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ABSTRACT

Griswold, Charles E. Investigations into the Phylogeny of the Lycosoid Spiders and Their Kin
(Arachnida: Araneae: Lycosoidea). Smithsonian Contributions to Zoology, 539, 39 pages, 87
figures, 4 tables, 1993.—The phylogenetic relationships of spider families classically placed in
the superfamily Lycosoidea, which possess a grate-shaped tapetum in some or all of the indirect
eyes, are examined through exemplar taxa scored for 68 classical or newly elaborated characters.
A derived calamistrum, which forms an oval to rectangular patch, is considered a synapomorphy
uniting the Lycosoidea and several other genera formerly placed in the Tengellidae and
Miturgidae. In the resulting analysis the Lycosoidea are shown to be monophyletic and the
Tengellidae and Miturgidae polyphyletic. The Senoculidae, Oxyopidae, Stiphidiidae, and
Psechridae form a monophyletic group. The monophyly of the Lycosidae, Trechaleidae
(including Rhoicininae), Pisauridae plus Dolomedidae, and Zoropsidae are confirmed, whereas
monophyly of the Ctenidae, Machadoniinae, and Uliodoninae are called into question.
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Investigations into the Phylogeny
of the Lycosoid Spiders and Their Kin
(Arachnida: Araneae: Lycosoidea)

Charles E. Griswold

Introduction

This higher classification study had as its impetus a
revisionary and phylogenetic analysis of the genera Ma-
chadonia and Phanotea, diverse but poorly known cursorial
spiders from the cool-temperate forests of southern Africa. The
taxonomic placement of these genera has never been stable.
Most recently Lehtinen (1967) considered them (along with the
genera Campostichomma and Devendra from Sri Lanka) to
comprise his subfamily Machadoniinae of the Miturgidae, but
the reasoning behind the association with the miturgids was not
clear, and recent efforts to define the Miturgidae on the basis of
synapomorphies (Platnick, 1990) suggested that the inclusion
of the Machadoniinae was without basis. A possible key to the
affinities of the Machadoniinae came in the discovery of a
hitherto unreported leg character: a subbasal suture in the leg
tibiae of males (Figures 3, 4) along which the legs of preserved
specimens were frequently broken. Survey of the literature
(Roth and Roth, 1984) and a large number of spider families
revealed that this feature has a very restricted distribution: in
the four machadoniine genera as well as a few obscure taxa
placed by Lehtinen in his Miturgidae Uliodoninae (i.e.,
Raecius, Uduba, and Zorodictyna). Discovery of an apparently
identical structure on the tibiae of male Zoropsis suggested that
this “tibial crack” might be a synapomorphy for the family
Zoropsidae. On the basis of a grate-shaped tapetum in the
indirect eyes, Zoropsis was placed by Homann (1971) in a
monophyletic group including the Lycosidae (Lycosoidea,
sensu Levi, 1982b), and discovery of a similar grate-shaped
tapetum in Machadonia appeared to corroborate the group
characterized by the tibial crack. Subsequent discovery that
Uduba has the more primitive canoe-shaped tapetum, and that
Takeoa, which is arguably the closest relative of Zoropsis,
lacks the tibial crack, revealed that the situation was not so

Charles E. Griswold, Department of Entomology, California Academy
of Sciences, Golden Gate Park, San Francisco, CA 94118.

simple. Once again understanding spider phylogeny was seen
to be, as succinctly put by Coddington and Levi (1991:575),
“not so much a question of finding characters as it is of
allocating homoplasy.”

Understanding the relationships of Zoropsis, the Ma-
chadoniinae, and other taxa (i.e., Raecius, Uduba, and
Zorodictyna) with the tibial crack required consideration of
other higher taxa potentially linked to these by synapomor-
phies. The occurrence of a grate-shaped tapetum in Zoropsis
and Machadonia necessitated inclusion of all families for
which a grate-shaped tapetum had been unambiguously
recorded: Acanthoctenidae, Ctenidae, Dolomedidae, Lycosi-
dae, Oxyopidae, Pisauridae, Psechridae, Senoculidae, St-
iphidiidae, and Zoropsidae (Homann, 1971). A third potential
synapomorphy was the nature of the calamistrum. A narrow,
linear calamistrum, consisting of one or two rows of curved,
laterally serrate setae (Foelix and Jung, 1978) occurs at all
levels of the Araneomorphae. A calamistrum consisting of an
oval to rectangular patch of typical calamistral setae (Figure 1)
exhibits a restricted distribution in, and is potentially a
synapomorphy for, a small group of entelegyne Araneoclada
(for Araneoclada see Platnick, 1977). Such a calamistrum is
found in most cribellate lycosoids (Acanthoctenidae; Zoropsi-
dae; Psechridae (the rectangular psechrid calamistrum, de-
scribed as having several rows, is not significantly different
from those of acanthoctenids and zoropsids: e.g., Courtois,
1911, figs. 9a,b, 10a—c)), but not in stiphidiids; cribellate
members of Lehtinen’s “Miturgidae Uliodoninae” (Raecius,
Uduba, and Zorodictyna), and the genera Tengella and
Zorocrates. In sum, possession by a higher taxon of a male
tibial crack, grate-shaped tapetum, oval calamistrum, or any
combination thereof, mandated inclusion in the study. Finally,
of potential significance is a new character described herein: a
set of interlocking lobes on the tegulum and subtegulum. The
tegulum has a promarginal lobe on its dorsolateral surface
which interlocks with a corresponding lobe on the subtegulum
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FIGURES 1-6.—1, 6: Zoropsis spinimana, Vernet-les-Bains, France; 2: Machadonia punctata, Karkloof, South
Africa; 3, 4: Phanotea new species 1, Stormsrivier, South Africa; 5: Campostichomma manicatum, Matruata and
Kandy, Sri Lanka (1, calamistrum; 2, trochanter of leg IV; 3, male leg tibia, showing depressed area of weakness
corresponding to tibial suture (arrow); 4, male leg femur, patella and tibia: tibia broken at tibial suture; 5, tarsus
1, showing pretarsal claw; 6, tarsus I, showing lateral tufts).

(Figures 9, 19, 25) in the unexpanded bulb. Such lobes are
found in Tengella, Raecius, Zorodictyna, the Zoropsidae and
Ctenidae, Devendra, Machadonia, and most Phanotea, and at
least in Psechrus in the Psechridae. The distribution of this

character has not been widely surveyed, in part because
expansion of the bulb may be necessary to reveal the presence
of lobes. In some (but not all) species of Agroeca (Liocranidae)
there is a promarginal lobe on the subtegulum (without a



NUMBER 539

corresponding lobe on the tegulum). This mechanism has not
been observed in the Amaurobiidae. This character, occurring
in both taxa with canoe-shaped and grate-shaped tapeta, is
another potential synapomorphy uniting the Lycosoidea and
their near relatives.

TAXA

The terminal taxa are exemplars, embodying the actual
character states exhibited by a given species rather than a
hypothetical ground-plan for the higher taxon. While it might
be argued that a higher classification study should deal
primarily with higher taxa summarized as ground-plans, and
that consideration of exemplars instead might actually misrep-
resent primitive character states for those taxa, I feel that
hypothesizing primitive states for a suite of taxa as little known
and as poorly defined as many treated here would be premature.
Hypothesizing the ancestral states of characters for a higher
taxon amounts to optimizing those characters to the basal node
of a cladogram for that higher taxon, the results of which are
often ambiguous and are highly dependent on the distribution
of character states among terminals and their interrelationships.
As Maddison, Donoghue, and Maddison (1984) pointed out,
the primitive state of a character for a higher taxon (i.e., that
state optimized at the “ingroup node”) is also highly dependent
on the cladistic structure of the outgroup. Explicit phylogenetic
hypotheses regarding the ingroup structure of higher taxa
treated here are available only for the Lycosidae (Dondale,
1986), and therefore suggestion of primitive states for
characters in the other higher taxa amounts to little more than
guesswork or worse, wishful thinking. The use of exemplar
species, on the other hand, uses only real data, and at least
serves to frame hypotheses of homology and character
evolution to be tested as the higher taxa become better
understood. In those cases in which the limits of higher taxa are
as yet dubious, the relationships suggested for exemplars
should hold at least for monophyletic groups including the
exemplar. Insofar as the exemplars truly represent their higher
taxa, the set of interrelationships suggested should ultimately
hold for those taxa. Choice of exemplars to reflect the
basonyms of higher taxa insures that conclusions based on
exemplars will be relevant to those higher taxa, regardless of
subsequent relimitation. The probability of erroneously misrep-
resenting a poorly known higher taxon through an exemplar
seems less than the probability of hypothesizing an erroneous
ground plan. In short, judicious choice of exemplars in
phylogenetic studies of poorly understood higher taxa effects
the best compromise between observation and hypothesis.

Included Taxa

Except for Zoropsidae, familial placement follows Platnick,
1989.

AMAUROBIIDAE.—Rhoicinus was placed in the new subfam-
ily Rhoicininae of the Amaurobiidae by Lehtinen (1967), but is
almost certainly misplaced in that family (see definition of
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Amaurobiidae in Griswold, 1990). Rhoicinus has long been
known to resemble the lycosids in carrying the egg sac attached
to the spinnerets (Simon, 1898). The grate-shaped tapetum
(Homann, 1971; pers. obs.) mandates inclusion.

CTENIDAE.—Except for a core of genera characterized by 2
claws, claw tufts, and the 2-4-2 arrangement of the eyes, the
limits of this family have been fluid. The grate-shaped tapetum
occurs in at least two pairs of eyes (Homann, 1971; pers. obs.),
and in cribellate representatives (e.g., Acanthoctenus) there is
an oval calamistrum. I have included a cribellate Acan-
thoctenus and a doublet of classical, ecribellate ctenid genera:
Ctenus and Phoneutria.

DOLOMEDIDAE.—This family, proposed by Lehtinen (1967)
for some members of the traditional Pisauridae, has never been
clearly defined and is of dubious validity (Brignoli, 1983:465).
Sierwald (1989, 1990) has studied the male and female
genitalia of several representatives of the classic Pisauridae,
including Dolomedes. At least Dolomedes has a grate-shaped
tapetum (pers. obs.). A representative of the type genus,
Dolomedes, was chosen.

LYCOSIDAE.—This family, nominate taxon of the Lycosoi-
dea, comprises ecribellate spiders with grate-shaped tapeta
(Homann, 1971; pers. obs.) and highly modified ocular regions.
Uniquely among the families considered here, a cladogram for
the major subgroups has been proposed (Dondale, 1986). In an
effort to encompass the diversity of the family, I have chosen
exemplars from the most plesiomorphic (Sosippus placidus,
Sosippinae) and one of the most derived (Lycosa helluo,
Lycosinae) subfamilies.

MITURGIDAE.—Proposed by Lehtinen (1967) without clear
argumentation, the limits of this family may change greatly
after careful phylogenetic consideration of included taxa. Taxa
treated herein were placed by Lehtinen in his subfamilies
Machadoniinae and Uliodoninae. The ecribellate Ma-
chadoniinae (Campostichomma, Devendra, Machadonia, and
Phanotea) all have the male tibial crack, and at least
Machadonia has the grate-shaped tapetum (tapeta were not
observed in Campostichomma and Devendra, and the tapetum
of Phanotea appears to be derived from the grate-shaped type).
Among the Uliodoninae the cribellate Raecius, Uduba, and
Zorodictyna have the male tibial crack and oval calamistrum (at
least Uduba retains the canoe-shaped tapetumn). The ecribellate
Uliodon lacks the male tibial crack, but at least Uliodon
tarantulinus has a grate-shaped tapetum, more elaborately
folded than that of Stiphidion, in the ALE and PER, and
accordingly is included in the study.

OXxYOPIDAE.—This ecribellate family is recorded as having
a grate-shaped tapetum (Homann, 1971), although the reflect-
ing structure of the tapetum is lost. The neotropical genus
Tapinillus, which is known to build webs for prey capture
(Griswold, 1983; Mora, 1986) and may therefore be a primitive
representative of the family, was chosen as exemplar.

PISAURIDAE.—The grate-shaped tapetum (Homann, 1971)
mandates inclusion of Pisaura, the type genus of the family.
Sierwald (1989, 1990) has studied the male and female
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FIGURES 7-10.—7, 9, 10: Phanotea new species 1, Stormsrivier, South Africa; 8: Machadonia robusta, Table
Mountain, South Africa (7, male cymbium, dorsal, showing scopulate patch; 8, prolateral view of embolus; 9,
prolateral view of bulb showing interlocking lobes; 10, embolic apex, prolateral view). (Abbreviations: C =
conductor, E = embolus, ED = dorsal division, EV = ventral division, MA = median apophysis, ST = subtegulum,
T = tegulum.)

genitalia of several representatives of the classic Pisauridae.  other members of the Trechalea-genus group, Trechalea has a
Trechalea was discussed by Sierwald (1990) as a member of  well-developed grate-shaped tapetum (pers. obs.) and carries
the Trechalea-genus group of the classical Pisauridae. Like  the egg sac attached to the spinnerets (Sierwald, 1990; pers.
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obs.). Carico (1986:305) suggested that Trechalea and some
related genera might comprise a separate family.

PSECHRIDAE.—This family exhibits both the grate-shaped
tapetum (Homann, 1971) and oval calamistrum. Representa-
tives of both classical genera, Psechrus and Fecenia, were
included.

SENOCULIDAE.—This monogeneric ecribellate family is
reported by Homann (1971) to have the most elaborately
folded, grate-shaped tapetum. A representative of Senoculus is
included.

STIPHIDIIDAE.—Homann (1971) considered the tapetum of
the PME of Stiphidion grate shaped, although the lateral folds
of the tapetum are very shallow (Homann, 1971, fig. 32D). A
calamistrum consisting of a single row of setae is anomalous
among the cribellate taxa treated herein.

TENGELLIDAE.—An oval calamistrum mandates inclusion of
the two cribellate members this family, Tengella and Zoro-
crates, which otherwise have the primitive canoe-shaped
tapetum (Homann, 1971; pers. obs.) and lack the tibial crack.

ZOROPSIDAE.—Lehtinen (1967) synonymized the classic
Zoropsidae with the Zoridae (but inappropriately used the
latter, younger name). Levy (1990) reestablished the Zoropsi-
dae as a separate family. Zoropsis has the grate-shaped tapetum
(Homann, 1971; pers. obs.), oval calamistrum (Figure 1), and
male tibial crack. Takeoa has the grate-shaped tapetum (pers.
obs.) and oval calamistrum, but lacks the male tibial crack.

Taxa Excluded or Not Considered

A number of taxa have previously been considered to be
related to one or more of the taxa listed above. These have not
been considered here because critical examination revealed that
they share no putative synapomorphies with the included taxa,
they are too little known to provide the full suite of character
data, or because investigation of the controversy regarding their
placement would have greatly increased the scope of the study.
Lehtinen (1967) placed the Homalonychidae in his Pisauroidea
(along with Oxyopidae, Pisauridae, and Senoculidae). The
ecribellate Homalonychus lacks the male tibial crack and has
only canoe-shaped tapeta (Homann, 1971). Lehtinen (1967)
placed the Cycloctenidae, Selenopidae, and Zoridae in his
Lycosoidea (along with Ctenidae, Dolomedidae, and Lycosi-
dae). Homann (1971) rejected these conclusions, placing
Cycloctenus with Selenops in the Selenopidae, and suggesting
that these taxa were not related to the Lycosoidea. Placement of
Zoropsis and Takeoa in the Zoridae by Lehtinen (1967) implies
that Zora, type genus of that family, should be considered in
this study. But the ecribellate Zora has neither the male tibial
crack (pers. obs.) nor the grate-shaped tapetum (Homann,
1971), suggesting that the classic zoropsids are misplaced in
the Zoridae. Zora possesses none of the provisional synapo-
morphies necessary for inclusion in this analysis, and will not
be considered further. Levi (1982b) included the Toxopidae in
his Lycosoidea. The eyes have a typical canoe-shaped tapetum
covering rhabdoms folded in a grate-shaped manner. The
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tapetum is not truly grate shaped, and therefore I do not
consider the toxopids further. Phanotea natalensis Lawrence,
P. latebricola Lawrence, and P. simoni Lawrence have long
been unique among species assigned to Phanotea in lacking
teeth on the female epigynum (Lawrence, 1951, fig. 1a,d; 1952,
fig. 72) and having a convex, hook-like median apophysis on
the male palp (Lawrence, 1951, fig. 1b). These species do not
appear to have the grate-shaped tapetum, and the male of P.
natalensis and newly discovered male of P. latebricola both
lack the male tibial crack. Phanotea natalensis, P. latebricola,
and P. simoni are hereby excluded from Phanotea and not
considered further. Gray (1973) described the genus Janusia
from a cave in southern Australia and noted its resemblance to
Phanotea. As this interesting ecribellate taxon is eyeless and
known only from the female, it is currently impossible to
consider eye, calamistrum, or male characters that might
suggest affinities. The only taxon reported to have a grate-
shaped tapetum that is not represented in the matrix is the
Thomisidae, considered by Homann (1975) to be the sister-
group of Lycosoidea (comprising Lycosidae, Senoculidae, and
Oxyopidae). Other than possible homology in tapetal form,
there is little to suggest inclusion of the thomisids. They are
ecribellate (therefore the form of the calamistrum in their
cribellate ancestors is unknown), and they lack the male tibial
crack, deep trochanteral notch, and interlocking lobes on the
tegulum and subtegulum characteristic of a large (and
presumably monophyletic) group including families with and
without the grate-shaped tapetum. To consider Thomisidae to
be the sister-group of the Lycosoidea, which includes cribellate
members, is to require yet another independent loss of the
cribellum. Evidence from palp structure (Loerbroks, 1984)
suggests that thomisids are related to Salticidae. Levi (1982b)
placed the thomisids in their own superfamily (along with the
aphantochilids), and Coddington and Levi (1991) placed the
Thomisidae in the Dionycha on the basis of claw tufts. The
indications regarding the affinities of the Thomisidae are
conflicting: comprehension of their potential relationship to the
Lycosoidea will require investigation of the several other
families placed in the Dionycha, a task far beyond the scope of
this study.
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Materials and Methods

SPECIMEN CHOICE.—Exemplar species were chosen primar-
ily for the ready availability of specimens for dissection and
SEM preparation. Whenever possible, the type species of the
type genus of the higher taxon was chosen, but completeness of
the data set was paramount in each case. Doublets of several
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higher taxa (e.g., Ctenidae, Lycosidae, Psechridae, Zoropsidae,
Devendra, Machadonia, Phanotea, Uduba) were included to
allow an assessment of both the monophyly of these taxa and
the behavior of the characters traditionally serving for their
diagnosis. Exemplar taxa, their voucher specimens (with
collection data and deposition), and higher categories that they
represent (following Platnick, 1989) are listed in Table 1.
Terminology for parts of the vulva follows Sierwald (1989).
Abbreviations for morphological terms used in text and figures
are explained in Table 2. Throughout the text references to
figures from other papers are noted in lower case (fig.), whereas
references to figures accompanying this paper are capitalized
(Figure).

SPECIMEN PREPARATION.—Male palpi were expanded for all
taxa except those represented by unique types. Palpi were
expanded by immersing them overnight in a weak, watery
solution of potassium hydroxide (KOH) and transferring them
to distilled water where expansion continued. Palpi were
transferred back and forth between KOH and distilled water
until expansion stopped. Female genitalia were excised from
the abdomen, cleaned in a solution of trypsin and water, and
illustrated. Palpi and vulvae were examined in alcohol and in
lactic acid. Subsequently, to allow examination of internal
structures, vulvae were bleached through brief immersion at
room temperature in a 5.25% Sodium Hypochlorite solution
(regular CLOROX® household bleach; this does not constitute
Institutional endorsement of this product). Bleaching provided
rapid, excellent clearing of even the most heavily sclerotized
genitalia with no apparent distortion of features. Vulvae were
then stained lightly with Chlorazol Black, temporarily mounted
in lactic acid, and examined with a compound microscope.
Prior to SEM (scanning electron microscope) examination
structures were cleaned in an ultrasonic cleaner: palpi and
female genitalia were critical point dried, other structures were
air dried. The preferred method of examining the tapetum was
by microscopic examination of live or freshly dead specimens.
The tapetum, a shiny reflective surface, remains clearly visible
for 24-48 hours after a spider’s death (after this time the retina
becomes cloudy, obscuring the details of the tapetum). When
live material was not available, preserved specimens were
prepared by removing the chelicerae and most of the
musculature from the anterior part of the cephalothorax. The
cephalothorax was immersed in lactic acid for 1-5 hours.
Frequently the retina cleared and details of the tapetum became
visible, though, for unknown reasons, this was not always
successful. If a tapetumn was oval bisected by a straight dark line
it was considered canoe-shaped (Homann, 1971, figs. 10A,
27B, 32A). The grate-shaped tapetum is a complex structure in
which the rhabdoms are bilaterally arranged in a folded row
that penetrates the tapetum (Homann, 1971), giving the shiny
tapetum an appearance like that of a fireplace grate or barbecue
grll. It is this complexly folded structure that causes the
“sparkling” eyeshine of lycosids, pisaurids, and other Lycosoi-
dea. I have not been able to examine the morphology of the
retina: if the tapetum had the appearance of a folded grate,






