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Phylogeny of Habronattus jumping spiders (Araneae:
Salticidae), with consideration of genitalic and courtship

evolution
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Abstract. DNA sequences from the mitochondrial (including ND1, 16S) and
nuclear (EF-1a) genomes of about ninety-four species were obtained to recon-
struct phylogenetic relationships of Habronattus jumping spiders. Maximum par-
simony trees were sought with both separate (mitochondrial, nuclear) and
combined analyses; maximum likelihood trees were sought with both separate
(ND1, 16S, EF-1a introns, EF-1a exons) and combined (mitochondrial, nuclear)
analyses. All analyses agreed on some fundamental aspects of the tree, including
the monophyly of the previously recognized agilis, amicus, dorotheae and
americanus species groups. The deep phylogenetic structure is well resolved, placing
the agilis, amicus, tranquillus and dorotheae groups basally. Several other previously
unrecognized clades were well supported, including a newly formulated decorus
group. The large group of species with modified male first and third legs was
supported as monophyletic except for the surprising placement elsewhere of three
species of the group. The phenotypic similarities between these three and the
others are so detailed and precise that convergence in ornamentation can probably
be ruled out. There are hints of phylogenetically distant genetic introgression
involving the coecatus group. The combination Habronattus paratus is restored
based on the species falling within Habronattus. Regarding patterns of character
evolution, there was consistent support for the basal placement of several species
groups with a long embolus, suggesting that there were more evolutionary reduc-
tions in embolus length than postulated in a previous morphological phylogeny.
This is in accord with the expectation that there is a bias to an overly conservative
interpretation of a character’s evolution if it is interpreted on a phylogeny based in
part on that same character. In contrast, the molecular phylogeny did not suggest
any instances of the evolutionary transformation of one complex style of courtship
into another, a possibility that could have been difficult to detect using the
morphological phylogeny because of the same bias to conservativism.

Introduction

Jumping spiders (Salticidae) have a high-resolution visual
system (e.g. Jackson, 1982; Blest & Sigmund, 1984), which
has enabled extensive use of visual cues during courtship
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behaviour. Some of the most elaborate male ornamentation
and courtship behaviour are found in species assigned to
Habronattus F.O. Pickard-Cambridge (Griswold, 1987
Peckham & Peckham, 1889, 1890; Maddison, 1995), a group
of about 100 species living primarily in North America. Orna-
mentation includes integumental processes and fringes of setae,
which to human eyes range through most colours of the rain-
bow. Males of many species follow an elaborate sequence of
motions of body and appendages during courtship (Peckham &
Peckham, 1889, 1890; Griswold, 1977; Richman, 1977, 1982;
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Cutler, 1988; Maddison & Stratton, 1988; Maddison & Hedin,
unpublished).

Resolution of the phylogenetic relationships of these
species would be an important prerequisite to interpreting
the evolution of these diverse and complex behaviours.
Griswold (1987) presented phylogenetic hypotheses for the
species of Habronattus based primarily of characters of
male morphology apparently related to courtship behaviour
(i.e. ‘ornaments’). His phylogeny, therefore, is based on
characters closely related to those whose evolution we
might seek to interpret. Although we maintain that there
is no danger of circularity in using this phylogeny, there is
the danger that a courtship-based phylogeny will be biased
toward suggesting an overly conservative view of the evolu-
tion of courtship traits (Maddison & Maddison, 1992;
de Queiroz, 1996). For example, a complex ‘genre’ or style of
courtship, with multiple ornaments and behaviours, might
evolve into a different style by loss of ancestral courtship
features, then rebuilding to a new complex style. There are
indications that wholesale loss of multiple ornaments has
occurred, for instance in H. borealis (Griswold, 1987).
[Authors of species names are given in Appendix 2.] How-
ever, phylogenetic analysis of such data might fail to detect
that one style evolved from the other, and instead mistake
the complex courtship styles as independent synapo-
morphies for two separate monophyletic groups. To best
detect such processes, we need a phylogeny reconstructed
from independent data such as sequences of functionally
unrelated genes.

Griswold’s (1987) phylogenetic hypotheses for the species
of Habronattus was derived from various analyses (both
phenetic and cladistic). Although the different analyses
resulted in different phylogenetic trees, and no single tree
was presented as the definitive proposal, his cladogram
(his Figs 10 and 12-16) is an informative starting point for
consideration. Griswold’s cladogram shows Habronattus
divided into four basal clades. Two (the decorus and
dorotheae groups) are small. The third basal clade is large,
including the viridipes, coecatus and americanus groups. The
viridipes and coecatus groups are notable for having both
the first and third legs modified in the males. The fourth basal
clade, which is defined by the angular distance between embolus
and tegular aphophysis of the male palpus (intromittent organ),
includes the pretiosus, agilis, amicus and tranquillus groups,
along with other species such as H. tarascanus, H. delectus,
H. pugillus, H. hallani and H. fallax, that appear relatively
isolated and of ambiguous placement.

Using molecular data from both mitochondrial and
nuclear genomes (characters presumably independent from
both genitalic and courtship traits), we sought to answer
several questions. Are Griswold’s species groups mono-
phyletic? What is the deeper phylogenetic structure of
Habronattus? Can the isolated species be resolved into
groups? Are there any cases in which a species group with
one complex style of courtship has evolved from within a
species group with another style? What does the molecular
phylogeny suggest about trends in the evolution of the male
genitalia?

Methods
Sampling of taxa

Our goal was to sample all known species of Habronattus;
we sampled all major species groups and most, but not all,
species. The species that we failed to sample appear to be
scattered throughout the group phylogenetically. For a few
species we sampled several individuals, sometimes repre-
senting phenotypically distinct populations. Although we
would have preferred to sample multiple individuals and
populations of each species to test for incomplete lineage
sorting, we felt that it was more important at this stage to
focus our efforts on sampling as many species as possible.
Analyses based on more intense sampling within some
species groups, e.g. as done for the H. pugillis complex by
Masta (2000a), are planned for future papers.

Griswold (1987) used several characters, including
relative leg length and genitalic structure, to support the
monophyly of Habronattus. We used Griswold’s concept of
Habronattus to delimit this study, except that we also
included Pellenes paratus, because of its possession of an
apparent synapomorphy of Habronattus (an elbowed
tegular apophysis). Recent study of molecular phylogeny
of salticids (Hedin & Maddison, unpublished) confirms that
appropriate outgroup taxa for Habronattus can be found
among Pellenes Simon and its relatives. Pellenes, which
includes several species groups in the Nearctic Region and
an apparently greater diversity in the Old World (e.g.
Logunov et al., 1999), has long been considered to be related
to Habronattus (Peckham & Peckham, 1909; Proszynski,
1976). The molecular data suggest that, among our sampled
species, those of Pellenes are most closely related to
Habronattus, with the Hawaiian Havaika Proszynski
(formerly ‘Sandalodes’; Proszynski, 2001) next closest, and
Sibianor Logunov next. For the study reported here, we
used Havaika (one species) and Pellenes (four species) as
outgroup taxa. Other groups that have been suggested to be
closely related to Habronattus, such as Evarcha and Maevia,
are considerably more distantly related (Maddison, 1996;
Hedin & Maddison, unpublished).

We sampled about ninety species. The precise number is
difficult to gauge, given difficulties in delimiting species.
The specimens analysed might be divided into three groups:
(1) those apparently belonging to undescribed species;
(2) those belonging to novel geographical forms that might
represent new species; and (3) those conforming to currently
recognized species. For those of the first category, we use
code names pending a revision of the species. The code
names take the form ‘Habronattus sp. (CODE) where
CODE is a distinctive combination of letters. Those of the
second category are named using ‘cf.” in front of the species
epithet of the most similar described species to indicate that
they are distinctive and may represent new species. Those of
the third category appear to belong to described species
(following hypotheses of Griswold, 1987), although in
some cases the species limits were considered problematic
due to considerable geographical variation. In at least some
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taxa, such as H. ustulatus, H. tarsalis and H. sansoni, it
appears likely that variants will eventually be recognized
as separate species (as considered and discussed by
Griswold, 1987). To clarify to what forms our specimens
belong, brief descriptions of the phenotypic characteristics
of those specimens belonging to undescribed or otherwise
problematic species are given in Appendix 1.

Appendix 2 lists the taxa sampled. Species therein are
grouped into species groups, not to prejudge the results
but for ease of use of the table. Undescribed species are
placed provisionally to species group when their phenotypic
characteristics closely resemble described species of the
group.

Gene sequencing and alignment

We gathered data from both mitochondrial and nuclear
genomes, using considerations of prior phylogenetic utility
to help guide our choice of gene region. The regions utilized
included an approximately 1kb fragment of the mitochon-
drial genome, spanning the 3’ end of 16S to the middle of
NADH dehydrogenase subunit 1 (ND1), with an interven-
ing tRNAMUCYN) This region (or parts thereof) has been
used to resolve species-level phylogenetic problems in other
spiders (Hedin, 1997), and was used to resolve phylogeo-
graphical patterns in the H. pugillis complex (Masta,
2000a). Molecular evolutionary properties of this gene
region are presented in Masta (2000b) and Hedin &
Maddison (2001a). The nuclear region sequenced included
a portion of the EF-1a gene comprising two partial exons,
one entire exon and two entire introns. We previously
reported on the phylogenetic utility and molecular evolu-
tionary dynamics of this region in a smaller sample of
Habronattus species (Hedin & Maddison, 2001b). Sequence
data for an additional forty-seven taxa are reported here for
the first time (see Appendix 2). Sequence data are deposited
in GenBank. Aligned sequences for all taxa (in NEXUS
file format) are available from the first author, and
can be retrieved at: http://www.salticidae.org/papers/
MaddisonHedinHabro01/MaddisonHedinHabroO1.zip

Extraction of genomic DNA followed protocols cited in
Hedin & Maddison (2001a). Voucher specimens are pre-
served in alcohol at —80°C in the personal collection of
W.P.M. Alcohol-resistant labels with unique voucher num-
bers (see Appendix 2) are included with all voucher speci-
mens. Mitochondrial fragments were PCR amplified,
purified, sequenced, compiled and edited using strategies
described in Hedin & Maddison (2001a). Mitochondrial
sequences were determined only for the ‘N’ strand (using
the ‘N’ primers listed in Hedin & Maddison, 2001a), with up
to 60% sequence overlap. The EF-1a gene includes multiple
copies in Habronattus (Hedin & Maddison, 2001b). We
used polyacrylamide gels (see Sambrook et al., 1989) to
separate paralogs that differ in size (due to intron presence
or absence), and focused on the ‘with intron’ copy (see
Hedin & Maddison, 2001b). Otherwise, the EF-la data
were PCR amplified, sequenced, compiled and edited
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using strategies described in Hedin & Maddison (2001b).
EF-1a sites including two peaks of equivalent intensity were
interpreted as heterozygosity, and entered into the phylo-
genetic matrix using [UPAC ambiguity codes.

Variation in length indicated that alignment of sequences
was needed for the non-coding portion of the mitochondrial
sequences, and the introns of EF-lo. The alignment was
done manually using MacClade 4 (Maddison & Maddison,
2000), and appeared straightforward.

Phylogenetic analysis

All searches to find most parsimonious and maximum
likelihood trees used PAUP* (Swofford, 2000, 2001a,b) on
Macintosh G4 computers. Version 4.0b4a was used for the
basic maximum likelihood searches and the parsimony
search with mitochondrial sequences; version 4.0b7 for the
bootstrap analyses; version 4.0b8 for the parsimony search
with EF-1a, the searches constraining the viridipes group
monophyletic, and the analyses involved in parametric
bootstrapping. Our descriptions of methods use the com-
mand terminology of PAUP* (Swofford, 2000, 2001a,b).

Parsimony. The unordered states assumption was used
(Fitch, 1971). Gaps were treated as missing data. Sites were
weighted equally. The search started with 20000 random
addition sequence replicates, each saving at most five trees
in each replicate to narrow the search (D. Maddison, 1991),
using TBR branch swapping (Swofford, 2000). The most
parsimonious trees found were used as input trees into a
second round of TBR branch swapping, unconstrained
except by MAXTREES of 100000. Replicability of clades
was assessed by a non-parametric bootstrap analysis
(Felsenstein, 1985) with 500 replicates, each starting
with simple addition sequence, followed by TBR branch
swapping holding no more than 1000 trees.

Mitochondrial and nuclear data were analysed together
and separately. The separate mitochondrial analyses
included data for 133 taxa; separate nuclear analyses
included data for 101 taxa (see Appendix 2). The combined
mitochondrial and nuclear dataset included nine composite
taxa representing the combination of sequences from more
than one individual (one with nuclear, one with mitochon-
drial data). Composite taxa included H. ustulatus specimen
#210 plus #211, H. geronimoi #60 + #61, H. sp. (YUCUN)
#6354+ #636, H. pugillis #08 +#459, H. cf. calcaratus
(Ft. Stockton) #496 + #546, H. orbus #27 + #101, H. moratus
#484 +#485, H. forticulus #289+ #290 and H. anepsius
#2824+ #314. In all but two cases, the composite data were
derived from individuals collected at the same geographical
location (see Appendix 2). Remaining taxa not represented
by both mitochondrial and nuclear data were excluded,
resulting in a combined matrix including ninety-nine taxa.
This combined analysis disregarded the possibility of pro-
cesses, such as incomplete lineage sorting or differential
introgression, that would yield differing genetic histories of
unlinked genes (de Queiroz et al., 1996).
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Likelihood. Because of the excessive computational diffi-
culty of simultaneously estimating parameters of sequence
evolution and searching for maximum likelihood trees, we
first estimated parameters under candidate trees then used
those parameters for tree searches (Swofford et al., 1996;
Maddison et al., 1999). A first candidate tree was obtained
by neighbour joining under the assumptions of HKY85
distances, empirical base frequencies and gamma-distributed
rate variation. This tree was used to estimate the six
parameters of a GTR model using likelihood, and this
model was used to obtain a second, refined candidate tree
using neighbour joining with ML distances. This refined
candidate tree was used to assess likelihood of various
parameter combinations, from simpler to more complex
rate matrix models, and from simpler to more complex
rate variation models. This was done to choose a model of
evolution for use in the full likelihood tree search. Included
among the rate matrix models examined was a five-
parameter rate matrix model (rclass = (a b a c d e)), because
preliminary analyses suggested that this model may fit
nearly as well as the full six-parameter model for several
datasets. For 16S, the whole mitochondrial sequence,
and EF-lo introns, the most complex site-to-site rate
variation model examined involved gamma rate
variation and a proportion of invariant sites: for NDI,
the entire EF-1a sequence and for EF-1a exons, the most
complex rate variation model examined involved the
site-specific rate variation by codon position. The model
chosen corresponded to the simplest model not significantly
different from the most complex model. Although
the HKYS85 model could be rejected against the GTR
model at P=0.05 if its —In likelihood were 9.49 greater
(Chi-square with 3d.f.; Goldman, 1993; Sullivan &
Swofford, 1997), we erred slightly on the side of more com-
plex models by rejecting the simpler model if the difference
in —In likelihoods exceeded 4.0. Once the model was chosen,
it was used in a search starting with a random addition
sequence followed by SPR branch swapping. One to several
searches (random addition sequence replicates) were
conducted.

For both the mitochondrial and nuclear datasets, three
likelihood analyses were conducted (two subsets separate
plus the entire dataset). Analyses were conducted on the
entire mitochondrial sequence excluding sites 533-536 (see
comments under ‘Results’), on the 16S gene and on the
NDI1 gene. Analyses were conducted on the entire EF-1a
sequence, on the introns only and on the exons only. Ten
taxa were deleted from the exons-only analyses, as they had
the same sequences as other included taxa.

Parametric bootstrapping. Parametric bootstrapping (see
Huelsenbeck et al., 1996) was used to explore an unexpected
placement of three species of the viridipes group. For both
the mitochondrial and the EF-1a data, a likelihood estima-
tion of parameter values was conducted as described above,
followed by neighbour joining using ML distances with
those parameters. All of these procedures constrained the
viridipes group monophyletic and used a gamma rate vari-

ation model. The resulting tree was used as a model tree on
which datasets were simulated using the Genesis package
(Maddison & Maddison, 2001b) of the Mesquite system
(Maddison & Maddison, 2001a). The parameters of the
simulation process were those estimated (for EF-1a, 2 param-
eter rate matrix, tratio=1.795738, codon position specific
rates = 2.240166:noncoding, 0.041499:posl, 0.006119:pos2,
1.088233:pos3; empirical equilibrium and root frequencies;
for mitochondrial, five-parameter rate matrix, rclass=
(a b acde) rmatrix=(7.5062689 30.777031 7.5062689
1.7307205 130.21719), gamma shape=0.885141, propor-
tion invariant =0.546136, empirical equilibrium and root
frequencies). One hundred matrices of the same number of
sites as in the original matrices were generated for both
mtDNA and EF-la. Parsimony searches and neighbour
joining were performed on each of the simulated data files
(parsimony: five random addition sequence replicates, each
constrained to keep no more than 100 trees; NJ for EF-1la:
NJ using ML distances based on two-parameter rate
matrix, gamma shape, and proportion invariant estimated
on initial HKY85 NIJ tree; NJ for mtDNA: NJ using ML
distances based on five-parameter rate matrix, gamma
shape and proportion invariant estimated on initial
HKYS85 NJ tree). Neighbour joining was used in expect-
ation that it might approximate likelihood inference but
require far less processing time.

Results
Mitochondrial data

Sequences. Mitochondrial sequences include outgroup
data for both Pellenes and Havaika, plus 129 Habronattus
sequences representing at least eighty-seven species (see
Appendix 2 for GenBank accession numbers). Except for
Havaika (no NDI1 data), each sequenced mitochondrial
fragment includes 574-579 bp of non-coding 16S (3’-end)
plus tRNALPYCEUN) (entire), and 414 bp of protein data from
the 5’-end of NDI. Sites 533-536 at the 16S/tRNA junction
were excluded in all analyses because they represent gaps in
all but two taxa. Both the 16S and tRNA data can be folded
into secondary structures consistent with models proposed
specifically for Habronattus (Masta, 2000b) and other salt-
icids (Hedin & Maddison, 2001a). The tRNA data are
further consistent with Masta (2000b) in lacking the TY¥C
and variable arms, and in having apparently unstable
amino-acyl stems.

The non-coding data are easily aligned by eye, requiring
an aligned length of 587 bp. The distribution of sites which
require indels for global alignment includes nine in pro-
posed unpaired regions of 16S, three in the 3’ tRNA
amino-acyl arm, and a 4-bp insertion in a spacer region
separating 16S and tRNA sequences. Observed compensa-
tory mutations were few, including seven 16S stem sites with
clear non-independence; these sites were not treated in any
special manner in phylogenetic analyses.
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Phylogenetic analyses. Results of phylogenetic analyses
with mitochondrial data are summarized in Figs1 and 2.
The initial parsimony search of the combined mitochondrial
matrix with 20000 random addition sequence replicates
resulted in 628 trees of length 2314, found on 142 different
replicates. Swapping on these resulted in 828 trees of length
2314; spots in Fig. 2 show most of the clades appearing in
the strict consensus. That this represents a single TBR
island (D. R. Maddison (1991)) was confirmed by a separate
search that found all 828 on a single swapping replicate.
Many of the ‘tip clades’ were found in a high proportion of
non-parametric bootstrap replicates, although support
deeper in the tree is generally weak (Fig. 2).

The model estimated by maximum likelihood in each
analysis was the five-parameter rate matrix model (a b a ¢
d e) along with site-to-site rate variation (either gamma +
pinvar or codon position specific rates) (see Table 1). Allow-
ing rate variation increased the likelihood substantially (-In
likelihood decreased by 700-2000). Increasing the number
of parameters in the rate matrix increased the likelihood,
but the difference between the five-parameter and full six-
parameter model (see Swofford et al., 1996) was small (differ-
ence in —In likelihood less than 1.5 in all cases). The parameter
estimates are for the entire mitochondrial sequence:
rmatrix = (7.5175335  30.724541  7.5175335  1.7415471
131.08292), rates=gamma, shape=0.886710, pinvar=
0.546911; for 16S alone: rmatrix=(1353.7156 2059.5561
1353.7156 358.04901 13760.371), rates=gamma, shape=
0.505327, pinvar=0.494271; for NDI alone: rmatrix=
(2.2495679 16.058415 2.2495679 0.58976979 52.95068),
rates = 0.420875 for codon position 1, 0.028546 for position 2,
2.550579, for position 3.

Likelihood searches involved a varied number of com-
pleted random addition sequence replicates, depending on
the speed of the computation. Three random addition
sequence replicates of likelihood searches were completed
for the entire mitochondrial sequence. Two resulted in the
same tree with —In likelihood 12023.383 (Fig. 2); the third
resulted in a tree with —In likelihood 12029.133. A likeli-
hood search using 16S data was attempted with random
addition sequences and SPR swapping. No replicate com-
pleted in 366 hours of searching (224091 rearrangements
tried), but the last score of 4468.1365 persisted over the
last 14000 rearrangements, resulting in two trees summar-
ized by the symbols in Fig.1. Seven random addition
sequence replicates of likelihood searches were completed
for the ND1 sequence alone, resulting in trees with —In like-
lihoods of 6806.2980 (four trees), 6806.4571 (six trees),
6808.3019 (four trees), 6809.2852 (four trees), 6810.1007
(two trees), 6814.5592 (one tree), 6815.0649 (four trees).
The two best replicates (ten trees) were combined to yield a
consensus tree summarized by the symbols in Fig. 1.

EF-lo data

Sequences. New EF-la sequences were gathered for
forty-seven spiders (see Appendix 2 for GenBank accession
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numbers), and added to those sequences already reported
by Hedin & Maddison (2001b). The complete matrix
included data representing at least seventy-one Habronattus
species plus outgroup taxa. This sample lacks some Habro-
nattus species included in the mitochondrial dataset, among
them representatives of the tranquillus group. All sequences
include exon data coding for 159 amino acids, and two
complete intervening introns.

Phylogenetic analyses. Results of phylogenetic analyses
with EF-1a data are summarized in Figs 1 and 3. The par-
simony searches over the entire EF-1o found shortest trees
of 547 steps. The initial search with 20 000 random addition
sequence replicates resulted in 46220 trees. Swapping on
these resulted in 100000 trees (the MAXTREES setting
used) of length 547; spots in Fig. 3 show most of the clades
in the strict consensus. Non-parametric bootstrap analysis
supported many clades, including a deep subdivision separ-
ating amicus and agilis group members from all other
Habronattus (Fig. 3).

The model estimated by maximum likelihood in the entire
EF-1a analysis was the HK'Y85 model with codon-position
specific rates; that in the separate exon and intron analysis
was the five-parameter rate matrix model (a b a ¢ d e) along
with site-to-site rate variation (gamma + pinvar and codon
position specific rates, respectively) (see Table 2). Allowing
rate variation increased the likelihood substantially (-In
likelihood decreased by 15-300). Increasing the number of
parameters in the rate matrix increased the likelihood, but
the difference between the model chosen and the full six-
parameter model was small (difference in —In likelihood less
than 2.5 in all cases).

Likelihood searches involved a varied number of com-
pleted random addition sequence replicates, depending on
the speed of the computation. Eleven random addition
sequence searches were completed for the entire EF-la
sequence, all yielding trees with —In likelihood of
4166.4706. The eleven replicates found a total of sixty-two
trees, but this included many duplicates, and only nineteen
distinct trees were found. Figure 3 shows the first MLE tree;
the consensus of all nineteen shows the exact same top-
ology. For the exons-only analysis, no random addition
sequence replicate achieved completion. The search was
stopped after 100 trees were found (>2 000000 rearrange-
ments tried), with —In likelihood of 1616.8166. Their strict
consensus is summarized by the symbols in Fig. 1. For the
introns-only analysis, five random addition sequence repli-
cates were completed, all yielding trees with —In likelihood
of 2384.6182. Twenty-seven trees were found, but some were
duplicates. The consensus tree of the twenty-four distinct
topologies found is summarized by the symbols in Fig. 1.

Combined analysis
The mitochondrial plus nuclear sequence analysed

together yielded 280 equally parsimonious trees of 2429
steps. Their strict consensus is shown in Fig. 4.
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Fig. 1. Summary of results of phylogenetic analyses. On the branches are symbols indicating support by different analyses, as explained at
lower left. Each analysis is represented by an oval, which if filled indicates support for that branch by that analysis. The analyses are: above
the branch, parsimony; below the branch, likelihood. Left, mitochondrial sequences; right, nuclear sequences. Data are partitioned
hierarchically: 16S, ND1, EF-1a intron and EF-la exon all separate (likelihood only); entire mitochondrial sequence and entire EF-1a
(parsimony and likelihood); combined mitochondrial and nuclear sequence (parsimony only). For parsimony searches with the whole
mitochondrial sequence and the EF-1a sequence, the larger oval represents the presence of the branch in a basic parsimony search and the
smaller oval represents recovery of the branch in more than 70% of the bootstrap replicates. Shading with black indicates support for the
clade as shown; shading with grey indicates that a clade with slightly different species composition was supported. These cases with different
species composition are as follows. Clade 1: H. paratus excluded from clade in some mitochondrial analyses. Clade 3: fa/lax group excluded in
combined, mitochondria parsimony, mitochondria likelihood; americanus group included in combined and all mitrochondrial analyses; H. ivei
included in mitochondria likelihood; H. tarascanus and H. banksi excluded in combined; H. pugillis, H. sp. (NAYAR), H. sp. (YUCUN) and
clade 4 included in EF-1a analyses. Clade 4: H. sp. (NAYAR) included in combined and introns likelihood; H. c. calcaratus and H. notialis
excluded in 16S and mitochondria likelihood; mitochondria parsimony yields clade of H. oregonensis plus H. jucundus but not the others.
Clade 5: H. oregonensis and H. pugillis included in mitochondria parsimony; H. hallani included in introns likelihood. Clade 6: one specimen
of H. velivolus and one of H. sp. (CHIH) excluded. Clade 7: one specimen of H. velivolus included in combined and mitochondrial analyses;
H. sp. (ROBRT) and one specimen of H. sp. (CHIH) included in mitochondrial analyses; H. zebraneus and one specimen of H. virgulatus
excluded in EF-1a analyses. Clade 8: one specimen of H. velivolus excluded. Dotted outlines of ovals indicate that the data were not available.
& = viridipes group.
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Table 1. —In Likelihoods calculated for various models of sequence
evolution (mitochondrial sequences) on the model tree obtained as
described in the text. In italics is the —In likelihood of the model
chosen for use in tree searches using likelihood. (A) mtDNA total.

Equal rates Gamma + pinvar
JC 15877.86150 13655.84836
F81 15994.44563 13688.77373
HKY85 14807.04023 12246.42782
abacde 12089.89303
GTR 14338.12771 12089.88378
Table 1B. NDI.

Equal rates Codon pos rates
JC 9122.45043 8245.38311
F81 9213.31215 8267.52701
HKYS85 8178.83975 7045.27741
abacde 6926.23735
GTR 7991.64684 6925.79555
Table 1C. 16S.

Equal rates Gamma + pinvar
JC 5634.88765 4950.22219
F81 5597.57990 4875.91723
HKYS85 5412.25000 4621.14845
abacde 4514.08542
GTR 5251.91401 4513.90928
Discussion

Habronattus phylogeny

The various gene regions and analyses agree on many
aspects of species relationships, as summarized in Fig. 1.
Separate analyses (Figs1-3) agree substantially with the
combined data analysis (Fig. 4). Some of the well supported
clades match those predicted from prior work. There is
strong support for the monophyly of the group of included
Pellenes species; however, because those species represent a
small part of the diversity of Pellenes, the results do not
necessarily suggest monophyly of Pellenes as a whole
(Griswold, 1987). The monophyly of Habronattus is supported
by parsimony and likelihood analyses of the entire mitochon-
drial sequence and likelihood analysis of EF-1a introns. This
result is not without question, however, as various other ana-
lyses (especially on EF-1a) suggest non-monophyly. Until a
broader sample of Pellenes species is obtained, we will treat
Habronattus provisionally as monophyletic.

Many aspects of Griswold’s (1987) cladogram are cor-
roborated by our data. The monophyly of the agilis, amicus,
dorotheae and americanus groups (Fig. 1) are supported by
both mitochondrial and nuclear data using various analyses

(see also Hedin & Maddison, 2001b). The tranquillus group,
for which we have only mitochondrial data, is also well
supported, as is its relationship with the amicus group.
The clade consisting of the viridipes and coecatus groups
(those species with modified first and third legs) is sup-
ported except for a surprising placement of a few species
of the viridipes group (discussed below).

There is good concordance among analyses regarding the
basal branching of Habronattus. Three of Griswold’s species
groups, the agilis, amicus and tranquillus groups, are consist-
ently placed basally, by both EF-1a and mitochondrial analy-
ses, leaving the remainder of species as a large clade (clade 1,
Fig. 1). Griswold’s proposed clade including the pretiosus,
agilis, amicus and tranquillus groups is therefore not supported
by our data. Habronattus zapotecanus and H. pochetecanus (of
Griswold’s pretiosus group) and other species belong instead to
clade 1. Within clade 1, H. paratus and the dorotheae group are
basal, with the remainder of the species forming clade 2. The
resolution of these deep relationships within Habronattus
promises to be of assistance to future phylogenetic work. How-
ever, in the current analyses we were unable to resolve well the
basal relationships within clade 2 (Fig. 1).

The group consisting of H. decorus, H. sp. (SPLEND),
H.carolinensis, H.venatoris, H.ocalaand H. cockerelliwasnot
anticipated in Griswold’s work, but is strongly supported
by both mitochondrial and EF-1a sequences with various
analyses. We refer to the group as the decorus group, recog-
nizing that its composition is different from the decorus
group as recognized by Griswold (who included H. decorus,
H. cockerelli, H. banksi and H. sugillatus), although he did
hypothesize the relationship of H. carolinensis, H. venatoris
and H. ocala. A second unanticipated but strongly sup-
ported group is the sister species pairing of H. fallax and
H. cambridgei (which we will call the fallax group).

Several other novel phylogenetic placements are sug-
gested by our data, although not uniformly supported by
different gene regions and analyses. One is the association
of H. delectus and H. icenoglei. A second is the grouping of
H. banksi, H. zapotecanus and H. pochetecanus. These three
species, the first of which was placed by Griswold (1987) in
the decorus group and the other two in the pretiosus group,
may in fact be recently diverged from one another: they
appear to have parapatric distributions in Mexico, occupy
similar microhabitats and may even hybridize (a population
from Oaxaca, 15°43.64'N 96°44.85'W, appears to show a
blend of phenotypes of H. banksi and H. zapotecanus).
Habronattus zapotecanus and H. banksi males share a
white clypeus divided in the centre by black.

The inclusion of Pellenes paratus in Habronattus is sup-
ported by our data, and hence we return the species for-
mally to Habronattus. Some analyses place paratus nested
within Habronattus, in clade 1 (Fig. 1). A few other analyses
place paratus with the agilis, amicus and tranquillus groups.
Griswold’s evidence for removing paratus from Habronattus
consisted of its apparent lack of what were assumed two
synapomorphies of Habronattus: epigynal openings hidden
in atria and relatively short first leg of males. However,
hidden epigynal openings appear to be plesiomorphic
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Table2. —In Likelihoods calculated for various models of
sequence evolution (nuclear EF-la sequences) on the model tree
obtained as described in the text. In italics is the —In likelihood of
the model chosen for use in tree searches using likelihood. (A) whole
EF-la.

Equal rates Codon pos rates

JC 4716.88754 4369.00966
F81 4665.33324 4305.95176
HKY85 4558.08192 4185.30527
abacde 4183.26073
GTR 4551.00788 4182.87319

Table 2B. Exons.

Equal rates Codon pos rates

JC 1860.10038 1715.86191
F81 1848.45150 1702.16030
HKY85 1785.31414 1633.26913
abacde 1629.20730
GTR 1773.81849 1627.56914

Table 2C. Introns.

Equal rates Gamma + pinvar

JC 2552.61146 2520.34796
F81 2497.08014 2474.12353
HKYS85 2432.38821 2414.53736
abacde 2407.05340
GTR 2423.65438 2406.65577

within Pelleninae, given that two of the genera that are
basal according to our molecular data (Sibianor and
Havaika; Hedin & Maddison, unpublished) have atria very
much like those of most Habronattus. This would suggest
that the exposed openings of paratus are derived from a
condition like that in other Habronattus (and it is not clear
that their exposure takes the same form as seen in Pellenes).
That would leave the relatively long first legs of paratus to
be the only clear reason for removing it from the clade of
Habronattus. Discordant with this is the elbowed tegular
apophysis, unique to our knowledge in salticids, that
paratus shares with all Habronattus except the coecatus
group, where it is apparently secondarily lost (Griswold,
1987). Whether or not a unique structure like this might
be considered more compelling than a quantitative differ-
ence in leg length, the molecular data add to the case for
inclusion of paratus in Habronattus. Thus, Habronattus
paratus is a restored combination.

By Griswold’s formulation, the species with modified first
and third legs (our clade 5, Fig. 1) are placed in two species
groups, the viridipes and coecatus groups. Griswold’s
viridipes group included twelve species, of which four are
distributed primarily in northern and eastern North America
(viridipes, notialis, calcaratus and jucundus), whereas the

remaining eight are distributed primarily in southwestern
North America. Griswold’s cladogram has the northern/
eastern species arising out of a paraphyletic southwestern
group. The southwestern species are distinctive for having
(usually) the basal white band of the male abdomen broken
anteriorly by black, and a striped clypeus. The northern and
eastern species have a V-shaped ridge of raised setae on the
male carapace, and a narrow straight tip of the tibial
apophysis. There are also differences in courtship behaviour.
The northern/eastern species have an early stage of court-
ship in which the first tarsi are pointed at the female; later in
courtship the first and third legs on one side of the body are
vibrated synchronously. The southwestern species sidle
broadly in early courtship, and have a distinctive double
raise of the third legs during late courtship (Maddison &
Hedin, unpublished). According to these characteristics, the
undescribed species H. sp. (CNCTY) and H. sp. (CHIH)
would belong with the southwestern species. Habronattus sp.
(ROBRT) could be placed tentatively with the northern/
eastern species for sharing the ridge of raised setae, but its
courtship behaviour and tibial apophysis are uncharacter-
istic of the northern/eastern species.

Because our data cast doubt on the monophyly of the
viridipes group, we prefer to treat these species as belonging
to two separate groups: the viridipes group proper (includ-
ing the northern/eastern species plus H. sp. (ROBRT)) and
the clypeatus group (the southwestern species plus H. sp.
(CNCTY) and H. sp. (CHIH)). The mitochondrial data
provide some support for the monophyly of the clypeatus
group. Included therein is H. dossenus, placed by Griswold
nearer the viridipes group s.s. on the basis of the first leg
ornamentation. Its placement with the clypeatus group is
not entirely surprising, given that apparent hybrids between
H. dossenus and H. clypeatus have been found in southern
Arizona where they are microsympatric. The courtship
behaviour and most ornamentation of the two species are
almost identical (Maddison & Hedin, unpublished). Except
for four rogue members (discussed below), the species of the
viridipes group proper, including H. moratus, H. orbus and
H. trimaculatus, are well supported as a clade (Fig.1). We
found no support for the monophyly of the viridipes group
plus the clypeatus group together.

Our data do not provide a clear resolution of the internal
relationships of the agilis, americanus and coecatus groups;
hence, their representation in our summary (Fig. 1). For the
agilis group, EF-1a shows little resolution, and the different
regions of the mitochondrial DNA give conflicting relation-
ships. For the americanus and coecatus groups, mitochon-
drial and nuclear gene trees are discordant. Whether this is
due to errors in gene tree inference, incomplete lineage sort-
ing or hybridization, we cannot say. As noted below, there
are indications of hybridization involving the coecatus group.

Gene tree problems?

Molecular trees fail to recover the viridipes group as
monophyletic, with four taxa (H. notialis, H. calcaratus
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calcaratus, H. jucundus and H. sp. (ROBRT)) consistently
falling elsewhere (see diamond symbols in Figs 1-4). The
failure of H. sp. (ROBRT) to group with the other viridipes
group members is not surprising, given that our assignment
of it to the group was tentative, based primarily on a single
character (the ridge of raised setae on the male cephalic
area). However, H. sp. (ROBRT) does fall, as expected,
within the clade with first and third legs modified.

More surprising are H. notialis, H. calcaratus calcaratus
and H. jucundus which, based on our molecular data, fall far
from the remaining species, often near H. oregonensis
(Fig. 1). This unexpected placement of the three forms is
strongly supported by EF-1a, and has some support from
the mitochondrial data. Parsimony searches done as
described above but with the viridipes group proper con-
strained to be monophyletic yielded trees of 567 parsimony
steps for EF-1a (tree length 20 steps greater than uncon-
strained) and 2317 parsimony steps for the entire mtDNA
sequence (tree length 3 steps greater than unconstrained).
The nucleotide sites supporting the rogue placement do not
appear to be concentrated in any special way along the
sequences (judged using the Compare 2 trees chart of
MacClade (Maddison & Maddison, 2000) on one each of
the constrained and unconstrained parsimony trees).

The placement of the three forms would imply that
numerous phenotypic characters, including the male’s
fringed green forelegs with spatulate spines, third patella
with spines and spots, and details of the intricate courtship
behaviour (Maddison & Hedin, unpublished), are conver-
gent between these three forms and the remaining viridipes
group members, some of which are currently considered
conspecific with H. calcaratus calcaratus. The details of
similarity are so rich as to make convergence highly
unlikely. It would seem then that both the mitochondrial
and nuclear genes are misleading us about species relation-
ships of H. notialis, H. calcaratus calcaratus and H. jucundus.

The parametric bootstrapping results hint that this rogue
behaviour may be an artifact. With the simulated mitochon-
drial DNA, parsimony reconstructed the viridipes group
monophyletic in forty-eight of the simulations and ambigu-
ity allows the group to be monophyletic in nineteen more.
Of the remaining thirty-three simulations, eighteen showed
the viridipes group being split but remaining within a clade
with first and third legs modified. Of the fifteen showing
nonmonophyly of the group with first and third legs modi-
fied, in only four was the nonmonophyly generated by an
external placement of H. jucundus, H. notialis or H. calcaratus
calcaratus: twice, attaching to H. oregomensis, once to
H. pugillis and once to H. icenoglei and H. delectus. Neigh-
bour joining reconstructed the viridipes group monophyletic
in sixty simulations; the group with modified first and third
legs monophyletic in sixty-seven simulations. Of the remain-
ing thirty-three simulations, nine have the monophyly of the
viridipes group broken up, in part, by the attachment of
H. jucundus, H. notialis or H. calcaratus calcaratus elsewhere,
often with clades including H. oregonensis, H. icenoglei or
H. delectus. Most of the remaining twenty-four have the
group with first and third legs modified broken up by

insertion of H. oregonensis. These results suggest that even
if the viridipes group and the group with first and third legs
modified were monophyletic, we would expect a greater
than 5% chance of reconstructing trees with the monophyly
of these groups broken by linkages involving H. jucundus,
H. notialis, H. calcaratus calcaratus and H. oregonensis.

It surprised us that the EF-1a simulations showed none
of these tendencies, despite their model tree having the
rogue viridipes group members on a distinctly long branch.
Parsimony reconstructions allowed the viridipes group to be
monophyletic in seventy-five simulations. Of the twenty-
five violating monophyly of the viridipes group, only eleven
violate the monophyly of the group with first and third legs
modified, and then by including only H. hallani. Neighbour
joining reconstructions showed twenty-three trees violating
the monophyly of the group with modified first and third
legs, likewise only by the inclusion of H. hallani.

Although these results hint that the unexpected place-
ment of H. jucundus, H. notialis and H. calcaratus calcaratus
may be an analytical artifact, the case is not convincing.
Other explanations for their apparent misplacement for
both nuclear and mitochondrial regions include contamin-
ation of genomic DNAs, paralogy of EF-lo or genetic
introgression in distantly related species. Genomic
contamination is unlikely for any one of several reasons.
First, the sequences derived from the genomics clearly
belong within Habronattus, but are also novel. Second, we
have two mitochondrial sequences for H. jucundus that
always fall together. Although it is possible that both geno-
mics are novel, but sister contaminants, a more parsimo-
nious suggestion is that these genomics (and resulting
sequences), in fact, represent H. jucundus. Finally, the fact
that the four genomics (two H. jucundus+ H. notialis +
H. c. calcaratus) were extracted months apart (and in the
case of H. jucundus, in different states) also makes genomic
contamination unlikely. It is also possible that the three
EF-1a sequences that group convincingly together represent
a paralog of the copy sequenced in all other taxa. Data
available for a known paralog of that analysed in this paper
do not support this hypothesis (see Hedin & Maddison,
2001b), but additional studies may be needed to rule out
completely the involvement of paralogy in this pattern.

Genetic introgression from distantly related species is a
formal possibility. In fact, hints of genetic introgression are
apparent in other species placed in the first and third legs
modified groups, in particular involving the clypeatus group
(see symbols in Figs2 and 3). Specimen 272 of H. sp.
(CHIH) has a mitochondrial haplotype allied with the
clypeatus group, as expected. This species has all of the
complex courtship traits typical of the clypeatus group.
However, specimen 292 of the same morphospecies consist-
ently falls well within the coecatus group for the combined
mitochondrial analyses and for the 16S and NDI1 analyses
separately (Figsl and 2). A second similar example is
H. velivolus, whose specimen 661 falls within the clypeatus
group (as expected) but whose specimen 659 falls within the
coecatus group (Fig. 2). In the case of H. velivolus, we can
compare results from a nuclear gene, which places the two
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specimens convincingly together (Fig.3). Again, geno-
mic contamination is unlikely. For example, we have mul-
tiple identical mtDNA sequences from different extractions
for specimen 292. This suggests then that both H. velivolus
and H. sp. (CHIH) are polymorphic for mitochondria
obtained from coecatus group females. This result would
be intriguing, because both the coecatus and clypeatus
groups have complex ornamentation and behaviour that
are distinctively different. Although one might expect hybrid-
ization to be rarest in groups with the most complex mat-
ing behaviour, complex and rapidly diversifying mating
behaviour may in fact reflect chase-away sexual selection
(Holland & Rice, 1998), which could enhance susceptibility
to hybridization (Maddison & McMahon, 2000). The pos-
sibility of hybridization in the group with first and third legs
modified deserves further study.

The placement of H. sp. (ROBRT) outside the viridipes
group could also be explained by introgression, but we lack
evidence as convincing as polymorphism supplies for
H.velivolus and H. sp. (CHIH). The even more unusual place-
ment of H. notialis, H. jucundus and H. c. calcaratus could
also be due to introgression, but it would have been across
considerably greater phylogenetic distances, outside of the
group with first and third legs modified. A firm resolution
of the puzzle of these three taxa awaits additional work.

Implications for courtship evolution

Our results corroborate Griswold’s interpretation that
the lack of courtship ornamentation in H. orbus, H. trima-
culatus and H. borealis represent evolutionary loss, by
strengthening the case that each of these is nested within
the clade with modifed first and third legs in males. Add-
itionally, H. cf. dossenus (Silver City) and H. cf. calcaratus
(Ft Stockton) have apparently lost third leg ornamentation.
In saying this for H. cf. dossenus, we are interpreting
H. dossenus and H. clypeatus as having ornamented femur,
patella and tibia of the third legs. Both have a dark and
somewhat swollen femur, a red and silver stripe on the third
tibia, and a third patella that is flattened and bare in front
with a ridge of setae on the dorsal margin. Habronattus cf.
dossenus (Silver City), however, has a third leg that appears
completely unornamented, as in the female.

That wholesale loss of courtship ornamentation can
occur, as seen in H. borealis for example, raises the question
of whether one complex courtship style could evolve into
another. As noted in the Introduction, use of courtship-
related characters to reconstruct phylogeny could make it
difficult to detect such a process, because wholesale loss
could erase many of the synapomorphies that might be
used to place a lineage. If that lineage subsequently evolved
a new complex style of courtship, there might be little clue
left that it evolved out of the previous style, and instead
both styles would be interpreted as synapomorphies for
independent groups. Our data provided the opportunity to
detect such processes, but in fact there are no obvious cases.
With the exception of possibly the coecatus group giving
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rise to the clypeatus group or vice versa, there are no indica-
tions that one complex style of courtship gave rise to
another.

One of the unanticipated clades discovered in this work,
the decorus group, shows remarkable diversity of courtship
ornamentation and behaviour. The group includes at least
three very different styles of courtship: the metallic abdomen-
raising display of H. decorus and H. sp. (SPLEND)
(for courtship see Peckham & Peckham, 1889), the twisted
first leg with semaphorelike display of H. carolinensis and
H. venatoris (courtship, Maddison & Hedin, unpublished),
and the pale first leg with raised second leg pose of H. ocala
(courtship: Maddison & Hedin, unpublished). This group is
as tightly knit by the molecular data as the agilis or
americanus group, and yet those other groups have relatively
uniform styles of courtship.

Implications for genitalic evolution

As with study of courtship evolution, study of genitalic
evolution proceeds best if interpreted with a phylogeny
derived from data independent of genitalia. Griswold used
characteristics of the male palpus and female epigynum (his
characters 143-172) in reconstructing the phylogeny.
Indeed, his characters 146 and 147 (degrees of angular
separation of embolus and tegular apophysis), delimit two
major clades. Here we consider one issue in genitalic evolu-
tion: the rotation of the male palpal bulb and corresponding
length of the embolus.

In many salticid groups with a more-or-less circular palpal
bulb, such as Habronattus, Sitticus Simon and Amycus
C.L. Koch, there is within-clade variation in the degree of
rotation of the bulb. For instance, outgroup comparisons
with Pellenes and other genera related to Habronattus sug-
gest that the ancestral condition is for a short embolus to
arise from the prolateral and distal edge of the tegulum; that
is, the embolus arises between 0900 and 1000, if viewing the
left palpus from below as if it were a clock. Various species
have evolved so as to rotate the bulb (counterclockwise in
the left palpus viewed from below), thus yielding an
embolus that arises at 0600, or even 0200. With these more
rotated bulbs, the embolus must be considerably longer to
reach the distal portion of the palpus, wrapping around the
tegulum. In groups with such variation in embolus length
and bulb rotation, there is correlated variation in the length
of ducts of the female epigynum. For instance, there are at
least five turns of spermathecae in females of H. ustulatus,
whose male embolus wraps around 270°, in contrast to
three turns versus 180° in H. encantadas (see Figs 150, 152,
199 and 208 of Griswold, 1987). This correlation appears
strongly supported in many salticid groups but is not yet
formally studied (Maddison, unpublished). If such correl-
ated variation in male embolus and female duct lengths is
related to sexual selection, either attractive (e.g. Eberhard,
1985) or antagonistic (e.g. Holland & Rice, 1998), then it
would be of interest to know whether the embolus length
increases and decreases within a clade, or only increases,
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during evolution. If only increases occur, an arms race
between males and females over control of fertilization
might be suggested.

Figure 5 shows Griswold’s characters 148—153, recoded
as a single ordered character, reconstructed on his clado-
gram, which requires at least thirteen evolutionary steps. If
the cladogram is resolved in a way to bias toward increases
in bulb rotation (‘increase’ defined as we have above, with
0900 being poorly rotated and 0300 being strongly rotated),
then there are seven unambiguous increases in rotation and
one unambiguous decrease. This is consistent with the fact
that the characters (or those, such as 144-147, correlated
with it) were used in reconstructing the cladogram, with
poor rotation being the assumed plesiomorphic condition.
If our molecular phylogeny is resolved in a way to bias
similarly toward increases in bulb rotation, then there are
nine unambiguous increases and four decreases (Fig.5).
Part of the difference is due to our phylogeny placing the
strongly rotated amicus, agilis and tranquillus groups
basally. Our phylogeny therefore argues against a model
of increase-only of bulb rotation, a conclusion that would
have been more difficult to reach with a genitalia-based

phylogeny.
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Appendix 1. Undescribed species and geographical
variants.

Among the specimens analysed are some belonging to spe-
cies new to science. Others represent known or new geo-
graphical variants in species complexes that have proven
difficult to separate into species. We here give brief descrip-
tions of some of these forms, pending a formal review of the
species, to clarify to what forms the names refer. In these
descriptions, angle of origin of tegular apophysis refers to
direction of basal straight portion (before the elbow) in left
palpus viewed from below, stated as if on an analogue clock
(thus, 0900 is pointing prolaterally, 0600 is pointing
basally). For instance, the tegular apophysis of H. paratus
points to 0900 (poorly rotated), and that of H. tranquillus
to about 0430 (strongly rotated).

Species apparently undescribed

H. sp. (CHIH). Superficially resembling H. californicus, but
with distinctive third patella (yellowish, with red swelling
distally) and dense yellowish fringe on male’s first leg.
From the Sierra Madre Occidental of Chihuahua.

H. sp. (CHMLA). Similar to H. sp. (YESOS) but bulb of
palpus poorly rotated with tegular apophysis pointing
to 0900. Tibial apophysis as in H. pochetecanus. Male
clypeus typically with narrow medial vertical white
stripe, flanked by dark stripes, flanked by broad white
stripes. Chelicera with vertical white band. Sierra
Manantlan and further south-west in Jalisco.

H. sp. (CHUAST). In the dorotheae group, known from
western Mexico (Chiapas, Jalisco, Nayarit). Resembles
H. huastecanus except for much longer tibial apophysis
of the palpus.

H. sp. (CNCTY). Superficially resembles H. californicus,
but more robust-bodied and with different male orna-
mentation. Male first leg green with orange fringe; third
patella a large blue-grey triangle. Known from near
Canon City, Colorado, and Davis Mountains of Texas.

H. sp. (CTARA). Known from a single male from
Michoacan, similar to H. tarascanus, but differing
in form of palpus and in having a red face.

H. sp. (LKHSTY). In the tranquillus group, known from
eastern Colorado and southern Texas. Males with first
leg slightly greenish, with black, white and red dorsal
tufts of setae; second leg pale with black spot.
Resembles most closely H. tranquillus (in dorsal tufts
and pale second leg).

H. sp. (MACHAL). In the dorotheae group, from main-
land coast of Ecuador. Palpus bulb poorly rotated, with
tegular apophysis pointing to 0930. Male first leg femur,
patella and tibia dark; face dark with reddish scales.

H.sp. (NAYAR). A relatively unornamented species from
mountains west and south of Tepic, Nayarit. Clypeus
and chelicerae dark; legs with oblique white stripes
that appear as maculations; palpus resembles that of
H. oregonensis.
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H. sp. (NMEX). In the coecatus group, from mountains of
New Mexico. Similar to H. festus, but male face black
with a pair of thin oblique white stripes on clypeus.

H. sp. (ROBRT). Superficially similar to H. moratus but
with tegular apophysis pointing to 0530. As in viridipes
group, both first and third legs of males modified.
Third patella in most populations with small purple
protuberances dorsally. From Jalisco and Nayarit.

H. sp. (SCOTSD). In the tranquillus group. Of the two
species currently confused under ‘H. tranquillus’, H. sp.
(SCOTSD) is that with dark brown on male first tibia
and patella (Griswold, 1987: Fig.76). The other has
yellow first leg with a distinctive black stripe and spot, and
is H. tranquillus proper judging by the original description
and figure (Peckham & Peckham, 1901; the type specimen
in MCZ, examined, is too faded and rubbed to be of much
use). Both live in desert bushes, but differ ecologically
(H. tranquillus a specialist on creosote bush, Larrea).

H. sp. (SPLEND). Considered by Griswold (1987) a
synonym of H. decorus. We consider it a distinct species,
based on strikingly different markings (black prosoma
and legs with metallic scales, in contrast to yellow legs and
snowy-white clothing on carapace in H. decorus) and
different rotation of bulb of male palpus (tegular apophysis
pointing to 0830). In south-eastern United States from Texas
to Florida and north to Virginia. The name H. splendens may
apply to it.

H. sp. (YESOS). Similar to H. sp. (CHMLA) but with bulb
of palpus rotated as in H. cockerelli, with tegular apophysis
arising at about 0700. Tibial apophysis as in H. pocheteca-
nus. Male clypeus like that of H. sp. (CHMLA) but often
lacks medial white stripe. Chelicera with vertical white band.
North-east of Sierra Manantlan in Jalisco.

H. sp. (YUCUN). A little-ornamented species from Cerro
Yucunuchica, Oaxaca. Males with dark brown face
(sometimes with vertical white bars). Palpus resembles
that of H. icenoglei.

Highlighted geographical variants

H. cf. calcaratus (Texas, Fort Stockton). A form from western
Texas and Chihuahua, closely resembling H. calcaratus
agricola but paler, and lacking an apophysis on third
patella of males.

H. cf. dossenus (New Mexico, Silver City). Similar to
H. dossenus, but with male third leg completely unmodified
and like that of female (third patella and tibia of H. dossenus
are modified, like those of H. clypeatus).

H. cf. sansoni (Utah, Cedar City). Similar to H. americanus
and H. sansoni, but males nearly unornamented, lacking both
red setae of H. americanus and carapace tufts of H. sansoni.

Habronattus spider phylogeny 17
Notes on other geographical variants

Habronattus coecatus group. Habronattus anepsius shows
geographical variation, especially in the markings on the
faces of males. The population from Isla Magdalena,
Baja California Sur, is different enough that it might be a
distinct species. Similarly, what we call H. ammophilus
from Isla Magdalena might be distinct from
H. ammophilus elsewhere (and no other populations are
known from the Pacific coast). The H. mexicanus
sampled from Texas and Jalisco appear to be of the
typical form. Those from Laguna Colorado, Oaxaca,
may represent a different species: they are larger and
darker than usual; males have the lateral white bar on the
abdomen as in H. carpus but lack its dark first tarsus
(Griswold, 1987). The H. pyrrithrix from San Carlos,
Baja California Sur, has an unusually dark third patella
and may be a distinct species.

Habronattus amicus group. This group shows rather
confusing variation, particularly among forms called
H. ustulatus and H. amicus. Specimens from three localities
are here labelled as H. ustulatus, but these probably repre-
sent at least two species. The specimens from Maricopa
Mountains, Arizona, represent a form whose males have
black first femur and body covered with coppery scales.
This form appears to be sympatric, or nearly so, with a grey-
bodied form with white-clothed femur represented here by
the specimen from Rail X, Arizona.

Habronattus americanus group. This group shows striking
geographical variation that may require recognition of
more species in the future (Griswold, 1987). The
H. americanus from White Mountains is of the typical
form with limited red on the first legs; that of Devil’s
Gate is a form found in some parts of the Sierra Nevada
that shows an extensive fringe of red hairs under the first
legs and prominent tufts above the front eyes, as if the
result of introgression from the ‘kubai’ form of H. sansoni.
The H. sansoni of Bull River, British Columbia, is similar to
the type specimen, with lateral bands of brick red on the
face. That from Hyatt Lake, Oregon, is similar to the form
described by Griswold as H. kubai, having a dark face and
extensive fringe under the first legs. The H. tarsalis from
Klamath River, California, is that without moustache
(Griswold, 1987: 86); that from El Socorrito has a broader
face and unique, cream-coloured chelicerae.

Species in other groups. The form here labelled as H. divaricatus
from El Socorrito, Baja California Norte, was tentatively
considered by Griswold a variant of H. divaricatus: the male
third patella is more or less unornamented. The H. dorotheae
males from Jalisco have a pale first femur. Specimens of
H. fallax from Texas, Chiapas and Nayarit show the typical
dark brown and cream markings; Arizona specimens are
much paler, with a golden face.

© 2003 The Royal Entomological Society, Systematic Entomology, 28, 1-21



18  Wayne Maddison and Marshal Hedin

LOTLLYAV 9LTLLYAV dle[eS ‘IqRURIN Y OAVNDA 830VH (TVHOVIN) ds 'H
— SLTLLYAV MLTSSHOT N6E61,1T “BIsodwo) Jo N IrekeN :0DIXAN YCOVH (LSVNHD) "ds ‘H
[snuvoaisony “ ]
69065€4V YLTLLYAV MO0 'LYE6 N99'LS ST “oyonuwreny ‘sedery) :0DIXAN €C9VH (LSVNHD) "ds ‘H
— CLTLLYAV uokur)) I[N ‘SHA BonydenH ‘BUOZLIY V'S 190VH 10U1U0.195 *[]
L£9065€AV — uokue) I ‘SIAl BONYIENH “BUOZLIY "V'S'N 090VH PIOMSLID) 1outiuo.123 " [
89065€4V TLTLLYAV MOTTELOT N,TL 6561 ‘BnAeS Bunde “oosief :0DIXAN 129VH avayjo40p “H
— 1LTLLYAV dS £9[eA opUBID ORY-Udsjueg 0D OF[BPIH SBXdL V'S €LYVH (TreIAL % YosIRD) avayyjotop "H
dnoi3 avayio.0p
— OLTLLYAV 021D 2oudpuadepuy <0 [[PIIO] SEXIL V'S N 6VVH (as1o00s) ds ‘g
— 69CLLYAV dS BT uodle] “0D LIPS SEXdL V'S 86V VH (ALSHYTD ds 'H
— 89TLLYAV [12M ABMPIA 0D [eLRdW] “eILIOJ[ED V'S N 9L9/SL9VH (weyood % weyNoad) snjjmbun.y [
— L9TLLYAV so[LIeg SO “Ing erulojie) eleqg :0DIXAN S9SVH snns.y [
— 99TLLYAV 100qWIND IBAU 0D NOAINSIS “BILIOJED V'S N 126EVH (weyxoed % weyxdad) smnsiy "
dnoi3 snyymbun.y
90CLLYAV S9TLLYAV 3pIOA BNV Jo N “Ing erurojie) efeq :0DIXAN 0LSVH snppngsn f
$906S€AV Y9TLLYAV ssou1ap[ipy edoouey 00 BAOOLIRIA “RUOZLY V'S ISSVH SpnIsn g
SOTLLYAY — PeOY X [rBY ‘SIAL BN[OMO] Jo J 0D [eUld BUOZIY V'S'N 11ZVH snpppngsn |
— €9TLLYAV peOY X [1ey ‘SIA BI[OMO], JO J “0D) [BUl] “BUOZLIY V'S 0ITVH (plomsun) smyvjnisn g
99065€AV T9TLLYAV 0[[n05Q Ieau 0] [eLedw] “BIUIOJED) V'S N ¥89VH (sxyueq) smpusis "[
#906S€AV 192LLYAV o) Kemqng 0D BISLYS “BIUIOJIED V'S L8EVH (weyoad % weyxdad) snonun [
dnoa3 snonup
YOTLLYAV 09CLLYAV 1D PuIR) Jo § “0) AAIUO ‘BIUION[E) V'S 78EVH (sqyueq) ruvyyoad [
— 6STLLYAV M80'6166 N9t TE0T “OlImbse]. ‘08[eprH :0DIXdIN T09VH PIOMSIID) SnxXpipul “[
€0TLLYAV 8STLLYAV }O2ID uBN( Uk 0D dFUBIQ ‘BILIOJNIED V'S €I1TVH (weyyood % weyyood) suvsolo "H
— LSTLLYAV MOTTISOT N,TO0E,1T “UyorIe eryeg IuekeN :OJIXdIN 0Z9VH (urequIRy ) suasuos |
€9065€4V 9STLLYAV SJAL QUOISIYAL "0D) ISIYO0D) BUOZLY V'S’ 6LIVH (syueq) smiounfuor g
— SSTLLYAV MT 6FE6 NEL'9SLST BISLY 0rrang ‘sedery) :ODIXAN LI9VH SnppUs0d [
79065€4V YSTLLYAV unsny Ieau 0D SIABLL ‘SEXOL V'S Y6CVH (weyyodd % weydodd) smvusor |
1906S€AV €STLLYAV aalesald AempIQ 0D weuind “epLol] V'S N LTSVH PIOMSLID Dryov "
dnoui3 si18p
0906S€AV TSTLLYAV SIAL SHYM 0D OKU[ “BILIOJI[ED V'S N 0ty VH OSLIOD) SISUIUOYSOYS *d
[snupunsuoy *g]
65065€4V 1STLLYAY dS £e[[eA apueID Ory-ussiuag 0D OS[EPIH ‘SeXdL V'S’ 0ISVH UOMIOW SUDUISUO] IO "
T0TLLYAY 0STLLYAV Yead LIED ‘SIA BONYOBNH “BUOZLIY "V'S'[] €60VH YOSIIRD) 79 OLIMOT $nayondp Jd saudjjod
[sapopung]
85065€4V 6YTLLYAV OUBD[OA ‘IIEMEH JO PUB[S] ‘lEMeH V'S’ LTIS “ds pyan g
sdnoiSinQ
‘ou Jueguan ‘ou Jueguan K1eoo] ‘ou uawddg saradg

VNQU

VNI

(Q1007) UOSIppRN % UIpay ur pajrodar Ajsnoraard arom [[165€IV-8S06SEAV SIoqUINU UOISSaddR YN 1BI[ONN "Paure}qo sem aduanbos [eupuoysoiiw ay) jo uoniod §9| Yy} A[uo
“ds pyIpavfy 104 "2I9Y Pasn 3501} WO} IJJIP 1) (Q100T) UOSIPPRIA %9 UIPAH AQ PIsn saWeU dIk S1o)orIq d1enbs UT "paure)qo a1am saouanbos N yormym wody suowadg g xipuaddy

> 2003 The Royal Entomological Society, Systematic Entomology, 28, 1-21

&)



19

Habronattus spider phylogeny

P016S€AV
016S€dV

1CCLLY AV
1016S€dV

0016S€dV

0CCLLYAV
61CLLYAV
8ICLLYAV
06065€AV
LITLLYAV
ICLLYAV
88065€dV
SICLLYAV
VICLLYAV
6806S€dV
EICLLYAV
ClcLLy AV
L806SEAV

LICLLYAV
0ICLLY AV
0806S€AV

¥8065€dV

6L06S€AV
60CLLYAV
80CLLYAV

8L06SEAV

1L065€AV
9L06S€AV
LLO6SEAV

0L065€AV
SLO6SEAV

VIELLYAV
EIELLYAV
ClELLYAV

TTELLYAV
OlELLYAV
60cLLYAV
80ELLYAV

LOELLYAV
90¢LLYAV
SOELLYAV
YOELLYAV
€0ELLYAV
C0ELLYAV
10€LLYAV
00€LLYAV
66CLLYAV
86CLLYAV
LO6TLLYAV
96CLLYAV
S6CLLYAV

YOCLLYAV
€6CLLYAV
COCLLYAV
16CLLYAV
06CLLYAV
68CLLYAV
88CLLYAV

L8CLLYAV
98CLLYAV
S8CLLYAV
Y8CLLYAV
€8CLLYAV

C8CLLYAV
I8CLLYAV
08CLLYAV
6LCLLYAV
8LTLLYAV
LLTLLYAV

oudornog Jo g wy | 0D nesseN ‘Bpuo[] V'S N
[[9M0T JO N WY G9 ‘Oyepl '¥'S'N

eIseyS JA 0D NOADISIS “BIUIONE) V'S

U0IO0IS 1O 0D S099d ‘SBXI, 'V'S'N

UOIYI01S 1O 0D $009d ‘SBXIL V'S

dS uoueqa  JO SIBPa) 0D UOS[IA\ ‘93SSAUUI] V'S
unsny Ieau 0D SIABLL, SBX9, V'S’

AAI3saId ABMpIQ 0D wewmng ‘BpLol V'S

MGTEEHL 08 NoSETSL 8P BT SMPN ‘OHBIUQ :VAVNVD
BAR[J XOO[[IA\ <0 SIYO0)) ‘BUOZIIY V'S

0J111090§ [ “9}ION erulojie) efeq :0DIXAN

TOARY YIBWEY 0D NOADYSIS “BILIOJIED V'S N

K1) Iepa) IBdU <0 UOI[ ‘Yel) V'S’

e NeAH 0D uosyOR( ‘U0 V'S

M66'9TSTT NP 8To6p TOARY [INg ‘BIQUN[0O) YsnUg :VAVNVD
U003 AU0I§ 0D IP[OqUINY ‘BIUIOBD V'S’ (]

yorag JoATY S1g 0D OUIOPUSIA ‘BIUIOJIRD) V'S N
uosuey eunde] ‘910N eruIojie) eleqg :ODIXAN

[Tel], uoAue)) SuUO0T “0D AJNULLL, “BIUIOJIRD) "V'S N

e S 1A 0D OUOIN ‘BILIOJED V'S )

SIA AMYAL 0D OAU] “BIUIOJED V'S’

M 6T 9SH0T N0V €1.1T ERIsodwo) Jo M JIedeN :ODIXAN
ML TOK6 NLL'LTIT “ormmuey) ‘sederqd :0DIXAN

unsny Iedu o) SIARIJL, ‘SeXd1 V'S

SIAL eUl[BIR)) BIURS “0)) PUWIJ ‘PUOZIIY "V'S' N

MPETTSO0T N/ES LS 0T “SOTRIA op O ‘0dsifef :ODIXAN

M T8 61.£6 NEL'IS,ST “eIsiry ouand ‘sedery) :QOIXHN
M/19°65-86 N,86'LT-81 ‘UepIyonfy ap epeye)) ‘SO[QION :ODIXIN

dS £9[[eA 9pueln) ory-udsjudg ‘0D oJ[epIH ‘SeXol 'V'S'N
MTEES96 NLT'ST,LT “03urymbiyony ‘edsexeQ :QOIXAN
seseD Op ‘enyenyry) :QDIXIN

MITTTHLOT NLLE E€T0SE “PIAU) SUIAL [20D) “0IIXIN MON V'S
Yeod zIssedy ‘S}A 00SIOUBI] U ‘BUOZLY V'S

07 Pue Gz¢ samoy djeis uonounl <o) enyde[y ‘epuol] 'V'S N
$009d 0D [ONJIN UBS ‘OJXIN MON 'V'S'N

AN B[BIQ “0D Bnydely ‘BpLol] V'S

weypa ‘SNISNYIBSSEA V'S N

T0[KB L JIN 0D B[OQI) “0dXdN MON V'S (]

swoteIo[ 0D wewnd ‘epuol V'S

ILYVH
S6EVH
100VH
9YSVH
L6YVH
910VH
S6CVH
YCSVH

6CIVH
Y9¥VH
16SVH
LLEVH
6vEVH
0¥SVH
89¢VH
CSEVH
S9EVH
C6SVH
9¢SVH
SYEVH
9I¢VH

8Y9VH
LYOVH
88CVH
991VH
6v9VH
ISOVH
evrVH

Y6¥VH
SYOVH
SCEVH
LCIVH
YCIVH

SCSVH
611VH
CI9VH
ISOVH
80IVH
PEIVH

PIOMSLID) SIyp1I0U

snpunonf

‘H
‘H

(weyyood 2 weyyodd) snpunonl *fy

SmIDADIDI JO
SMIDADIDI IO

PIOMSLID) 1UOSIppDUL *D
PIOMSLID) DJOOLISD 2

(syyueg) sMIDDIDI SNIDADI[DD

‘H
‘H
‘H
‘H
‘H

dnoa3 sadipriia

(uoyrowry) ysnvm -

(IBMMIAl 2 YOSIRD)) Snipnoiaqny -
S1pS.v]

(syyueq) syvs.vy -

1UoSUDS "3

osuns

(uojrowry) 1mosuvs *

promsun s.dydo -

(SIAT 29 UI[IdqQUIRYD)) PIVIOVISAU *
(promsuD) sy -

(S1a] 7 urrquIRYD) SadIgIng °
SNUDILIUID *

(Sur[19sAay]) snuvoriaWD *

TR m TRt RN

dnoa3 snuvorioun

xopvf

‘H

xvimf H

xojf
(weyyood % weyyodd) xvynf

123PLIGUIDD
123pLIGUIDD
JuRA1g 123pPLIGUIDD

‘H
‘H
‘H
‘H
‘H

dnoi3 xoynf

(urrequIey))) SNUDXI)
snunijp
snunjjp
snunjjn

(4osy10)) snuvjjn

‘H
‘H
‘H
‘H
‘H

dnoig snuvxay

[snio0oap 30 "[]

(ANd1dS) “ds
PIOMSLID) $1I0IDUIA *

PIOMSLID) D20 *

(Jremorlg) sn.1029p

(syueq) 1772423200 -

(weyyood 29 WeyNod]) SIsuau1jo.md

TTREmRT

dnoi3 sn.ooap

© 2003 The Royal Entomological Society, Systematic Entomology, 28, 1-21



20 Wayne Maddison and Marshal Hedin

$6065€dV SYELLYAV uoj[iwey ‘oLeIUD (VAVNYO 0SIVH (syueg) sypaioq "H
P606S€AV YPELLYAV SUBS[IQ 0D IP[OqUINY ‘BILIOMRD V'S’ €8¢VH PIOMSLID) SLIOID|IDG [
[smisdouv “3o “ 1]
RUQ[BPIRIN B[S]
€6065€IV EVELLYAV ‘eud[epSey 0)Iong “Ing eruiojie) eleg :OJIXHAIN 9LSVH smisdouv *|
€ETLLYAV THELLYAV soLIeq SO “Ing eruroje) eleqg :0DIXAN LSSVH smisdoup “ff
TETLLYAV — [le1] YOI, UBIPU] 0D APISIGARY ‘BILIOJIED V'S N vIEVH smisdouv *|
— IELLYAV [le1], YONL, UBIPU] “'0D) OPISIOATY ‘“BILIOJI[ED V'S T8TVH (urprequuey)) smsdoun “ff
1€C°LLYAV OVELLYAV euo[epSeIy B[S “BUS[EPSEIA OMoNg “Ing erulojie) eleqg :0DIXAN 08SVH snprydowiun ~f
26065€dV 6EELLYAY anJuiiydld “Ing eruiojie) eleg :0DIXAN 9$SVH (urpequieyDy) snymydownun
dnoid snpraoo
0€TLLYAY 8EELLYAV Mo6E6°E0T NoE6S'0E SHA SIAB( ‘SEX3, V'S’ 89¥VH (ALOND) “ds "H
— LEELLYAV SBSED (7 JBdU “BIOPRIN JO N UDY HT “enyenyryd :0DIXdN TLTVH (HIHO) ds "H
— 9EELLYAV OIJooWo], JO g WY 91 ‘enyenyy) :0JIXAN T6CVH (HIHD) ds 'H
80165€dV SEELLYAV MOTISE0T NBET1S,0T ‘B[mbay “odsier :0DIXAN 199VH snjodjjaa [
6TCLLYAV YEELLYAV MEEIEL0T NST'8So61 “Onueny ueg ‘oosief :0IIXHIIN 6S9VH PIOMSLID) snjodjjad |
S0165€dV — unsny <o) SIABLL ‘SEX9L V'S 06ZVH snnoiLiof |
— €EELLYAV unsny “oD SIARIL SeXIL, "V'S'N 68TVH (reiAl % Yyosuen) synon.of "q
MTF 61T NoTt'S€
— TEELLYAV ‘BAIE 1521 MO[[IMUONINY 0D UIDY “BIUIOJED V'S LOOVH (syueq) snsoutiof "
8TTLLYAV 1€ELLYAY M6ST8T.801 ‘N,6TT'THoCE "QUOILL JO § “0IXOIN MON V'S S8TVH Snuassop “Jo [
LTTLLYAV 0EELLYAV BI020 X ‘BIOUOS :ODIXAN 1€SVH SnUaSSop |
9TTLLYAV 6TELLYAY uokue)) Ijony o) 98I0 BUOZIY V'S’ N vLTVH PIOMSLID) S1UdsSop “[
STTLLYAV 8TELLYAV 0J111090§ [ “9}ION eIuIojie) eleg :0DIXAN 009VH SmIDILIDAP *H
OJIOPRIIASY [op uenf ueg Iedu
LO16SEAV LTELLYAV ‘PUNSe B 9p BLIOIS “Ing BIUIojE) Bleg :ODIXdN €9SVH (sdyueq) smorimap "H
— 9TELLYAV Uoson [, “BUOZIY V'S 6€0VH smppaddpo [
— STELLYAV MoTTTT NoSL'PE “UOKUBD S OBf “BUOZLIY V'S IZCVH (syueq) smvaddp |
— YCELLYAV awejoy) o) odsiqQ smT ueg ‘BILIOJED V'S 08€VH (syueg) snoneiofips [
90165€dV €TELLYAV seig ues JeAeN :0JIXdN 8I1CVH (syueq) snuvraizn g
dnoi3 sninaddjo
— TTELLYAV selg ueg Ieou ‘eyesulg ‘1redeN :0DIXAN 8CTVH (Lygo¥) ds ‘H
YCTLLYAV 1TELLYAY MO0 F0o70T N,TOSHo61 SOSOA SO “09sifef :QDIXAN L99VH (Lag0¥) ds ‘g
€TTLLYAV 0TELLYAV MTIF0.50T N L TE:61 “BlOWRYD “00sHef :ODIXIN T99VH (Lygo¥) ds ‘H
TTCLLYAV — MF6'81.S01 N,1T°0T,0C 0MML [ “09sief :0DIXAN 119VH (L9g0¥) ds ‘g
€0165€dV 61€LLYAV MoE6LL6 No0L6'9T “BIES JO S W OF ‘SLXIL, "V'S'N 0LYVH sodipria |
— 8IELLYAV Weypa(] ‘sNAsnydesseiy V'S’ POVH (zyuey) sadiprua |
60165€dV LIELLYAV 1Uoly Jo MS 0D KAOT BpLIOL] V'S0 6SSVH yuekxg smppnovuiti g
[1165€AV — A1) apueID oY Jo N 70D 1IEIS SEXAL V'S S8YVH smpioud |
— 9IELLYAV A1) apuein ory Jo N 70D 1IEIS SEXIL V'S v8YVH (lrelnAL % yosiien) sm.out [
01165€AV — dS UUEH 0D 2A31ARUAD) ") ‘LINOSSIAl V'S LZOVH snqio |
— SIELLYAV }P01D) meulsrdg <o) a1eMBII( “BWOURPO V'S 101VH PIOMSLID) s1q.10 "}
‘ou yueguon ‘ou Jueguaon Keoo ‘ou uowadg saradg

VNgUu

VN

‘panunuo)) ‘g xipuaddy

> 2003 The Royal Entomological Society, Systematic Entomology, 28, 1-21

&)



Habronattus spider phylogeny 21

BYCLLYAV

LYCLLYAV
YLO6SEAY
€L06S€dV
OVCLLYAV

SYCLLYAV

98065€dV

£806S€4V

806S€dV

$806S€AV
1806S€dV

cL06SEdV

YYCLLY AV
1606S€4V
eVCLLYAV
WeLLYAV
6606S€dV
IWCLLYAV
OVCLLYAV
6€CLLYAV
L606SEAV

8606S€dV
8ECLLYAV
LECLLYAV
9ECLLYAV

SECLLYAV
96065€dV
YECLLYAV

I8ELLYAV
08¢LLYAV

OLELLYAV
8LELLYAV
LLELLYAV

OLELLYAV
SLELLYAV
VLELLYAV

ELELLYAV
CLELLYAV
ILELLYAV
0LELLYAV
69€LLYAV

89ELLYAV
LOELLYAV
99ELLYAV
SOELLYAV
YOELLYAV

€9ELLYAV
COELLYAV
19€LLYAV
09¢LLYAV
6SELLYAV
8SELLYAV
LSELLYAV
9SELLYAV
SSELLYAV
PSELLYAV
€SELLYAV
CSELLYAV
ISELLYAV
0SELLYAV
6VELLYAV
8YELLYAV
LYELLYAV
OPELLYAV

MTO0SoL6 N/SL'60oLT “BOIYINUNINA 011D “BILXBQ ODIXAN
MTO0S0L6 N/SL60.LT “BIAYINUNON X 011D “BORXRO :ODIXTN
MIE6E-€01 N,TL8E61 BIOIBD SOT “00sief :ODIXHN

MO0 P0.P0T N,TO'So61 SOSIX SOT “0asifef :0DIXHN

oidof Jo m “1reAeN :ODIXAN

O[[IuIRju] ory

‘(querd o11309[201pAY) O[[IUIJU] JBAU ‘UBDROUDIA :ODIXHIN
MLTOSO0T N,6°6T.61

‘efowrey)) vISo[oIg 9p uoweIsy ‘0dsIef :ODIXAN

MITT066 N 9L LT81

‘eineny Iedu ‘HSTAVID UORISH ‘SO[AIOIN :ODIXHIN
M9670.C0T N, 1L °0T61 ‘enoevIeIez], [q ‘UedeOYdIN :ODIXHN
Mo6€6°€0T NoE6S0E SHA SIABQ ‘SBXOL "V'S'

SJJA eruogeled ‘BUOZLY V'S

S} LeAmboqeq ‘euoziy ‘y'S N

SIA J9ISAUOUIA ‘BUOZIIY V'S’ )

M 6T 9SH0T N0V €1,1T “Beisodwo) jo M “MreeN :ODIXAN
eouelg enby ‘IqeueN MOAVNOH

sunjdoH 1N ‘SHA By BIURS ‘BUOZLIY V'S

M90°0T.56 NF80TI91

“oodojuenyo] Jo A\ WY [ ‘selol se[ quang ‘Boexe( :ODIXAN
8-1 AemySIH pue S JMBUOJA 0D BUINX ‘BUOZLY "V'S'()
uosony, ‘euozly ‘y'§ N

021D 2ouapuddapuy 0D IR, ‘SXd] 'V'S'N

dN 9pIoA O[ed ‘dsedeuend YOI VISOD

SIAL BYSNYD “0) uenf ueg ‘00IXJJA MIN V'S’ N
00[BOIYO0Y JBAU “Bo2ANnd[y ‘SO[IOIN :ODIXAN

0I8dJ “°0D) ASIYI0)) ‘BUOZIIY V'S

M8V THo86 N,86°6S.61 “BONYdRJ Jo S “0[ePIH :ODIXAN
SIAL BUI[BIR)) BIURS “0)) PUWIJ ‘BUOZIIY "V'S'N
MFIS0.T0T NST'SE6T “Updeie) ‘urdroydtA :0DIXdIN
IpISuLII 0D 0391  URS ‘BIUIORD V'S

SO[1eD UkS “Ing erwiojie) eleg :0DIXAN

uoson]y, ‘euozuy ‘y'S'N

M ESEES6 NEGLSLST “BprIO[0) BUNSET “BORXRQ :ODIXHIN
MoEIETOT NoP0L 6T “TOATY S093d SBX3L V'S’
METEEL0T N,BL'6S.61 BINARS BUNTeT “00sIRf :ODIXAN
dS sjue], 009Ny 0D 0sed [d ‘SeXdL, 'V'S'N

doysig 0D OAu[ ‘BIUIOJED V'S

K9y[eA duld “0D uoIBUIYsEM ‘YBIN 'V'S'N

BISIA QIUOIA 0D 9puBID) OIY ‘OpeIO[0) 'V'S N

JOATY 99U0D() 0D URID ‘BIFI0N) "V'S )

el ‘BpLold V'S0

9¢9VH
SEOVH
8¢9VH

809VH
18CVH
¥SSVH
6¢£9VH

17 VH
¢P9VH
98YVH
6SYVH
600VH
800VH
T€9VH

980/S80VH
SO0VH

I¥9VH
961VH
LEOVH
L9YVH
Y0IVH

LISVH
WYVH
C89VH
CS9VH
L91VH
YLOVH
091VH
8LSVH
0I0VH
YSOVH
96YVH
0L9VH
C0SVH
06¢VH
C6EVH
0SSVH
960VH
EVSVH

(NNDNA) ds 7
(NNDNA) ds 7
(sosan) ds ‘g
[snuvoagyood 3o “[]
(SOSdA) ds "H
[smipppdns 3o "f]
(MVAVN) ds ‘H

(VIVL1D) ds 'H

T

(VIWHD) ‘ds -

PIOMSLID) Snupiajodpz -

PIOMSLID) SNUDISD.ID] *

PIOMSLID) $nIDjj18ns *

siypsnd -

sypand

promsun syjind -

PIOMSLID) snunaajysod

(weyyosd 2 weyyodd) snv.and
(weyyosd 2 Weyyodd) s1suauosa.Lo -

TR ETT TR

PIOMSLID) 19141 -

(promsun) 1ay30uaon -
(uewyory) wuvyvy ©

(Wweyyod 2 WeYNId) §1n122jap
(Weyy2d % WeYMNodd) ISyunq *
SNOQUR[[ISIIA

T T X

(XN “ds -

(a8puque)-'d°' Q') snouv.iqaz -
snipndaia

snipngaa

PIOMSLID) smpnd.aia -

PIOMSLID) SRUDIDIXD]]
(promsiin)) 1a3unjiyos -

xXrayraadd

(urproquiey)y) xriypniidd -
Snup2IXIU *

SNUDIIXIU

(Weyood 2 WeyNodd) SnuniIxaul *
1LI2SND]Y

(weyyood 2 WeYNod) 1asnvjy *
(weyyoed 2 Weyyodd) snisaf [
PIOMSLID) snpp1dsnd “ff

(z3uoy) snw2200 [y

(weyyood 2 Wweyyodd) snouuniq * g

TR TR T RRR TR

2003 The Royal Entomological Society, Systematic Entomology, 28, 1-21

2

©



Author Query Form

Journal: Systematic Entomology
Article : 195

Dear Author,

During the copy-editing of your paper, the following queries arose. Please respond to these by marking up your
proofs with the necessary changes/additions. Please write your answers on the query sheet if there is insufficient space
on the page proofs. Please write clearly and follow the conventions shown on the attached corrections sheet. If
returning the proof by fax do not write too close to the paper’s edge. Please remember that illegible mark-ups may
delay publication.

Many thanks for your assistance.

Query Query Remarks
Refs.

1 Au: 2001 changed to 2000, OK?

2 2001 has been changed to 2001a so that this

citation matches the text

3 2001 has been changed to 2001b so that this
citation matches the text

4 Au: Please supply more details if available

5 Au: Please give name of town




MARKED PROOF

Please correct and return this set

Any errors in this proof which have been noticed by the printer’s reader have been marked in
green. If you see any more printer’s errors, please mark them in red: there is no charge for
correcting these mistakes. For your own alterations, please use black or blue or any colour
other than green or red. Please use the proof correction marks shown below for all alterations
and corrections.

Instruction to printer Textual mark Marginal mark

Leave unchanged -« - under matter to remain Stet

Insert in text the matter A New matter followed by
indicated in the margin A

Delete — through matter to be deleted él

Delete and close up 1= through matter to be deleted | 4]

Substitute character or / through letter or v through New letter or new word
substitute part of one or word
more word(s)

Change to italics — under matter to be changed oLt

Change to capitals == under matter to be changed | =

Change to small capitals == under matter to be changed =

Change to bold type «~ under matter to be changed | vaaa

Change to bold italic == under matter to be changed | &&4

Change to lower case Encircle matter to be changed ==

Change italic to upright type [ (As above) Lo

Insert ‘superior’ character / through character or A where ¥ under character

required e.g. ¥

Insert ‘inferior’ character (As above) k over character e.g. &

Insert full stop (As above) (o]

Insert comma (As above) ’

Insert single quotation marks| (As above) ¥ and/or '}

Insert double quotation (As above) ~‘7‘¢ and/or ‘?
marks

Insert hyphen (As above) @

Start new paragraph i £

No new paragraph — —

Transpose —J —r

Close up linking Z letters =

Insert space between letters | A between letters affected ##

Insert space between words A between words affected 4

Reduce space between letters | T between letters affected T

Reduce space between words | T between words affected T




