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PHYLOGENETIC PATTERNS IN THE TROCHILIDAE 
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ABSTRACT.--Although many aspects of hummingbird biology have been studied, few re- 
cent analyses of higher-level systematic relationships exist. Based on morphology, it has been 
hypothesized that the Trochilidae includes six major clades. We used starch-gel electropho- 
resis to construct and test phylogenetic hypotheses for representatives of the six clades, us- 
ing two species of swifts (Apodidae) as outgroups. Of 45 loci scored, 38 were polymorphic. 
The average Nei's genetic distance (D) among 14 hummingbird taxa was 0.625; D averaged 
1.61 between the swifts and hummingbirds. These distances are large, and are consistent 
with other nonpasserine groups, suggesting that hummingbird taxa are relatively old. Phy- 
logenetic analyses generally were consistent with the hypothesis that hermits are a sister 
group to all other trochilines. Within the Trochilinae, two broad groups are recognized, here 
called trochiline-A and B, which correspond to the morphologically determined "primitive" 
and "advanced" trochiline groups of Zusi and Bentz (1982). Androdon aequatorialis is genet- 
ically distinct but generally aligns with the trochiline-A group. Within the trochiline-B 
group, four radiations hypothesized by Zusi (pers. comm.), here called Bee, Amazilia ("Em- 
eralds"), Andean, and High Andean, were corroborated by our analyses. Our distance anal- 
ysis suggests a phylogenetic pattern consistent with that derived from Sibley and Ahlquists' 
(1990) and Bleiweiss et al.'s (1997) DNA-DNA hybridization studies. Received 31 October 1996, 
accepted 20 June 1997. 

THE HUMMINGBIRDS (TROCHILIDAE) form one 
of the largest bird families, with approximately 
325 species. Although many aspects of hum- 
mingbird biology have been studied, few high- 
er-level studies of systematic relationships ex- 
ist. Early taxonomists (Gould 1861, Boucard 
1895, Simon 1921, Peters 1945, Zimmer 1950- 
1953) provided species descriptions and gen- 
eral details of geographic variation in most spe- 
cies, but they did not explicitly identify system- 
atic relationships. Recently, several approaches 
have been used to identify phylogenetic pat- 
terns within parts of this family: comparative 
analysis of vocalizations and mating behavior 
(Schuchmann unpubl. data), external morphol- 
ogy and ecology (Graves 1980, 1986; Stiles 
1983, 1996; Hinklemann 1989), comparative 
myology (Zusi and Bentz 1982), protein elec- 
trophoresis (Gerwin and Zink 1989, Gill and 
Gerwin 1989 ), mitochondrial DNA sequences 
(Hernandez-Banos et al. unpubl. data), and 
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DNA-DNA hybridization (Sibley and Ahlquist 
1990; Bleiweiss et al. 1994, 1997). Most of these 
studies were not comprehensive at the level of 
the family. However, the study by Bleiweiss et 
al. (1997), which involved 26 species, provided 
a molecular phylogenetic hypothesis for the 
major clades in the family. We report an allo- 
zymic survey of major groups of humming- 
birds designed to test phylogenetic hypotheses 
derived from previous morphological and 
DNA-DNA hybridization analyses. 

Our study was based in part on Zusi and 
Bentz's (1982) hypothesis of higher-level 
groups in the Trochilidae. They identified four 
major groupings: hermits (Phaethorninae), 
"primitive" trochilines, and two groups of "ad- 
vanced" trochilines. The terms primitive and 
advanced are reserved for discussion of char- 

acters and are misleading without an in-depth 
phylogenetic analysis; we refer to the two 
groups as trochiline-A (Zusi and Bentz's [1982] 
primitive group) and trochiline-B (their ad- 
vanced group). The widespread notion that the 
hermits represent the "primitive" humming- 
birds is incorrect in one sense: if these are sister 

clades, each is by definition the same age. Phy- 
logenetic analysis is required to show that the 
hermit clade retains a disproportionate number 
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of plesiomorphic characters relative to the sis- 
ter group of hummingbirds before it would be 
"primitive" in any sense. Also, within trochi- 
lines, if there are only two groups, neither can 
be primitive in a phylogenetic tree. From his 
work on comparative myology, using the swifts 
(Apodidae) as the outgroup, Zusi (pers. 
comm.) suggested as a working hypothesis: (1) 
that the trochiline-A group included Androdon, 
Schistes, Colibri, Doryfera, and close relatives; 
and (2) that four major clades exist within the 
trochiline-B group: Bee, High Andean, Andean, 
and Amazilia ("Emeralds"). By selecting at 
least two representatives of each major group 
to reflect hummingbird diversity, our phylo- 
genetic analysis of allozyme variation provides 
a higher-level phylogenetic hypothesis that can 
be compared with those generated from other 
data sets. 

Most modern molecular studies of phyloge- 
ny rely on DNA sequences (Hillis et al. 1996). 
However, phylogenetic hypotheses based on al- 
lozymes and mitochondrial DNA often are to- 
pologically consistent (Zink and Avise 1990, 
Zink and Dittmann 1991, Zink et al. 1991, Zink 
and Blackwell 1996). Thus, although there are 
reasons for preferring DNA data for phyloge- 
netic inferences (Hillis et al. 1996), allozyme- 
based phylogenetic inferences are valuable in 
studies of congruence of tree topologies in- 
ferred from different data sets (Swofford et al. 
1996). In our study, we compare tree topologies 
from allozymes and DNA-DNA hybridization 
(Bleiweiss et al. 1997). Although both are based 
on information from the nuclear genome, each 
is likely an independent estimate of phyloge- 
netic relationships. Hence, congruence of tree 
topologies can be used as a measure of confi- 
dence in the phylogenetic hypothesis. 

MATERIALS AND METHODS 

We used standard horizontal starch-gel electro- 
phoresis to investigate patterns of genetic variation 
among 14 taxa (Zusi pers. comm.): Glaucis and Phae- 
thornis represent the hermit, or phaethornine line; 
Androdon, Colibri, Schistes, and Doryfera the trochi- 
line-A group; Acestrura and Selasphorus the "Bee" 
line; Amazilia and Campylopterus the "Amazilia" 
(Emerald) group; Aglaeactis and Coeligena the "An- 
dean" clade; and Metallura, and Oreotrochilus the 
"high Andean" clade. Bleiweiss et al. (1997) renamed 
these clades Mangoes (Trochiline-A), Emeralds 
(Amazilia group), Brilliants (Andean), and Co- 
quettes (high Andean); both Zusi and Bleiweiss et al. 

(1997) refer to the Bee group and the hermits. Blei- 
weiss et al. (1997) further referred to a Mountain 
Gem group, of which we had no representatives. For 
simplicity, we use Zusi's names, except for using Em- 
erald in place Amazilia, because confusion results 
from naming a group after one of the genera in it. We 
included two species of swifts (Apodidae; Reinarda 
squamata, Chaetura cinereiventris) that served as out- 
groups (see Appendix 1). Although inferences based 
on low numbers of specimens have been criticized 
(Archie et al. 1989), in our study genetic distances 
were sufficiently high that our patterns likely are ro- 
bust to small sample sizes of individuals. Most spec- 
imens were collected over several years during ex- 
peditions to various regions of the Neotropics. Sam- 
ples of tissues were preserved in liquid nitrogen in 
the field until transferred to the Louisiana State Uni- 

versity Museum of Natural Sciences (LSUMNS), 
where they were stored at -70øC (see Johnson et al. 
[1984] for details of collection and preservation 
methods). Voucher specimens (study skins and tis- 
sue samples) are housed at the LSUMNS. 

Samples of pectoral and heart muscle and liver (to- 
tal volume of tissue was approximately 0.5 cc) were 
placed in 0.8 mL of grinding buffer consisting of 10 
rng NADP and 100 }xL of 2-mercaptoethanol in 100 
mL distilled water (Richardson et al. 1986) and 
ground for 10 to 15 s using a Tekmar Tissuemizer. 
These crude homogenates were then centrifuged at 
36,000 x g for 30 min, and the supernatant was 
stored at -70øC. Six aliquots of 20 }xL of each sample 
were stored separately and used for the first six gels, 
and the rest of the homogenate was stored in indi- 
vidual vials. Electrophoretic procedures followed 
Selander et al. (1971), Harris and Hopkinson (1976), 
Johnson et al. (1984) and Richardson et al. (1986) 
with slight modifications (available from author). 
Various gel-buffer combinations were used to opti- 
mize the resolution of banding patterns (Appendix 
2). 

Forty-five presumptive genetic loci were scored 
(Table 1), with alleles coded in reference to their mo- 
bility from the origin. The most cathodal alleles were 
coded "a,"with subsequently faster alleles coded as 
"b," "c," and so on. Multiple isozymes at a locus 
were also coded by mobility. The most anodally ap- 
pearing isozymes were coded as "1," with the more 
cathodal isozymes coded as "2," "3," and so on. Ac- 
ronyms for loci follow Harris and Hopkinson (1976). 
We entered individual genotypes into the computer 
program BIOSYS-1 (Swofford and Selander 1981), 
which produced a table of allelic frequencies, Nei's 
(1972, 1978) and Rogers' (1972) genetic distances, 
Cavalli-Sforza and Edwards' (1967) chord distance, 
and four UPGMA phenograms (Sheath and Sokal 
1973) derived using these four distance measures. 
Because there is no consensus on tree-building meth- 
ods, we used both distance and discrete-locus ap- 
proaches and compared results. Distance-Wagner 
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TABLE 1. Allelic frequencies for variable loci. Numbers in parentheses are frequencies of alleles not fixed 
for that locus. Allelic designations by letter indicate fixation at that locus. 

Taxon a 

Locus 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

AB-5 B B B B B B B C B B B B B B A A 
ACON-2 B A B B A B A A A A A A A A A C 
ACP-2 A A A A A A A A A A A A A A A B 
ADA D E C D D B C B B B C D C C C A 

AK-1 F E D D(.50) D C D D D D D D D A B B 
E(.50) 

AK-2 B A A A A A A A A A A A A A A A 
ALD-2 A A D D D D D D C D E E F D B B 
CK-1 B B F E D E E E E E E E E E A C 
CK-2 A A A A A A A C A A A A A A D B 
EAP C C D D D D D D D D D D D D B A 
ENOL C C D C B B C C C C C C C A D D 

EST-D F D F B(.50) G E C C E E E E F E A E 
E(.50) 

FUM B B B C B C B B C B B C C B A D 
GDA F F B A C D C C C C C C C C H G 
GLUD B B B B B B B B B B B B B B C A 
A-GPD C E E B D D D D D B D D C C A B 
G6-PDH D D F B D D D D D D D D A D E C 
GOT-1 B B B B B B B B B B B B B B A A 

GPI E B D(.50) D D D A A A A D D C C H G 
F(.50) 

GR C C B C C C D C C C A C C C C C 

IDH-1 B B A B B B E E C(.50) E E E E E C C 
F(.50) 

IDH-2 C B C B B B B B B B B B B B A A 

LA H F H J(.50) J K B C A A D D G G E I 
K(.50) 

LDH-1 A B A A A A A A A A A A A A A A 
LDH-2 B B B B A B B B B B B B B B C C 

LGG L(.75) K H F(.25) H I A A D E C C G(.75) B F F 
M(.25) H(.75) J(.25) 

MDH-1 B B B B B B B B B B B B B B A B 
MDH-2 B E D D B E B B B B B B E B A A 

ME-1 E D F G(.75) H G J J G G G G I I A(.50) B 
H(.25) C(.50) 
B B B B B B B B B B 

F F F F F F F H D A 
ME-2 B A B B B B 

MPI G(.75) C B E E H 
•(.25) 

NP F B H A C D K K N(.25) E(.25) O L M O J J 
P(.75) G(.50) 

I(.25) 
6-PGD I H D D(.25) D B D D B(.50) B(.25) D D E A C B 

F(.25) 
G(.50) 

PGM-2 D F D D D F E E B E C E E E D A 

Phe-Pro B B E E A E F F H(.50) E D C F F G G 
I(.50) 

PK-1 B B B B A A B B B B B B B B B B 
PK-2 A A A A A A A A A A A A A A B B 

SORDH C(.25) C D D A D F F F F E E B E E E 
G(.75) 

D(.50) D(.50) 

al, Glaucis hirsuta; 2, Phaethornis philippii; 3, Androdon aequatorialis; 4, Colibri coruscans; 5, Schistes geoffroyi; 6, Doryfera johannae; 7, Acestrura 
mulsant; 8, Selasphorus sasis; 9, Amazilia viridicauda; 10, Campylopterus largipennis; 11, Aglaeactis castelnaudii; 12, Coeligena violifer; 13, Metallura 
tyrianthina; 14, Oreotrochilus estella; 15, Reinarda squamata; 16, Chaetura cinereiventris. 



108 GERWIN AND ZINK [Auk, Vol. 115 

trees (Farris 1972, 1981; Swofford 1981) were pro- 
duced using Rogers' (1972) distance measure. Dis- 
tance-Wagner trees were generated by specifying the 
Multiple Addition Criterion and allowing for 30 par- 
tial networks to be used during each successive step. 
Both Prager and Wilson's "F" value (1976) and the 
Fitch and Margoliash (1967) percent standard devi- 
ation (% SD) were used to determine which partial 
networks to save. Distance-Wagner trees were rooted 
by designating the two swift taxa as outgroups. To 
complement the distance-Wagner trees, we used 
PHYLIP to perform a Fitch-Margoliash (1967; F-M) 
distance analysis according to the following param- 
eters: global search option, no negative branch 
lengths, and 10 random addition sequences. Both 
distance-Wagner and F-M analyses permit variable 
evolutionary rates whereas UPGMA assumes rate 
constancy. We are aware of the criticisms of distance 
approaches (Farris 1981, 1985, 1986; Nei et al. 1983; 
Felsenstein 1986); however, in our experience there is 
often little difference between distance and discrete- 

character (locus) approaches. 
We conducted a cladistic analysis using loci as 

characters and alleles as unordered character states 

(Baverstock et al. 1979; Patton and Avise 1983; Buth 
1984). For polymorphisms, the most frequent allele 
was considered the state, an approach that ignores 
frequency information; if there were two alleles at 
0.50 frequency at a locus, we assigned the state that 
matched other taxa, if at all (other methods of coding 
did not alter conclusions). These data were analyzed 
with the computer program PAUP 3.1.1 (Swofford 
1993), using heuristic searches with 50 random ad- 
dition replicates. Multiple equally parsimonious 
trees were summarized as strict consensus trees. A 

bootstrap analysis (Felsenstein 1985) was performed 
using heuristic searches and 100 replications. The 
computer program MacClade (Maddison and Mad- 
dison 1992) was used to evaluate alternative tree to- 
pologies derived from the literature. 

RESULTS 

Genetic variation.--Of the 45 loci scored, 38 
exhibited some polymorphism (at least two al- 
leles found across all taxa; Table 1). Seven loci 
were monomorphic and fixed for the same al- 
lele in all taxa (Gapdh, Got-2, HK, Lap, Odh-1, 
SOD-I,2). Of the 38 polymorphic loci, five were 
nearly monomorphic and exhibited only two 
alleles: AcP-2, AK-2, Ldh-1, Mdh-1, ME-2. 
Three loci (Glud, Got-1, PK-2) were monomor- 
phic and fixed in the Trochilidae for an allele 
that differed from the outgroup (Apodidae). 

Genetic distances.--Nei's (1978) genetic dis- 
tance averaged 0.625 + SD of 0.215 (Table 2) 
among the 14 hummingbird taxa. Values range 
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Glaucis hirsuta 

Phaethomis philipipi 

Androdon aequatodalis 

Colibri coru$cans 

Schistes geoffroyi 

Doryfera johannae 

-- Acestrura mulsant 

-- Selasphorus sasin 

Amazilia viridicauda 

Campylopterus largipennis 

Aglaeactis castelnaudii 

Coeligena violifer 

Metallura tyrianthina 

Oreotrochilus estella 

Reinarda squamata 

Chaetura cinereiventris 

0.00 0.10 0.20 0.30 0.40 

ROGERS' GENETIC DISTANCE 

Fic. 1. Distance-Wagner tree rooted by the outgroup method (Farris 1972). Units are in Rogers' (1972) D. 
The % SD equals 13.635 (unoptirnized). 

from 0.137 (Selasphorus sasin vs. Acestrura mul- 
sant) to 1.086 (Phaethornis philippii vs. Androdon 
aequatorialis). The average genetic distance be- 
tween the families (two species in the Apodi- 
dae, 14 in the Trochilidae) was 1.61 + 0.180 (n 
= 28). Interfamilial values range from 1.348 
(Oreotrochilus estella vs. Reinarda squamata) to 
2.054 (Phaethornis philippii vs. Chaetura cinereiv- 
entris). Each swift species shows a similar 
range of values to the hummingbirds (1.4 to 
2.0, C. cinereiventris; 1.4 to 1.9, R. squamata). The 
genetic distance between the two swifts was 
0.655. 

Distance analyses.--Because most distance 
analyses use metric measures (Farris 1972, 
Sneath and Sokal 1973; but see Nei 1987), we 
used Rogers' (1972) distances. UPGMA phen- 
ograms (not shown) generated with various 
distance measures (Cavalli-Sforza and Ed- 
wards 1967; Nei 1972, 1978; Rogers 1972) yield- 
ed the same topology and differed only in 
branch lengths. These phenograms exhibited a 
nearly identical topology to the "best" dis- 
tance-Wagner tree (Fig. 1), as judged by the 
minimum value of %SD (60 trees) or Prager and 
Wilson's "F" (15 trees). Low values of each of 
these goodness-of-fit measures indicate that the 
dendrogram faithfully portrays the distances 
in the original matrix. We emphasize the dis- 
tance-Wagner trees because of the potential 

bias caused by using a phenogram when rates 
vary (Felsenstein 1986). 

The hermits (Glaucis, Phaethornis) were most 
similar to the trochilines. The placement of An- 
drodon differed between the UPGMA pheno- 
gram (not shown) and distance-Wagner tree. In 
the UPGMA phenogram it is a sister group to 
the trochilines, whereas in the distance-Wagner 
analysis it is placed basally within the trochi- 
line-A assemblage, although it was relatively 
divergent. The F-M tree (not shown) differs 
from the distance-Wagner tree only in suggest- 
ing that Androdon was sister to all other hum- 
mingbirds, and in that the remainder of the tro- 
chiline-A group was paraphyletic, but placed 
between the hermits and the rest of the trochi- 

lines (as in the distance-Wagner topology). 
Thus, the F-M tree suggests more than two ma- 
jor lineages of hummingbirds. The trochiline- 
A assemblage also includes Colibri and Schistes 
as sister taxa, with Doryfera a distant member; 
however, in the F-M tree, Doryfera and Schistes 
were sister taxa. The distance analyses are in- 
conclusive concerning the monophyly and re- 
lationships of the trochiline-A group. 

The other major branch leads to four pairs of 
taxa comprising the trochiline-B group, three of 
which are characterized by long branch 
lengths. The length of these branches, however, 
could be a function of the low number of taxa 
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d/ Reinarda squamata 
/ • Chaetura cinereiventris 

,G/ashiua 
/ •'• Phaethornis philippii 

/ • •Androdon aequatorialis 
/ / 

• / • Oraotmch#us ostolla 

• A•stmra mulsant 
• • Se•asphorus •sin 

• Am•ilia viridi•uda 
• Campyloptorus largiponnis 

FIC. 2. Strict consensus of 40 equally parsimoni- 
ous trees. 

used per clade. The two members of each of 
Zusi's (pers. comm.) four clades grouped to- 
gether, and topologies did not differ between F- 
M and distance-Wagner trees. The high An- 
dean taxa (Metallura, Oreotrochilus) were basal 
followed by the Andean group (Aglazactis, Coe- 
ligena) and the remaining two lines, the Emer- 
alds (Amazilia, Campylopterus) and Bee (Acestru- 
ra, Selasphorus) groups, the latter two of which 
are sister-groups. All distance approaches pro- 
duced congruent topologies for the trochiline- 
B group. 

Parsimony analysis.--Various alleles (Table 1) 
support phylogenetic groupings: Hermits 
(ALD-2, CK-1, EAP, Phe-Pro, SORDH), trochi- 
lines (EAP), Emeralds (LA), Bee (EST-D, LGG, 
ME-1, NP), Andean (ALD-2, LA, LGG, MPI), 
and High Andean (GPI, LA, ME-1, MPI). We 
found 40 equally parsimonious trees (length 
178, CI = 0.87, RI = 0.71). Using PAUP, we 
found that the shortest of 1,000 random trees 
was 204, and the negative g•-statistic (-0.88) is 
significant, suggesting signal in the data set 
(Hillis 1991, Kallersjo et al. 1992). The strict 
consensus tree (Fig. 2) indicates that: Androdon 
is a sister taxon to the hermits and these plus 
the trochiline-A group are a sister clade to the 
trochiline-B group. No clear pattern of sister- 
group relationships exists within the trochi- 
line-A group. Within the trochiline-B group, 
the Bee, Andean, and High Andean groups 
each are monophyletic, whereas the two rep- 

resentatives of the Emerald group form a clade 
in only 90% of the 40 trees; there is no strong 
cladistic support for sister-group relationships 
in the trochiline-B group, although the Bee and 
Emerald groups are a clade in 90% of the 40 
trees. Bootstrap analysis (not shown) supports 
(at ->70%) the same groupings in the trochiline- 
A group, and Androdon plus hermits, but no 
other major groupings. 

Overly distant outgroups can bias tree to- 
pology and interpretation by altering the in- 
group topology or by placing the root random- 
ly along the longest branch within the ingroup 
(Smith 1994). Because of the relatively great 
distance from the outgroups to the humming- 
birds, we excluded the swifts and recomputed 
maximum parsimony trees. We found 102 
equally parsimonious trees (length 127, CI = 
0.84, R! = 0.68), the strict consensus of which 
supports the two trochiline groups, but places 
Androdon sister to them. However, this topolo- 
gy would result from excluding the swifts from 
Fig. 2 and rerooting at one of the hermits. In- 
clusion of the swifts (Fig. 2) therefore did not 
alter the phylogenetic patterns within the hum- 
mingbirds, but the placement of the root could 
be problematic owing to the high level of swift- 
hummingbird divergence. Thus, cladistic anal- 
yses do not support a hermit-Trochiline di- 
chotomy. 

DISCUSSION 

Levels of genetic divergence.--Protein electro- 
phoresis found widespread application in avi- 
an systematics, although it was applied infre- 
quently at higher taxonomic levels (Dittmann et 
al. 1989). The major emphasis was on conge- 
neric passerines, and in particular Nearcftc 
passerines (Zink 1991). These studies found 
that birds were less differentiated at compara- 
ble taxonomic levels than many other verte- 
brates (Avise 1994). However, non-passerine 
groups and tropical passerines showed greater 
levels of divergence (Guti&rrez et al. 1983; John- 
son and Zink 1983; Lanyon and Zink 1987; Ger- 
win and Zink 1989; Gill and Gerwin 1989; 
Hackett and Rosenberg 1990; Christidis et al. 
1991; Randi et al. 1991, 1992; Hackett 1995; 

Brumfield and Capparella 1996). Levels of al- 
lozymic differentiation in hummingbirds were 
high, 0.625 (- 0.215) within families and 1.61 
(_+ 0.180) between families, consistent with 
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other nonpasserines (e.g. Randi et al. 1991, 
1992). 

The absolute age of hummingbirds is un- 
known: "There is no fossil record of the Tro- 

chilidae other than of modern species from a 
few Quaternary cave deposits, mostly in the 
West Indies..." (Olson 1985). True swifts ap- 
pear in the fossil record in the early Miocene of 
France (Olson 1985). If the Trochilidae is the 
sister group of swifts (as found by Sibley and 
Ahlquist 1990), then hummingbirds are of at 
least this vintage. Based on DNA-DNA hybrid- 
ization studies, the split between the two 
groups is an ancient one, occurring approxi- 
mately 95 million years ago (Sibley et al. 1990). 
Applying a calibration of genetic distances sug- 
gested by Marten and Johnson (1986), namely 
one unit of Nei's (1978) 1D equals 20 million 
years (MY), the hummingbird-swift split was 
32 MY ago; whereas, if we use the calibration 
of Gutierrez et al. (1983), 1D = 26.3 MY, this 
split occurred 43 MY ago (range 36 to 55 MY 
ago). Conversely, if one assumes a split of 95 
million years for swifts and hummingbirds, the 
corresponding allozymic rate calibration for 
hummingbirds would be 1D = ca. 50 million 
years, one of the slowest suggested rates for 
vertebrates (Avise 1994). These rate calibra- 
tions obviously conflict, and additional data 
are needed to resolve them. We agree with Av- 
ise (1994) that rate calibrations must be inter- 
preted cautiously. 

INTRAFAMILIAL PHYLOGENETIC RELATIONSHIPS 

The lack of previous explicit hypotheses of 
higher-level relationships in hummingbirds 
might be due to the complex nature of mor- 
phological variation. Morphological patterns of 
variation, especially plumage patterns and col- 
oration, may be inadequate indicators of phy- 
logenetic relationships because of convergence 
or parallelism (homoplasy), sexual selection, or 
extreme anagenesis (Sibley and Ahlquist 1990), 
factors probably widespread in humming- 
birds. For example, approximately 60 monotyp- 
ic genera occur in the Trochilidae, a likely sig- 
nal of taxonomic uncertainty in general (Plat- 
nick 1977) and among hummingbirds in par- 
ticular (Gill and Gerwin 1989), owing to a lack 
of synapomorphies at higher levels. Our work 
permits evaluation of previous hypotheses of 
hummingbird relationships based on morpho- 

logical variation, as well as the recent DNA- 
DNA hybridization study by Bleiweiss et al. 
(1997). Because our distance and cladistic anal- 
yses differ, below we point out discrepancies. 

Phaethorninae.--Distance analyses (Fig. 1) 
suggest that the hermits (Glaucis and Phaethor- 
his) are a sister group to other hummingbirds, 
which is consistent with other evidence (Gould 
1861; Zusi and Bentz 1982; Sibley and Ahlquist 
1990; Bleiweiss et al. 1994, 1997; Hernandez-Ba- 
nos et al. unpubl. data). Surprisingly, cladistic 
analyses (Fig. 2) did not support the long- 
standing division into hermits and trochilines. 
Although our use of the swifts apparently did 
not bias ingroup relationships, a traditional to- 
pology (Fig. 3) required 180 steps, only two 
steps longer than the most parsimonious trees 
(178). Lack of a clear signal for the basal rela- 
tionships likely contributes to the different 
placement of the hermits in the cladistic anal- 
ysis in which relatively few characters support 
major groupings (Fig. 3). Based on a 433-bp 
segment of mitochondrial cytochrome-b, Her- 
nandez-Banos et al. (unpubl. data) found that 
the two subfamilies of hummingbirds were 
only slightly more distant than some of the tro- 
chilines were from each other. Nonetheless, we 

conclude that the weight of evidence favors a 
hermit-trochiline dichotomy. 

Trochiline group A: Problems of classifying mor- 
phologically complex taxa.--An example of com- 
plex morphological patterns obscuring phylo- 
genetic affinities involves the placement of An- 
drodon and Doryfera. Androdon and Doryfera are 
usually placed at the beginning of the hum- 
mingbird section of checklists (Peters 1945, 
Meyer de Schauensee 1966, Morony et al. 1975), 
which might simply represent uncertainty 
about their relationships. Our results and those 
of others (Zusi and Bentz 1982; Sibley and 
Ahlquist 1990, Bleiweiss et al. 1994, 1997; 
Schuchmann pers. comm.) indicate that Andro- 
don and Doryfera do not belong in the hermit 
group. Proteins of Androdon and Doryfera were 
analyzed electrophoretically along with several 
Phaethornis species, both species of Eutoxeres 
and Threnetes, and Glaucis hirsuta, and were 
found to be distinct from phaethornine taxa 
(Gill and Gerwin 1989). 

We suspect that the placement of Androdon 
near hermits in traditional checklists is the re- 

suit of several factors. It is morphologically 
similar to the hermits in two ways. Androdon 
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FIG. 3. Topology suggested by Sibley and Ahlquist (1990) and distance-Wagner approach (Fig. 1). Numbers 
indicate unambiguous synapomorphies along branches. Note the relatively weak support for major clades. 

has a long (45 mm) and straight or slightly up- 
turned bill similar to some species in the genus 
Phaethornis. On its underparts (throat, breast 
and abdomen), Androdon shows a pattern of 
dull gray-white with dark brown/black 
streaks, similar to the hermit genus Eutoxeres. 
Conversely, Androdon is similar to many tro- 
chilines in dorsal color (green), tail shape 
(rounded) and pattern (broad white tips), al- 
though all three characters are shown by some 
Phaethorninae. The bills of Androdon and Rarn- 

phodon are unique among trochilids in possess- 
ing small, comb-like serrations along both tom- 
ia, and in being hooked (Ornelas 1994). A num- 
ber of other species have minute bill serrations, 
involving either the maxilla or tomia, and some 
additionally have a hook at the end of the bill; 
however, no other species share the Androdon- 
Ramphodon pattern. In addition to serrate tom- 
ia, Androdon and Rarnphodon share a similar pat- 
tern of streaking underneath. Thus, morpho- 
logically Androdon shares traits with different 
groups of hummingbirds, and its placement 
depends on which set of traits is emphasized. 

Ornelas (1994) hypothesized that bill serra- 
tions aid in nectar robbing. Unfortunately, our 

sampling of taxa is insufficient to determine 
precisely the coevolutionary relationship be- 
tween this behavior and bill serrations, but our 
tree agrees with Ornelas (1994:708) in suggest- 
ing that "the complex of features of the bill for 
nectar robbery has evolved more than once in 
birds with such morphology." Thus, bill ser- 
rations in taxa such as Androdon might indeed 
be homoplasious and unlikely to provide a re- 
liable phylogenetic signal. 

In the distance analyses, Androdon was 
placed in one of four positions: (1) entirely out- 
side the other trochilids; (2) as a sister taxon to 
the hermits; (3) as a separate lineage between 
the hermits and trochiline-A group; and (4) as 
a sister group to the other trochiline-A mem- 
bers (as in Fig. 1). Maximum parsimony (Fig. 2) 
consistently places Androdon as a sister taxon to 
the hermits. Because Zusi and Bentz (1982), 
Sibley and Ahlquist (1990), Bleiweiss et al. 
(1994, 1997) and our distance-Wagner tree (Fig. 
1) suggest that Androdon is a basal member of 
the trochiline-A group, we favor this placement 
pending an analysis that includes more taxa. 

Androdon and Doryfera appear to share char- 
acteristics with several hummingbird groups, 
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which has no doubt contributed to taxonomic 

uncertainty. The placement of Doryfera near 
Androdon in most checklists is presumably be- 
cause it resembles Androdon in bill morphology 
(long (25-35 ram) and straight or slightly up- 
turned). Doryfera, however, lacks serrations on 
the bill (Ornelas 1994) and possesses a uniform 
green to dark overall plumage with a glittering 
frontlet (green or violet); neither characteristic 
resembles Androdon nor Phaethornis. The posi- 
tion of Doryfera varies in our distance trees, al- 
though it is clearly associated with other taxa 
in the trochiline-A group. It is placed between 
Androdon and Schistes/Colibri within the tro- 
chiline-A assemblage (Fig. 1). However, in the 
F-M tree Doryfera groups with Colibri and in our 
cladistic analyses it groups with Schistes. Zusi 
and Bentz (1982) and Sibley and Ahlquist 
(1990) placed Doryfera and Colibri within the 
trochiline-A assemblage. Our data agree in 
suggesting that four of the taxa we studied (An- 
drodon, Doryfera, Colibri, and Schistes) are part 
of this group, but discrepancies between dis- 
tance and cladistic analyses do not suggest a 
clear phylogenetic pattern (Figs. 1, 2). Bleiweiss 
et al. (1997) found that Eulampis holosericeus and 
Heliothryx barroti grouped with Doryfera, Colibri 
and Androdon. Other taxa are considered part 
of this group (Zusi and Bentz 1982), and fur- 
ther analyses are required to assure monophy- 
ly of the group. 

Trochiline group B.--Zusi and Bentz (1982) 
studied hummingbird and swift musculature, 
particularly the tensor patagii brevis (TPB) mus- 
cle, including the same genera and most of the 
same species included in this study. They 
found two muscle types among the trochiline- 
B clade, and members of the Bee group (Selas- 
phorus, Acestrura) have one or the other; unfor- 
tunately no phylogenetic conclusion can be 
drawn concerning the monophyly of the Bee 
group nor the relationships of the four groups. 
Our data support the four groups suggested by 
Zusi (pers. comm.), although support for the 
Emerald clade was relatively weak (< 50% 
bootstrap support). Hernandez-Banos et al. 
(unpubl. data) suggested that Amazilia likely 
was not monophyletic, although the two Bee 
hummingbirds formed a clade. Thus, addition- 
al sampling is needed to assure monophyly of 
the four groups, especially the Emeralds. 

Congruence of allozymes and DNA-DNA hybrid- 
ization.--Sibley and Ahlquist (1990:846) sug- 

gest the following ordering of taxa belonging to 
the family Trochilidae (they did not include a 
putative Bee representative): (Phaethorninae, 
(trochilinae-A plus Androdon), (High Andean, 
(Andean, Emerald)))). With the exception of the 
missing Bee group, this topology exactly 
matches our distance analysis (Fig. 1), and re- 
quires only four more steps in our cladistic 
analysis; our distance analysis unites the Bee 
and Emerald groups as sister clades. Placing 
the Bee group basal within the trochiline-B 
group results in a total tree length of 182, and 
moving it to the trochiline-A group (suggested 
as a possibility by R. Zusi) results in a tree 
length of 184. The study of Bleiweiss et al. 
(1997), which unlike the Sibley / Ahlquist study 
included a complete, reciprocal matrix of hy- 
bridization distances, yields a topology (their 
figure 2) that also matches that of our distance- 
Wagner tree (Fig. 1). However, Bleiweiss et al. 
(1997) favored their figure 3, which depicts the 
Andean clade (Brilliants) as basal in the Tro- 
chiline-B assemblage. The distinction between 
trees in figures 2 and 3 of Bleiweiss et al. (1997) 
involved very short internodes, and their rea- 
sons for favoring their figure 3 involved as- 
sumptions used in the analysis of DNA-DNA 
hybridization data. Although they concluded 
that additional study would likely favor the 
Andean (Brilliant) clade as basal, our data sug- 
gest that the high Andean clade is basal. 

Of the 25 genera and 26 species used by Blei- 
weiss et al. (1997), eight genera and only three 
species were common between our studies. 
Thus, different groups of species were used to 
represent the major lineages. Although differ- 
ent numbers of species were used in each study, 
it is exceedingly unlikely that our topologies 
would match by chance. An obvious reason for 
the match is that both trees recover phylogeny; 
in theory, another reason might be that each 
analysis is biased by homoplasy in the same 
way. Although we found conflicting support 
for the relationships in Figure 1 in our alter- 
native analyses, we suggest that the congru- 
ence between the DNA-DNA hybridization 
(Bleiweiss et al. 1997:figure 2) and our allo- 
zyme distance tree (Fig. 1) indicates that the re- 
lationships of the major clades of humming- 
birds are nearly resolved. 

ACKNOWLEDGMENTS 

We thank numerous colleagues at the LSUMNS 
who collected tissue samples used in this study. We 



114 GERWIN AND ZINK [Auk, Vol. 115 

thank the late J. S. McIlhenny and the late B. S. Odum 
for providing funds for those expeditions. We thank 
E B. Gill and M. B. Robbins, of the Philadelphia 
Academy of Natural Sciences, for providing tissue 
samples. We thank E B. Gill, K.-L. Schuchmann, C. 
G. Sibley, and R. Zusi for the use of unpublished data 
and for fruitful conversations. S. Lanyon, G. Graves, 
R. Zusi, J. Klicka, K. Winker, J. Weckstein, K. Johnson, 
A. Fry, and three anonymous reviewers provided 
useful comments on the manuscript. We thank C. 
White, N. Tague, and S. J. Hackett for preparing the 
figures. J. V. Remsen and M. S. Hafner provided use- 
ful comments on early drafts of the manuscript, 
which formed a part of a M.S. thesis by Gerwin in 
the Department of Zoology and Physiology at LSU. 
Financial support was provided by the American 
Museum of Natural History (Chapman Fund), and 
the LSUMNS. 

LITERATURE CITED 

ARCHIE, J. W., C. SIMON, AND A. MARTIN. 1989. 
Small sample size does decrease the stability of 
dendrograms calculated from allozyme-fre- 
quency data. Evolution 43:678-683. 

AVISE, J. C. 1994. Molecular markers, natural histo- 
ry, and evolution. Chapman and Hall, New York. 

AVISE, J. C., AND C. E AQUADRO. 1982. A compara- 
tive summary of genetic distances in the verte- 
brates: Patterns and correlations. Evolutionary 
Biology 15:151-185. 

BAVERSTOCK, P. R., S. R. COLE, B. J. RICHARDSON, AND 
C. H. S. WATTS. 1979. Electrophoresis and cla- 
distics. Systematic Zoology 28:214-219. 

BLEIWEISS, g., J. g. W. KIRSCH, AND J. C. MATHEUS. 
1994. DNA-DNA hybridization evidence for 
subfamily structure among hummingbirds. Auk 
111:8-19. 

BLEIWEISS, g., J. g. W. KIRSCH, AND J. C. MATHEUS. 
1997. DNA hybridization evidence for the prin- 
cipal lineages of hummingbirds (Aves: Trochil- 
idae). Molecular Biology and Evolution 14:325- 
343. 

BOUCARD, A. 1895. Genera of hummingbirds. Pardy 
and Son, London. 

BRUMFIELD, R. t., AND A. P. CAPPARELLA. 1996. His- 
torical diversification of birds in northwestern 

South America: A molecular perspective on the 
role of vicariant events. Evolution 50:1607-1624. 

BUTH, D. G. 1984. The application of electrophoretic 
data in systematic studies. Annual Review Ecol- 
ogy and Systematics 15:501-522. 

CAVALLI-SFORZA, L. L., AND g. W. E EDWARDS. 1967. 
Phylogenetic analysis: Models and estimation 
procedures. American Journal Human Genetics 
19:233-257. 

CHRISTIDIS, L., R. SCHODDE, D. D. SHAW, AND S. E 
MAYNES. 1991. Relationships among the Aus- 
tralo-Papuan parrots, lorikeets, and cockatoos 

(Aves: Psittaciformes): Protein evidence. Condor 
93:302-317. 

DITTMANN, D. L., R. M. ZINK, AND J. A. GERWIN. 
1989. Evolutionary genetics of phalaropes. Auk 
106:326-331. 

FARRIS, J. S. 1972. Estimating phylogenetic trees 
from distance matrices. American Naturalist 
106:645-668. 

FARRIS, J. S. 1981. Distance data in phylogenetic 
analysis. Pages 3-24 in Advances in cladistics (V. 
A. Funk and D. R. Brooks, Eds.). New York Bo- 
tanical Gardens, New York. 

FARRIS, J. S. 1985. Distance data revisited. Cladistics 
1:67-85. 

FARRIS, J. S. 1986. Distances and statistics. Cladistics 
2:144-157. 

FELSENSTEIN, J. 1985. Confidence limits on phylog- 
enies: An approach using the bootstrap. Evolu- 
tion 79:783-791. 

FELSENSTEIN, J. 1986. Distance methods: A reply to 
Farris. Cladistics 2:130-143. 

FITCH, W. M. AND E. MARGOLIASH. 1967. Construc- 

tion of phylogenetic trees. Science 155:279-284. 
GERWIN, J. g., AND R. g. ZINK. 1989. Phylogenetic 

patterns in the genus Heliodoxa (Aves: Trochili- 
dae): An allozymic perspective. Wilson Bulletin 
101:525-544. 

GILL, F. B., AND J. A. GERWIN. 1989. Protein relation- 
ships among Hermit Hummingbirds. Proceed- 
ings of the Academy of Natural Sciences Phila- 
delphia 141:409-421. 

GOULD, J. 1861. An introduction to the Trochilidae, 
or family of humming-birds. Published by the 
author, London. 

GRAVES, G. R. 1980. A new species of metaltail hum- 
mingbird from northern Peru. Wilson Bulletin 
92:1-7. 

GRAVES, G. R. 1986. Systematics of the gorgeted 
woodstars (Aves:Trochilidae: Acestrura). Pro- 
ceedings of the Biological Society of Washington 
99:218-224. 

GUTII•RREZ, R. J., R. M. ZINK, AND S. Y. YANG. 1983. 
Genic variation, systematic, and biDgeographic 
relationships of some galliform birds. Auk 100: 
33-47. 

HACKETT, S. J. 1995. Molecular systematics and zo- 
ogeography of fiowerpiercers in the Diglossa bar- 
itula complex. Auk 112:156-170. 

HACKETT, S. J., AND K. V. ROSENBERG. 1990. Evolu- 
tion of South American antwrens (Formicari- 
idae): Comparison of phenotypic and genetic 
differentiation. Auk 107:473-489. 

HARRIS, H., AND D. A. HOPKINSON. 1976. Handbook 
of enzyme electrophoresis in human genetics. 
North Holland Publishing Company, Amster- 
dam. 

HILLIS, D. M. 1991. Discriminating between phylo- 
genetic signal and random noise in DNA se- 
quences. Pages 278-294 in Phylogenetic analysis 



January 1998] Trochilidae Phylogeny 115 

of DNA sequences (M. M. Miyamoto and J. Cra- 
craft, Eds.). Academic Press, New York. 

HILLIS, D. M., C. MORITZ, AND B. K. MABLE. (Eds). 
1996. Molecular systematics, 2nd ed. Sinauer 
and Associates, Sunderland, Massachusetts. 

HINKLEMANN, C. 1989. Taxonomic, geographische 
variation und Biogeographic der Gattung Phac- 
thornis (Aves, Trochilidae). Dissertation, Rhein- 
ische Friedrich-Wilhelms-Universitat, Bonn, 
Germany. 

JOHNSON, N. K., AND R. g. ZINK. 1983. Speciation in 
sapsuckers (Sphyrapicus): I. Genetic differentia- 
tion. Auk 100:871-884. 

JOHNSON, N. K., g. M. ZINK, G. E BARROWCLOUGH, 
AND J. A. MARTEN. 1984. Suggested techniques 
for modern avian systematics. Wilson Bulletin 
96:543-560. 

KALLERSJO, M., J. S. FARRIS, A. G. KLUGE, AND C. 
BOLT. 1992. Skewness and permutation. Cladis- 
tics 8:275-287. 

LANYON, S. g., AND R. g. ZINK. 1987. Genetic vari- 
ation in piciform birds: Monophyly and generic 
and familial relationships. Auk 104:724-732. 

MADDISON, W. P., AND D. R. MADDISON. 1992. 
MacClade, version 3. Sinauer and Associates, 
Sunderland, Massachusetts. 

MARTEN, J. A., AND N. K. JOHNSON. 1986. Genetic 
relationships of North American cardueline 
finches. Condor 88:409-420. 

MEYER DE SCHAUENSEE, R. 1966. The species of birds 
of South America with their distribution. Liv- 

ingston Publishing Company, Narbeth, Pennsyl- 
vania. 

MORONY, J. t., W. J. BOCK, AND J. FARRAND, JR. 1975. 
Reference list of the birds of the world. Ameri- 

can Museum of Natural History, New York. 
NEI, g. 1972. Genetic distance between popula- 

tions. American Naturalist 106:283-292. 

NEI, M. 1978. Estimation of average heterozygosity 
and genetic distance from a smaller number of 
individuals. Genetics 89:583-590. 

NEI, M. 1987. Molecular evolutionary genetics. Co- 
lumbia University Press, New York. 

NEI, g., F. TAJIMA, AND Y. TATENO. 1983. Accuracy 
of estimated phylogenetic trees from molecular 
data. II. Gene frequency data. Journal of Molec- 
ular Evolution 19:153-170. 

OIlSON, S. L. 1985. The fossil record of birds. Pages 
80-218 in Avian biology, vol. 8 (D. S. Farner, J. R. 
King, and K. C. Parkes, Eds.). Academic Press, 
New York. 

ORNELAS, J. E 1994. Serrate tomia: An adaptation for 
nectar robbing in hummingbirds? Auk 111:703- 
710. 

PATTON, J. C., AND J. C. AVISE. 1983. An empirical 
evaluation of qualitative Hennigian analyses of 
protein electrophoretic data. Journal of Molecu- 
lar Evolution 19:244-254. 

PETERS, J. L. 1945. Check-list of birds of the world, 

vol. 5. Harvard University Press, Cambridge, 
Massachusetts. 

PLATNICK, N. I. 1977. Monotypy and the origin of 
higher taxa: A reply to E. O. Wiley. Systematic 
Zoology 26:355-357. 

PRAGER, E. M., AND A. C. WILSON. 1976. Construc- 

tion of phylogenetic trees for proteins and nu- 
cleic acids: Empirical evaluation of alternative 
matrix methods. Journal of Molecular Evolution 
11:129-142. 

RANDI, E., G. Fusco, R. LORENZINI, AND E SPINA. 
1991. Allozyme divergence and phylogenetic 
relationships within the Strigiformes. Condor 
93:295-301. 

RANDI, E., A. MERIGGI, g. LORENZINI, G. Fusco, AND 
E U. ALKON. 1992. Biochemical analysis of re- 
lationships of Mediterranean Alectoris partridg- 
es. Auk 109:358-367. 

RICHARDSON, B. J., P. R. BAVERSTOCK, AND M. AD- 
AMS. 1986. Allozyme electrophoresis. Academic 
Press, Sydney, Australia. 

ROGERS, J. S. 1972. Measures of genetic similarity 
and genetic distance. Studies in genetics VII. 
University of Texas Publications 7213:145-153. 

SELANDER, R. K., M. H. SMITH, S. Y. YANG, W. E. 
JOHNSON, AND J. B.GENTRY. 1971. Biochemical 
polymorphism and systematics in the genus 
Peromyscus. I. Variation in the old-field mouse 
(Peromyscus polionotus). Studies in genetics VI. 
University of Texas Publications 7103:49-90. 

SIBLEY, C. G., AND J. E. AHLQUIST. 1990. Phylogeny 
and classification of birds. A study in molecular 
evolution. Yale University Press, New Haven, 
Connecticut. 

SIMON, E. 1921. Histoire naturelie des Trochilidae 
(Synopsis et catalogue). Encyclopedie Rorer, 
Paris. 

SMITH, A. B. 1994. Rooting molecular trees: Prob- 
lems and strategies. Biological Journal of the 
Linnean Society 51:279-292. 

SNEATH, P. H. A., AND R. R. SOKAL. 1973. Numerical 
taxonomy. W. H. Freeman and Company, San 
Francisco. 

STILES, E G. 1983. Systematics of the southern forms 
of Selasphorus (Trochilidae). Auk 100:311-325. 

STILES, E G. 1996. A new species of emerald hum- 
mingbird (Trochilidae, Chlorostilbon) from the 
Sierra de Chiribiquete, southeastern Colombia, 
with a review of the C. mellisugus complex. Wil- 
son Bulletin 108:1-27. 

SWOFFORD, D. L. 1981. Utility of the distance-Wag- 
ner procedure. Pages 25-44 in Advances in cla- 
distics, vol. 1 (V. A. Funk and D. R. Brooks, Eds.). 
Annals of the New York Botanical Gardens, New 
York. 

SWOFFORD, D. L. 1993. PAUP: Phylogenetic analysis 
using parsimony, version 3.1.1. Illinois Natural 
History Survey, Champaign. 

SWOFFORD, D. L., G. J. OLSEN, P. J. WADDELL, AND D. 



116 GERWIN AND ZINK [Auk, Vol. 115 

M. HILLIS. 1996. Phylogenetic inference. Pages 
407-514 in Molecular systematics, second edi- 
tion (D. M. Hillis, C. Moritz, and B. K. Mable, 
Eds.). Sinauer and Associates, Sunderland, Mas- 
sachusetts. 

SWOFFORD, D. L., AND R. B. SELANDER. 1981. BIOS- 
YS-I: A FORTRAN program for the comprehen- 
sive analysis of electrophoretic data in popula- 
tion genetic sand systematics. Journal of Hered- 
ity 72:281-283. 

ZIMMER, J. t. 1950-1953. Studies of Peruvian birds. 
American Museum of Natural History Novitates 
Nos. 1449, 1450, 1463, 1474, 1475, 1513, 1540, 
1595, 1604. 

Z•NK, R. M. 1991. Concluding remarks. Pages 629- 
636 in Acta XX Congressus Internationalis Or- 
nithologici (B. D. Bell, Ed.). Christchurch, New 
Zealand, 1990. New Zealand Ornithological 
Trust Board, Wellington. 

ZINK, R. M., AND J. C. AVISE. 1990. Patterns of mi- 
tochondrial DNA and allozyme evolution in the 
avian genus Ammodramus. Systematic Zoology 
39:148-161. 

ZINK, R. M., AND R. C. BLACKWELL. 1996. Patterns of 
allozyme, mitochondrial DNA, and morphomet- 
ric variation in four sparrow genera. Auk 113: 
59-67. 

ZINK, R. M., AND D. L. DITTMANN. 1991. Evolution 
of Brown Towhees: Mitochondrial DNA evi- 

dence. Condor 93:98-105. 

ZINK, R. M., D. L. DITTMANN, AND W. L. ROOTES. 
1991. Mitochondrial DNA variation and the 

phylogeny of Zonotrichia. Auk 108:578-584. 
ZusI, R. L., AND G. D. BENTZ. 1982. Variation of a 

muscle in hummingbirds and swifts and its sys- 
tematic implications. Proceedings of the Biolog- 
ical Society of Washington 95:412-420. 

Associate Editor: A. ]. Baker 



January 1998] Trochilidae Phylogeny 

APPENDIX 1. Species studied, sample sizes, and localities for specimens. 
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Species Tissue no. Locality 
Glaucis hirsuta 

(Rufous-breasted Hermit) 
Phaethornis philippii 

(Needle-billed Hermit) 

Androdon aequatorialis 
(Tooth-billed Hummingbird) 

Colibri coruscans 

(Sparkling Violetear) 
Schistes geoffroyi 

(Wedge-billed Hummingbird) 
Doryfera johannae 

(Blue-fronted Lancebill) 

Acestrura rnulsant 

(White-bellied Woodstar) 
Selasphorus sasin 

(Allen's Hummingbird) 

Amazilia viridicauda 

(Green-and-white Humming- 
bird) 

Campylopterus largipennis 
(Gray-breasted Sabrewing) 

Aglaeactis castelnaudii 
(White-tufted Sunbeam) 

Coeligena violifer 
(Violet-throated Starfrontlet) 

Metallura tyrianthina 
(Tyrian Metaltail) 

Oreotrochilus estella 

(Andean Hillstar) 
Reinarda squamata 

(Fork-tailed Palm-Swift) 
Chaetura cinereiventris 

(Gray-rumped Swift) 

103561,103612 

9020,9168 

1402 

5549, 5574 

8126 

1728 

5402 

6312, 6314 

0142 

5740 

8136, 8158 

4474 

5577 

3605,3620 

3504 

8218 

8209,8218 

103834,103835 

5039 

9397 

PERU: Loreto: S bank Maranon R. along Samiria 
R., Est. Biol. Pithecia 

BOLIVIA: depto. Pando; Prov. Nicolas Suarez, 
12 km by road S Cobija, 8 km W on road to 
Mucden 

PANAMA: Darien; ca. 9 km NW Cana on slopes 
Cerro Pirre 

PERU: depto. San Martin; 15 km NE Jirillo, 
1,350 m 

PERU: depto. Pasco; Playa Pampa, 8 km NW 
Cushi on Chaglla Trail 

PERU: depto. Pasco; Santa Cruz; ca. 9 km SSE 
Oxapampa 

PERU: depto. San Martin; 20 km NE Tarapoto, 
1,050 m 

ECUADOR: Pichincha; Yanayacu, N Slope Pi- 
chincha, 3,500 m 

USA: Louisiana; Jefferson Parish; Metairie 

USA: Louisiana, E. Baton Rouge Parish; Baton 
Rouge 

PERU: depto. Pasco; Cushi, ca. 1,800 m 

PERU: depto. Loreto; Lower Rio Napo, E Bank 
Rio Yanayacu 

PERU: depto. San Maritn; ca. 15 km by trail NE 
Jirillo on trail to Balsapuerto, 1,350 m 

PERU: depto. Huanuco; Quebrada Shugush, 30 
km on Huanuco-La Union road 

PERU: depto. Huanuco; Bosque Potrero, 14 km 
W Panao 

PERU: depto. Pasco; Millpo, E Tambo de Vacas 
on Pozuzo-Chaglla Trail, 3,450 m 

PERU: depto. Pasco; Millpo, E Tambo de Vacas 
on Pozuzo-Chaglla Trail, 3,450 m 

PERU: depto. Ayacucho; Pampa Galeras, 25 km 
WNW of Puquio, 3,850 m 

PERU: depto. Loreto; S Rio Amazonas, ca. 10 
km SSW Rio Napo 

BOLIVIA: depto. Pando; Prov. Nicolas Suarez, 
12 km by road S Cobija, 8 km W on road to 
Mucden 
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APPENDIX 2. Loci scored, gel type used and the po- 
sition of bands on that particular gel type. For loci 
with two types listed, both have reproducible re- 
suits. 

Locus E.C. number Gel-buffer *,b 

GP-5 -- Poulik A 
ACON-2 4.2.1.3 AC C 
ACP-2 3.1.3.2 PC C 
ADA 3.5.4.4 TC III A 

ADH (ODH-1) 1.1.1.1 TM II C 
AK-1 2.7.4.3 TC III A 
AK-2 2.7.4.3 TM I A 
ALD-2 4.1.2.13 AC C 
CK-1,2 2.7.3.2 Poulik A 
ACP-1 (EAP) 2.7.3.2 TM I, A 

TC II 
ENOL 4.2.1.11 TM I A 
EST~D 3.1.1.1 Poulik A 
FUM 4.2.1.2 TC III C 
GAPDH 1.2.1.12 AC C 
GDA 3.5.4.3 TC II A 
ct-GPD 1.1.1.8 AC C 
G6PDH 1.1.1.49 PC A 
GPI 5.3.1.9 AC C 
GR 1.6.4.2 TM I A 
GLUD 1.4.1.3 TM II A 

GOT-1,2 2.6.1.1 AC C 
HK 2.7.1.1 TM I C 
IDH-1,2 1.1.1.42 AC C 
PEP~A (LA) 3.4.11 or 13 AC A 
LDH-1,2 1.1.1.27 Poulik A 
PEP-B (LGG) 3.4.11 or 13 AC A+C 
MDH-1 1.1.1.37 TC II A 

MDH-2 1.1.1.37 TC II, PP C 
ME-1 1.1.1.40 TC II, A 

TC 8.5 
ME-2 1.1.1.40 TM 7.5 C 
MPI 5.3.1.8 AC A 
NP 2.4.2.1 AC A 
6PGD 1.1.1.44 AC A 
PGM-2 2.7.5.1 Poulik, A 

TC 8.5 
PEP-D 3.4.11 or 13 AC A 

(PHE PRO) 
SORDH 1.1.1.14 PP C 
PK-1 2.7.1.40 Poulik A 
PK-2 2.7.1.40 Poulik A 

a AC = Amine-Citrate pH 6.1; PC = Phosphate-Citrate pH 6.2; PP 
= PGI-Phosphate pH 6.8; TC II = Tris-Citrate pH 8.0; TC III= Tris- 
Citrate pH 7.0; TC 8.5 = TC lI titrated to pH 8.5 with N-3-aminopro- 
pylmorpholine; TM I = Tris-Maleate pH 7.5; TM II = Tris-edta-Ma- 
leate pH 6.5. 

• A = anodal mobility; C = cathodal mobility. 


