

TABLE 1. Percent sequence divergence between different taxa based on the model of Tamura and Nei (1993). 
Values below the diagonal are for our data alone, and values above the diagonal are for our data combined 
with those of Johnson and Sorenson (1998). 

Taxon i 2 3 4 5 6 7 

1 Mallard -- 0.94 5.63 5.45 6.40 6.54 6.09 
2 Grey Duck 1.75 -- 5.74 5.55 6.40 6.48 5.98 
3 Grey Teal 6.09 5.64 -- 0.09 5.37 5.22 5.05 
4 Chestnut Teal 5.58 5.06 0.29 -- 5.36 5.32 5.02 
5 Auckland Island Teal 5.77 4.96 3.98 3.95 -- 0.92 0.84 
6 Campbell Island Teal 6.39 5.50 3.87 4.14 0.70 -- 0.77 
7 Brown Teal 6.09 5.23 4.06 3.96 0.63 0.63 -- 
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FIG. 5. The equal weights maximum-parsimony 
phylogram for the combined data set (i.e. our se- 
quence plus that of Johnson and Sorenson 1998). Tree 
length = 324, CI = 0.951, and RI = 0.951. Branch 
lengths represent the number of substitutions along 
each branch. The percentage of bootstrap replicates 
(out of 1,000) that supported each node (->50%) are 
shown below the branches, and the decay indices are 
shown above the branches. 

of divergence between the South Island Brown 
Teal and the other teals exceeded 5%. 

Initially, we considered that a contamination 
event occurred, but new subsamples of the 
originals showed that this was not the case. The 
difficulties obtaining sequence for these indi- 
viduals and the level of genetic divergence be- 
tween the Grey Duck and Mallard versus the 
South Island Brown Teal may be explained if 
these sequences were of nuclear origin. Anoth- 
er possible explanation is that because mtDNA 
is inherited maternally, there was a hybridiza- 
tion event (as noted in Brown Teal; Dumbell 
1986) between a female Mallard or Grey Duck 
and a male South Island Brown Teal, and that 
both of the individuals we sequenced were de- 
scendants of such a mating. From our sequence, 
we cannot tell if such a hybridization event 
would have been with a Mallard or Grey Duck, 
which hybridize extensively in the wild. 

rejected the hypothesis (P < 0.0001) that places 
the Chestnut Teal as a sister taxon to the New 

Zealand teals (i.e. Fig. 2) 
In addition to the taxa already discussed, we 

obtained blood samples of two South Island 
Brown Teals (A. chlorotis peculiaris) from the 
remnant population in Fiordland National 
Park. Mathews (1937) proposed subspecific sta- 
tus for South Island Brown Teal based on small- 

er wing measurements than their North Island 
counterparts. We sequenced the same genes for 
the South Island Brown Teal to assess its taxo- 

nomic status and phylogenetic position. Se- 
quencing these individuals proved difficult, 
and we were unable to sequence 120 bases of 
12S because one of the primers would not pro- 
vide any readable sequence. The South Island 
Brown Teal sequence was added to our data set 
and analyzed using both parsimony and max- 
imum likelihood to find the best estimate of the 

phylogeny. Surprisingly, rather than grouping 
the South Island Brown Teal with the North Is- 
land Brown Teal or one of the subantarctic 

teals, the South Island Brown Teal grouped 
with the Mallard and Grey Duck. This group- 
ing was supported by high bootstrap values 
(100% for grouping with the Mallard and Grey 
Duck and 96% for being a sister taxon to the 
Mallard from 1,000 parsimony bootstrap rep- 
licates) and by low levels of divergence be- 
tween the South Island Brown Teal and Grey 
Duck (1.09%) and Mallard (1.17%). The levels 

DISCUSSION 

Our phylogeny shows that the hypothesis 
that the Grey Teal and the brown-plumaged 
teals (Chestnut and New Zealand teals) di- 
verged before the latter colonized New Zealand 
(see Fig. 2) and further diversified is not cor- 
rect. All of our results show that the Grey Teal 
and Chestnut Teal are sister taxa, and we can 
reject the hypothesis that places the Chestnut 
Teal and New Zealand teals as sister taxa. Our 

phylogeny thus implies that the common an- 
cestor of all the Australasian teals diverged in 
two lineages, one in Australia and the other in 
New Zealand. Following the traditional per- 
spective, we assume that teal from Australia 
colonized New Zealand (Falla 1953, Livezey 
1990), but our phylogeny contains no evidence 
that the colonization must have been in this di- 

rection. Within Australia, the teal diverged into 
the Grey and Chestnut teals, and given the di- 
vergence between the two (Table 1), the split 
probably occurred at approximately the same 
time as (or perhaps after) the New Zealand 
teals diverged from one another. 

We were unable to resolve the topology with- 
in the New Zealand teals. Although we ob- 
tained good bootstrap support for grouping 
the Brown and Campbell Island teals, there was 
a low decay index and low support from spec- 
tral analysis for that relationship. The spectrum 
(Fig. 4) showed that the high bootstrap support 
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that grouped the Brown and Campbell Island 
teals resulted from a lack of signal in the data 
for any alternative groupings. 

Monophyly of the Grey and Chestnut teals.--The 
finding that the Grey and Chestnut teals are 
sister taxa is extremely well supported by both 
bootstrapping and decay indices (Fig. 3) and by 
the spectral analysis (Fig. 4). Other molecular 
evidence, including DNA (Sraml et al. 1996, 
Young et al. 1997, Johnson and Sorenson 1998) 
and allozymes (Daugherty et al. 1999), indi- 
cates that the Grey Teal and Chestnut Teal are 
sister taxa (although the UPGMA and neigh- 
bor-joining trees constructed from the allo- 
zyme data differ somewhat and have poor 
bootstrap support for this grouping). More- 
over, the morphological similarity of the fe- 
male, juvenile, and eclipse male Chestnut Teal 
and Grey Teal and behavioral information 
(Marchant and Higgins 1990) support group- 
ing these species. Display bouts, for example, 
distinguish Grey Teal from any other species 
apart from Chestnut Teal (Marchant and Hig- 
gins 1990). The similarity of the male breeding 
plumages of the brown-plumaged teals has had 
a major influence on their taxonomy, over- 
whelming other evidence that supports group- 
ing the Chestnut Teal and Grey Teal (Daugh- 
erty et al. 1999). 

Livezey's (1991) phylogeny (Fig. 2) has four 
characters that group the Chestnut Teal with 
the New Zealand teals. Given the weight of ev- 
idence grouping the Grey and Chestnut teals, 
these characters need to be reevaluated, and 
possibly either recoded or considered as con- 
vergent traits. The first of Livezey's (1991) char- 
acters (26) is the presence or absence of a chest- 
nut wash on the sides, belly, and breast. This 
character is linked with dichromatism in the 

group, with only the males having the chestnut 
wash (Marchant and Higgins 1990). Dichro- 
matism may have been lost repeatedly within 
the dabbling ducks (Omland 1997), and thus it 
is possible that monochromatism is the derived 
state in Grey Teal (vs. dichromatism in the oth- 
er taxa). The second of the characters (30) is the 
presence or absence of a generalized, poorly 
differentiated greenish postorbital iridescence. 
This character may have been miscoded. Rather 
than being shared by all of the brown-plum- 
aged teals, this character appears to be shared 
by only the New Zealand teals, because male 
Chestnut Teals (like Mallards) have a fully 

green head (Marchant and Higgins 1990). The 
third of the characters (42) is the cranial border 
of the speculum, formed by the tips of the cau- 
dal-most row of greater secondary coverts. 
This character has four states (not contrastingly 
colored, black, white, and buff or rufous) and 
also may have been miscoded because the 
brown-plumaged teals are supposed to share 
the buff or rufous state, but this state appears 
to be shared by only the New Zealand teals 
(Marchant and Higgins 1990). The Chestnut 
Teal shares the white state with the Grey Teal 
(Marchant and Higgins 1990). The last of the 
characters (82) is the presence or absence of a 
subrectangular whitish patch surrounded by 
dark areas on the flanks of males in alternate 

plumage. This character is related to dichro- 
matism and either may be convergent or needs 
to be reassessed in terms of the possible sub- 
sequent loss of dichromatism in Grey Teal (see 
Omland 1997). 

Other morphological characters that are not 
related to male breeding plumage are more 
consistent with the Grey Teal and Chestnut 
Teal being sister taxa. Both species have red 
eyes, whereas New Zealand teals have brown 
eyes with a white eye ring (character 104 of 
Livezey 1991; Daugherty et al. 1999). Similarly, 
head shape and underwing patterns are very 
similar in the Grey Teal and Chestnut Teal and 
distinguish them from New Zealand teals 
(Marchant and Higgins 1990). 

Phylogenetic and biogeographic implications.- 
We could not resolve the pattern of divergence 
within the New Zealand teals with confidence. 

Because of prevailing winds and the relative 
position and sizes of the different islands (Fig. 
1), it is implausible that the teals colonized 
mainland New Zealand from Australia via the 
subantarctic islands. If we assume that the teals 

are monophyletic and that mainland New Zea- 
land was colonized from Australia, our phylog- 
eny suggests that teal from the mainland first 
reached the Auckland Islands and then shortly 
afterward via a second colonization reached 

the Campbell Islands (thus, the Brown Teal and 
Campbell Island teal are sister taxa). The level 
of bootstrap support for this grouping is high 
(91%), but this reflects a lack of conflicting sig- 
nal in our data for either of the other possible 
bifurcating patterns within these three taxa. We 
could not reject the alternative hypotheses that 
either the Campbell Island and Auckland Is- 
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land teals or the Brown and Auckland Island 

teals are sister taxa. 

The analyses of Johnson and Sorenson (1998) 
and Young et al. (1997) place the Campbell Is- 
land and Auckland Island teals as sister taxa, 

thus supporting the traditional colonization 
hypothesis. The combined data set grouped the 
Auckland Island and Campbell Island teals as 
sister taxa (Fig. 5), but the amount of change 
along the internal branch of the tree was insuf- 
ficient to allow us to reject either of the alter- 
native topologies. 

Three possible biogeographic scenarios are 
apparent for the colonization of the subantarc- 
tic islands by teal. First, our sequence data sug- 
gests two colonizations, with flighted main- 
land teal first colonizing the Auckland Islands 
and then later colonizing the Campbell Islands 
(Turbott 1968). Second, the combined data set 
favors the traditional hypothesis of a mainland 
taxon colonizing the Auckland Islands, which 
in turn colonized the Campbell Islands before 
becoming flightless in both the Auckland Is- 
lands and Campbell Islands (Dumbell 1986). 
Third, the allozyme data of Daugherty et al. 
(1999) provide a low level of support for an af- 
finity between the Brown Teal and Auckland Is- 
land Teal which suggests two colonizations of 
the subantarctic islands, the first reaching the 
Campbell Islands and the second the Auckland 
Islands (Turbott 1968). We cannot distinguish 
between these three options with our sequence 
data or with the combined sequence data. The 
short internal branches grouping the Brown 
and Campbell Island teals (i.e. with the decay 
index of 2; Fig. 3) and the Auckland Island and 
Campbell Island teals (i.e. with the decay index 
of 2; Fig. 5) suggest that however the teals 
reached the subantarctic islands, the coloniza- 
tion events were separated by only a short pe- 
riod of time (i.e. hundreds or thousands vs. 
hundreds of thousands of years). An additional 
hypothesis, that the three New Zealand teals 
represent separate colonizations by Chestnut 
Teal (Williams et al. 1991), can be rejected be- 
cause it receives no support from the phylo- 
genetic relationships of the taxa (i.e. the Chest- 
nut Teal is not a sister taxon to any of the New 
Zealand teals). 

With the substantial combined data set we 

were unable to resolve relationships among the 
New Zealand teals with certainty. Thus, the re- 
lationship appears to be close to a trichotomy 

(i.e. a single event colonizing both subantarctic 
island groups) and may prove very difficult to 
resolve with confidence. Future lines of evi- 

dence that may help infer relationships among 
New Zealand teals include additional sequence 
data and comparisons with other similarly dis- 
tributed taxa. If these comparisons showed a 
consistent pattern of colonization, support for 
a particular hypothesis may be inferred. Para- 
sites would be an additional source of infor- 

mation if they have cospeciated with teals (e.g. 
Paterson et al. 1993, Page et al. 1998). For ex- 
ample, lice have been shown to have an in- 
creased rate of mtDNA evolution compared 
with their hosts (Page et al. 1998), so it may be 
possible to confidently resolve the parasite 
phylogeny and thus infer teal phylogeny. 

Irrespective of the pattern of colonization, 
flightlessness probably evolved separately in 
the subantarctic teals (contra Livezey 1990). Be- 
cause many of the changes in morphology of 
these species probably are related to loss of 
flight (Livezey 1990), morphological similarity 
of the Campbell Island Teal and the Auckland 
Island Teal is to be expected and thus might be 
the result of convergence. 

Taxonomic status.--Our sequence data show 
that the three New Zealand teals are more ge- 
netically divergent from one another (0.63 to 
0.70%) than the Grey Teal and Chestnut Teal 
are from each other (0.29%), a result that agrees 
with allozyme data (Daugherty et al. 1999). For 
the combined data set (i.e. including Johnson 
and Sorenson 1998), we found that the level of 
divergence between the Grey and Chestnut 
teals was 0.09%, whereas divergences between 
the New Zealand teals varied from 0.77 to 

0.92% (Table 1). 
Levels of divergence in the sequence data (al- 

beit low; Table 1) suggest that the Brown Teal, 
Auckland Island Teal, and Campbell Island 
Teal should be accorded the same taxonomic 

status as the Grey Teal and Chestnut Teal. In 
addition to the divergence data, several other 
lines of evidence support the species status of 
these taxa. Diagnostic allozyme characters al- 
low these taxa to be separated under the phy- 
logenetic species concept (see Daugherty et al. 
1999). Some behavioral characters differ be- 
tween the mainland and subantarctic teals (e.g. 
territoriality, voice, precopulatory behavior; 
Marchant and Higgins 1990), and substantial 
morphological differences occur between the 
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taxa (Livezey 1990, Marchant and Higgins 
1990). Only superficial plumage similarities ar- 
gue against the species status of the New Zea- 
land teals. 

Conservation implications.--Along with sev- 
eral recent workers (e.g. Daugherty et al. 1999) 
we suggest that the Brown Teal, Auckland Is- 
land Teal and Campbell Island Teal be accord- 
ed specific status, which warrants separate con- 
servation strategies. We cannot comment on the 
taxonomic status of the remnant South Island 

Brown Teal because our sequence data do not 
allow us to determine the level of divergence 
between it and North Island Brown Teal. Ap- 
parent morphological differences (J. Fraser and 
I. Southey pers. comm.) between the North Is- 
land Brown Teal and South Island Brown Teal 

suggest some divergence, and it is clear that the 
South Island Brown Teal warrants further in- 

vestigation. As we have argued above, tradi- 
tional taxonomy has subsumed important ge- 
netic and morphological differences in the New 
Zealand teals (as it has in the tuatara [Sphen- 
odon]; Daugherty et al. 1990), and it is possible 
that morphological differences in the South Is- 
land Brown Teal are correlated with important 
genetic differences. 
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