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Ontogeny and Homology in the
Male Palpus of Orb-weaving
Spiders and their Relatives,

with Comments on Phylogeny
(Araneoclada: Araneoidea,

Deinopoidea)

Jonathan A. Codding ton

Introduction

On the whole, the century-long effort to homologize the
palpal sclerites of male spiders across families and superfamil-
ies seems to have been a rather dismal failure. Spider
taxonomists have often hoped that the comparative morphol-
ogy of the external male genitalia would be useful in higher
level phylogenetic analysis (Wagner, 1888; J. Nelson, 1909;
Comstock, 1910; Gassmann, 1925; Gerhardt and Kaestner,
1938; Archer, 1948; Lehtinen, 1967; Shear, 1967; Levi, 1980a;
Heimer and Nentwig, 1982), but our efforts to make it so have
not been particularly convincing or successful. Despite the lack
of clear homologies, many workers continue to use the same
terms for a variety of sclerites, and to hypothesize transforma-
tions among them. The implausibility of some of these
hypotheses can go unappreciated because they are often
proposed in isolation for single taxa. Thus their concordance
with other character systems is difficult to evaluate. Taxonomic
revisions and other studies of the last twenty years have
provided us with a wealth of comparative morphological work
on palp structure and function, and a review of this evidence is
badly needed. For the first time since Shear (1967), this paper
reviews the comparative morphology of male palpal characters,
especially in orb-weaving spiders, and in their potential
outgroups.

When comparing palp studies, it is often difficult to know
whether authors intended homology or not. There are two basic
naming traditions in studies of palp's. One is strictly evolution-

Jonathan A. Coddington, Department of Entomology, National Museum of
Natural History, Smithsonian Institution, Washington, DC. 20560.

ary and phylogenetic, and applies the same name to sclerites
only if they are thought to be homologues. The second tradition
is more pragmatic, and uses a small set of classical terms to
describe all sclerites. Proponents of the latter view generally are
cautious or agnostic about homology, and avoid new terms.
Sometimes they imply homology, and sometimes not Some-
times they also cite functional evidence to justify use of the
same term, although one almost never has direct evidence of
palp function on which to draw. However, because discerning
homology is the entire point of this paper, I have chosen to treat
the use of identical terms for two structures as at least a weak
homology hypothesis. However, I also try to note the view of
the author if that was not their intent

Outgroup comparison is an essential method in phylogenetic
analysis (Farris, 1982; Patterson, 1982; Maddison et al., 1984),
but it is of little use if characters are not correctly homologized.
Among spiders generally, the homologies of palpal sclerites are
so confused that traditional terms have little meaning as
homologies (e.g., median apophysis, conductor, terminal
apophysis, subterminal apophysis, radix, stipes).

Characters that show homoplasy are especially difficult to
interpret For example, Levi (1983b) used the presence of a
median apophysis as a derived character to define a group
including Argiopinae, Mastophorinae, Araneinae, and Gastera-
canthinae. However, outgroup comparison within Araneoidea
and beyond to Deinopoidea suggests that the presence of a
median apophysis, per se, is an araneoid primitive feature. Taxa
lacking it may be derived, rather than the opposite (the
primitive status of the median apophysis is equivocal in some
reconstructions, see "Conclusions"). Of course, the median
apophyses of particular araneid groups may have some
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subsidiary feature that indicates the monophyly of those
groups. Another example is Opell's (1979) use of the term
"radix" to describe an element in the embolic division of
uloborids, although he also regarded the homology with
araneoid sclerites as questionable. In light of evidence that
uloborids and araneoids are closely related (Coddington,
1986a, b), sclerite homology becomes an important issue. In
fact, the uloborid and araneoid radices seem to be different
structures, and thus Opell's caution was entirely justified.
These examples show that the possible or plausible in one
reconstruction can become doubtful in the larger phylogenetic
context

Solid progress in understanding araneoid phylogeny will
depend on solid understanding of araneoid outgroups. In the
case of the cribellate and ecribellate orb weavers, the context of
the problem initially is as large as the infraorder Araneomor-
phae. Phylogenetic patterns in that group, although still little
understood, must be reviewed before phylogenetic problems
within orb weavers can be addressed.

This paper is organized into four parts. The first part attempts
to circumscribe the problem of identifying the outgroup to
orb-weaving spiders by reviewing what is known, or likely to
be true, of the phylogeny of Araneomorphae. This first problem
is not insuperable, because parsimony suggests that wholly
ecribellate groups be considered less likely as potential
outgroups to the orb weavers. The second part reviews what is
known of the ontogeny of male palpal organs. The literature is
not extensive, but the general patterns yield thought-provoking
guidelines for the interpretation of palpal sclerites. The third
part then reviews and compares palp structure within orb
weavers and among the potential outgroups. The final part
summarizes the results in the context of nongenitalic charac-
ters, and discusses cladograms for orb weavers.

The majority of the data for this study comes from
illustrations of male palpi published by taxonomists doing
revisionary work (e.g., Levi, from 1954 to 1986; Lehtinen,
1967; Grasshoff, 1968; Forster and co-workers, from 1959 to
1987; Millidge, 1977,1980; Dondale and Redner, 1978,1982;
Opell, 1979, 1983, 1984; Coddington, 1986c), as well as
comparative morphological studies (Merrett, 1963; van
Helsdingen, 1965, 1969; Lehtinen, 1978, 1980; Shear, 1981;
Heimer, 1982). The enduring utility of good taxonomic
illustrations is a realization of the latter half of this century, at
least in araneology. Illustrations are to a very great extent the
data of comparative morphology, and frequently outlast the
value of the reasoning based on them. It seems that analytic or
schematic illustrations (e.g., Figures 5-8) are among the most
useful for understanding broader patterns, because the authors
present clearly how sclerites relate to each other in the palps
that they study. The few taxonomists who routinely include
such drawings as part of their alpha-level work have made the
understanding of palp morphology in the groups they study
enormously easier.

At the other extreme, one can identify an "iconographic"

tradition. In this, the superficial appearance of a palp under the
microscope is simply transferred to paper, almost as an abstract
design. Although compound microscopy can reveal otherwise
invisible characters, a simple cover slip mount often permits
only extreme lateral or mesal views of the palp. The featureless
cymbium takes up most of the drawing, and the sclerites peek
out on one side of the drawing or the other. Although species
identifications are possible with such glyphs, understanding the
three dimensional structure of the palp is difficult For some
reason, these kinds of illustrations are especially frequent in
linyphiid taxonomy. Alternative mounting techniques exist
(Coddington, 1983), but they are not commonly used.

This paper also tests the hypothesis of orb-weaver mono-
phyly (recently reviewed by Coddington, 1986a) by using
Deinopoidea (Deinopidae plus Uloboridae) as the putative
outgroup to Araneoidea, and evaluating the evolution of the
araneoid male palp from that point of view. As such it reviews
a different set of evidence than Coddington (1986a), but one
brought to bear on the same question. Although the present
effort is certainly not a final statement on orb-weaver
phylogeny, it is somewhat more exact and more complete than
past efforts (Coddington, 1986a, b, c). This paper surveys a
great deal of morphological diversity, and attempts to
synthesize and integrate the results with several other complex
character systems. It nevertheless remains a working hypothe-
sis, in need of criticism and test by other data sets.

ACKNOWLEDGMENTS.—I am especially grateful to the
previous and current generations of araneologists on whose
work this review is based. Raymond R. Forster, Charles E.
Griswold, Herbert W. Levi, Brent D. Opell, Norman I. Platnick,
William B. Shear, and Petra Sierwald read previous drafts,
corrected several mistakes, and made many improvements.
Mary F. Mickevich explained the step-counting mysteries of
PHYSYS. Elaine Hodges rendered all the figures. Scott Larcher
helped in numerous ways, and I especially thank him for his
cheerful willingness to meet impossible deadlines. Wayne and
David Maddison provided two pre-release versions of Mac-
Clade, which made analysis much easier and tremendously
improved its explicitness.

Materials and Methods

A paper such as this without drawings would ask the reader
to look up hundreds of illustrations in the original literature, no
small task. At the other extreme, one cannot mechanically
reproduce all the relevant illustrations and ignore the loss in
quality, to say nothing of the disparity in drawing styles and
labelling schemes (or lack of them). The middle course seemed
to be quick line copies of illustrations, to give the reader some
idea of the consistency and diversity of male palpal morphol-
ogy. Although I hope these drawings make the arguments
intelligible, they are a poor substitute for the originals.
Seriously interested workers should certainly consult the cited
works (identified in each figure legend).
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The selections aim to represent fairly palp sclerite diversity
among araneomorph cribellate taxa and orb weavers. To
facilitate comparison, all the drawings have been made roughly
the same size, with scale bars omitted, although obviously the
palps vary in size. Drawings of right palps have been inverted
to make all appear as left palps.

The taxa included in Figure 108 exemplify orbicularian
lineages and their potential outgroups. Araneoid family groups
whose monophyly is questionable are represented by two
genera each in order to display clearly putative family
synapomorphies (thus Araneus and Cyclosa for Araneidae;
Meta and Leucauge for metines; Tetragnatha and Glenognatha
for tetragnathines; Nephila and Nephilengys for nephilines). As
many uloborid genera as possible are included because
reconstruction of the correct uloborid ground plan is critical to
the phylogeny of orb weavers. Family or superfamily catego-
ries exemplify the remaining taxa.

ABBREVIATIONS.—Sclerite terms and their abbreviations as
used in this work are listed below. In the figures and this list
abbreviations in parentheses are the labelling schemes of the
original authors that do not agree with the designations in this
work.

ssc
ST
T
TA(ta)
TTA
UEA
?

Sticky spiral construction
Subtegulum
Tegulum
Terminal apophysis
Theridiid tegular apophysis
Uloborid embolic apophysis
Doubtful homology

An
BH
C
CL
CIA
CY
DH
DiTA
E
EM
ETA
f
F
(fc)
iLl
iL4
LC
M,MA(ma)
MEA
MH
NSSC
OEA
oLl
oL3,4
oL4
OTA
OTLI
OTLII
PA
PC
Pe
PLS
PM
R(r)
S
SPT
SS

Annulus
Basal hematodocha
Conductor
Column
Cyatholipid tegular apophysis
Cymbium
Distal hematodocha
Dictynid tegular apophysis
Embolus
Embolic membrane
Eresid tegular apophysis
Fulcrum
Fundus
Functional conductor
Inside first leg
Inside fourth leg
Lamella characteristics
Median apophysis
Metine embolic apophysis
Median hematodocha
Nonsticky spiral construction
Oecobiid embolic apophysis
Outside first leg
Outside third and fourth legs
Outside fourth leg
Oecobiid tegular apophysis
Oecobiid tegular lobe I
Oecobiid tegular lobe II
Parembolic apophysis
Paracymbium
Petiole
Posterior lateral spinneret
Paramedian apophysis
Radix
Stipes
Suprategulum
Sticky spiral

TERMINOLOGY.—In general, I have followed Comstock's
original usage for sclerite names (Comstock, 1910), except
when the presumption of homology seems clearly wrong. In the
latter cases, as a compromise between homology and stability
of names, I have included a taxon reference in the name of the
sclerite, e.g., oecobiid tegular apophysis (OTA), or metine
embolic apophysis (MEA). This coordinates the names of
sclerites with the groups they define, and still retains the
descriptive part of the name. Labels on drawings become
slightly more complex. As evidence accumulates that groups
are related, the taxon reference can be adjusted to reflect new
classifications. In this paper, I use this system when the
analysis has shown that the same name has been used for
unequivocally different structures. On the other hand, I see no
reason to change the traditional names of sclerites in those
groups in which the names were first used.

METHODS TO RECOGNIZE HOMOLOGUES.—Taxonomists tra-

ditionally have used Remane's (19S6) criteria of detailed
similarity, ontogeny or intermediate forms, and position as
means to recognize homologues. Often these guides are
sufficient. A newer and equally powerful way to test homology
hypotheses is by concordance with other character distributions
(Patterson, 1982). When one tests existing sclerite homology
hypotheses against other character systems in spiders, the result
is substantial homoplasy among sclerites. The morphological
vocabulary does not correspond to the existing diversity of
palpal sclerites. Existing notions of homology as implied by
identical terms are rarely concordant with other characters. One
can infer that palpal sclerites are much more changeable in
evolutionary time than formerly believed, and thus that our
terminology for them is awry.

Concordance constrains homology hypotheses in the follow-
ing way. If all characters in a data set except one agree on a
particular tree topology, and further suggest that the deviant
feature arose twice, then the initial coding of the deviant
character is probably wrong, regardless of the phenotypic
evidence. Following mis line of reasoning, one can use the fit
of a transformation theory about one character to a tree implied
by it and other characters to test the homology of that character
(Mickevich, 1982). Two states that must have originated
independently because of the context of other characters should
be recoded as not homologous. Although this method
eliminates some homoplasy by emending hypotheses of
homology to eliminate apparent convergences, the length of the
cladogram rarely changes. Because the emendations recode
egregious homoplasies as new characters, the length that the
new "character" adds to the tree usually balances the
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homoplasy that is eliminated. The consistency index of the tree
also improves. One gains conceptual clarity by having
transformational hypotheses about characters accord with the
globally most parsimonious taxon cladogram.

Like any coding scheme, this proposal can be misused and
misapplied. As a rule of thumb for cases where terminology
and homology are extremely discordant, judicious application
will result in a more balanced terminology that rectifies
obvious mistakes in recognition of homology. One might adopt
specific criteria for recoding, such as "recode character X if
overall tree length increases 5% or more under the assumption
of Dollo parsimony for that character." Such criteria are
arbitrary, however, and as yet cladistic theory lacks a rational
basis for choice. Instead, I have simply changed sclerite names
(and thus changed homology hypotheses) when it seemed to
me that the evidence was overwhelmingly against the hypothe-
sis of homology. When the homoplasy occurs within a single
family, I have not generally recoded the character (e.g.,
uloborid embolic apophysis; Table 1, character 18), in
recognition that sclerite homologies within families are best left
to the specialists in that group. On the other hand, much of the
homoplasy in the data is apparently due to secondary loss of
features (e.g., median apophysis; Table 1, character 9), and of
course this kind of homoplasy does not affect hypotheses of
homology.

I have also tried to specify transformation series for
multistate characters as unambiguously as possible. Insistence
on unambiguous transformation series can result in longer
cladograms than can be obtained with unordered, or Fitch,
optimization (Mickevich, 1982). However, the Fitch-optimized
transformation series may be incompatible with deterministic
transformational hypotheses. Explicit transformation schemes
are certainly preferable to unordered networks if the transfor-
mation series adds no length to the tree. I have therefore
specified transformation series wherever possible, according to
the following method. The method is overly complex, because
it seeks to perform an analysis that is not currently possible
with any single phylogenetic computer software package.

I used the PAUP version 2.4 computer package installed on
an IBM 4381 computer (Swofford, 1986) to find shortest taxon
trees with the MULPARS option, GLOBAL branch swapping,
and Farris optimization. Although a priori I felt that several
characters would be best represented by branching and/or
asymetric character state trees (Coddington, 1987), I treated all
multistate characters as either unordered or linearly ordered,
because PAUP 2.4 does not permit user-input transformation
series, and it does not easily indicate when support for a node
is ambiguous. I then used MacClade version 2.1 (Maddison and
Maddison, 1987) to deduce specific transformation series that
agreed with the taxon trees from PAUP for each multistate
character. The data required only two branched character-state
trees (a and b), in addition to the ordered (o) and reversible (r)
transformation series (Table 1). Although MacClade helped

considerably to deduce homologies among palpal sclerites, its
tree-finding algorithms are inadequate to verify that the new
coding still supports the same taxon tree. For that, I used the
CREAD and DWAG.S options in PHYSYS (Farris and
Mickevich, 1984) to check overall tree length and found no
additional equally parsimonious trees. PHYSYS, however,
does not report all equally parsimonious mappings of charac-
ters that may exist for a particular tree topology. Also, even
with the CREAD option structured to give unordered character
state trees, PHYSYS counts tree length differently from
MacClade and PAUP. The same topology, data, and character
state trees yield longer overall lengths in the former than in the
latter computer packages. The lengths reported here are those
calculated by PAUP.

The trees reported for this study are therefore as parsimoni-
ous as those obtained by unordered, or Fitch, optimization.
However, the transformation series for multistate characters are
also specified as unambiguously as possible, subject to the
constraint that the coding scheme does not add length to the
tree.

Basically this method accepts the minimum tree length
found by Fitch optimization as a constraint, but within that
constraint the method specifies transformation series as
explicitly as possible. As such, it takes a less extreme position
about analysis of character evolution than, for example, true
Transformation Series Analysis (Mickevich, 1982). This
method was used to investigate the homology of the radix,
terminal apophysis, conductor, and median apophysis in a
variety of orb-weaving taxa.

Mapping character transformations on cladograms is another
intractable methodological problem. The placements of 18 of
the 1S4 changes mapped in Figure 108 are ambiguous, in that
they could have been placed at other particular nodes on the
tree without affecting total tree length. Many of these
ambiguities are actually due to missing data, not biological or
logical ambiguity. If two taxa share an apomorphy.but the state
in the immediate outgroup is unknown, the exact generality of
the apomorphy will be ambiguous. For example cheliceral
denticles (Table 1, character 35) are known to occur sporadi-
cally in the taxa listed in Figure 108, but for a majority of those
taxa, the presence or absence of cheliceral denticles is
unknown, and thus gain of cheliceral denticles is ambiguous in
three places on the tree. I resolved the mapping ambiguity in
such cases by presuming that the character arose exactly where
it first certainly occurs. In cases where the ambiguity is
biological (e.g., did the cribellate ancestor of the now entirely
ecribellate Araneoidea produce puffed cribellate silk, Table 1,
character 83), I have again mapped the character as arising
exactly where it is known to occur, (at the node subtending
Deinopidae and Uloboridae). However, the reader should be
aware that some changes could conceivably have occurred
elsewhere than where they are depicted in Figure 108.
Unfortunately so many permutations of these ambiguities exist



NUMBER 496

that an exhaustive list of all possible mappings is impractical,
and probably not worth the time. Important ambiguities that
affect homologies in palpal sclerites are pointed out in the text

Cribellate Phytogeny and the
Orbicularian Outgroup Problem

What does the taxon "orb weavers" include? At present, the
available evidence suggests that the uloborids and deinopids
are the sister taxon to the Araneoidea, and no evidence links
either group convincingly with any other cribellate or ecribel-
late group (Coddington, 1986a). If Deinopoidea (Uloboridae
and Deinopidae; Deinopoidea has priority over Uloboroidea by
Deinopides C.L. Koch, 1851) and Araneoidea are sister taxa,
each may serve as the other's outgroup when a question
concerns intragroup relations. Their inclusive taxon may be
called Orbiculariae (Walckenaer, 1802) without any nomencla-
tural ramifications, because the name is above the rank of
superfamily.

The orb-weaver monophyly hypothesis thus far has either
been accepted as the strongest available hypothesis for the
relationships of orb weavers (Opell, 1987), or has been
questioned regarding the homology for, or independence of,
each of the ten or so apparent synapomorphies for Orbiculariae
(Shear, 1986:387-395; Eberhard, 1987; Robinson, 1987;
Vollrath, 1987). However, arguing whether or not two
obviously very similar features are really homologous or
convergent (especially on the grounds of inferred adaptive
value) probably will be fruitless, because it is so difficult to
decide homology by focusing exclusively on the feature in
question. Put another way, if the features were not extremely
similar, the hypothesis of homology would not even be
credible. Taxa with the rank of superfamily nearly always differ
in small details, even when the features are obviously
homologues. This is roughly the situation in orb weavers.

Instead the monophyly hypothesis can be rejected more
decisively by finding numerous, strong apomorphies that link
either Deinopoidea or Araneoidea with other, non-orb-weaving
groups. Despite substantial searches, neither I nor any other
author have found any such suite of characters. Consequently,
it is most reasonable to follow Hennig's principle (Hennig,
1966:121) and conclude that the available evidence supports
the monophyly of the two extant orb-weaving lineages.

The sister taxon to Orbiculariae is unknown at present.
However, it seems reasonable to begin the search in taxa that
contain some cribellate members, simply because Orbiculariae
contains the cribellate Deinopoidea. This argument is based on
minimizing homoplasy in the transformation series for the
cribellum. Although most arachnologists agree it has been lost
more than once, we must still prefer hypotheses that minimize
the number of losses, all other evidence being equal. Several
proposed suprafamilial groups in spiders contain both cribellate
and ecribellate taxa (Lehtinen, 1967, 1986; Forster 1970;
Forster and Wilton, 1973; Levi, 1982a; Forster et al., 1987).

None of them have a cribellate lineage located deep within an
ecribellate clade, whether inferred from an explicit cladogram
(of which there are, admittedly, very few), or merely from
nomenclatural ranking. This unlikely instance is illustrated in a
general way in Figure la, which is the more likely scenario
(that is, loss of the cribellum being irreversible), but I know of
no examples among spiders. Figure \b illustrates the transfer of
Filistatidae to either liphistiomorphs or mygalomorphs by
Lehtinen (1986). The hypothesis entails the independent
evolution of the cribellum. The evidence against this notion
seems overwhelming, because of the complexity of the
cribellum (Figures 2, 3). Although the case represented by
Figure \b is conceivable, we have no evidence to prefer this
more complex scenario in the case of orb weavers; and so I set
it aside until the unlikely event that evidence supporting it
should appear.

The possibility remains that the sister group to orb weavers
is entirely ecribellate, and that its stem taxon lost the cribellum
independently. This would require a new instance of the loss of
the cribellum and would add more homoplasy to the overall
araneomorph cladogram. Even though the cribellum has been
lost several times, there is no reason to hypothesize unneces-
sary additional losses, especially in the stem lineages of large
taxa. One guesses, therefore, that the sister group to orb
weavers probably involves other relatively generalized cribel-
late taxa.

The question then becomes which cribellate taxa are most
likely to harbor the sister taxon or, alternatively, what
suprafamilial phylogenetic hypotheses involving cribellates,
formulated on the basis of explicit synapomorphy schemes, are
at hand? Several authors have proposed such schemes:
Wunderlich (1987), Lehtinen (1978,1980,1986), Forster et al.
(1987), Forster (1970), Forster and Wilton (1973), and Homann
(1971). Because the hypotheses of Wunderiich (1987) focus
primarily on relationships within Araneoidea, it makes more
sense to discuss them after a review of araneocladan
phylogeny. Araneoclada are araneomorph spiders exclusive of
the "hypochiloids," e.g., Hypochilidae, Gradungulidae, and
Austrochilidae (Forster et al., 1987).

Lehtinen (1967, 1978, 1980, 1986) has repeatedly empha-
sized his view that three basic groups of spiders exist: his
Araneomorpha (very different from Araneomorphae); his
Amaurobiomorpha; and his Theraphosomorpha. Because Leht-
inen's Araneomorpha is virtually the same as the classical
Araneoidea, the existing synapomorphy argument for Araneoi-
dea probably applies (Coddington, 1986a, fig. 12.26).

In a like manner, Lehtinen's Amaurobiomorpha is basically
the old Araneomorphae, less the monophyletic Araneoidea, and
those groups he transferred to the polyphyletic Theraphoso-
morpha. Lehtinen has provided no credible synapomorphies for
Amaurobiomorpha. Indeed, insofar as the Amaurobiomorpha is
only a haphazardly diminished Araneomorphae, current evi-
dence suggests that it is a paraphyletic miscellany (Figures 3,
108).


