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Morphology and Ontogeny of Female
Copulatory Organs in American Pisauridae,

with Special Reference to Homologous
Features (Arachnida: Araneae)

Petra Sierwald

Introduction

In most newer taxonomic studies in spiders, the female
copulatory organs are well illustrated. However, the descrip-
tions, drawings, and the labelling of drawings often lack
details, such as the exact trajectories of ducts, the position of
the copulatory opening, and detailed studies on the structure
of spermathecae. Gering (1953:36) stated that a study on the
female copulatory system of spiders is urgently needed, "with
at least an effort at standardization of terminology."

Gering's statement is still valid. There are only a very few
studies available that combine detailed morphological data of
the female copulatory organs with discussions on homologous
features. A small number of studies were done early this
century by JSrvi (1905, 1912), Engelhardt (1910), Osterloh
(1922), Petrunkevitch (1925), and Blauvelt (1936) on selected
groups of spiders. More recent examples include Gering's
study on some Agelenidae (1953), Wiehle's work (1967) on
Meta segmentata (Clerck, 1758) and Baum's publication on
Oecobiidae (1972).

The lack of knowledge about the homologous status of
characters hampers the use of these organs for reconstructing
phylogeny, since the distinction between primitive and derived
character states can be applied to homologous structures only
(for a recent discussion see Patterson, 1982). The present study
is an attempt to collect morphological data on the female
copulatory organs, allowing a comparative analysis in order
to homologize structures of these organs between genera. The
American pisaurid genera are used here as an example. The
study is restricted to those genera that build a nursery-web as
parental care. The nursery-web is prosposed to define a
monophyletic unit. Therefore, a number of South American

Petra Sierwald, Delaware Museum of Natural History, P. O. Box
3937, Wilmington, Delaware 19807.

genera, usually assigned to the Pisauridae are excluded (see
Carico, 1986).

The following criteria were applied to reach decisions on the
homologous status of features: (a) criterion of position, and (b)
criterion of special similarity (Remane, 1956; Wiley, 1981:
130-138). This study is the first to use the ontogeny of the
female copulatory organs in several pisaurid species in order
to recognize parts of the mature copulatory organ as being
either homologous or nonhomologous by comparing their
ontogenetic development, since "the mode of development
itself is the most important criterion of homology" (Nelson,
1978:335). Furthermore, ontogenetic evidence can facilitate
the polarization of characters.

In many groups of spiders, subadult females possess
immature stages of their copulatory organs. These primordial
stages appear in the body wall of the opisthosoma directly
above the epigastric furrow. They are visible as small
sclerotized spots of various shapes. Despite their common
occurence they have never been studied in detail nor have they
been described in taxonomic monographs.

As a result of the present study, certain terms formerly
applied to parts of the female copulatory organs are newly
defined according to homologies proposed herein. The data
obtained herein are used to discuss JSrvi's (1908) hypotheses
on homology of certain parts in the female copulatory organs.
Recently, Forster (1980) and Forster and Platnick (1985)
suggested possible evolutionary pathways leading to the
formation of receptaculate genitalia in female entelegyne
spiders. Their proposed theories are also discussed on the basis
of the results of the present study.
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Material and Methods

MATERIAL.—For the present study, the structure of the
mature female organs of the following taxa were analyzed:
Dolomedes scriptus Hentz, 1845, (Lynchburg, Virginia;
USNM); D. tenebrosus Hentz, 1843, (Washington, D.C;
USNM); Pisaurina mira (Walckenaer, 1837), (Lynchburg,
Virginia; USNM); Tinus peregrinus (Bishop, 1924), (Mexico,
Nuevo Leon, Linares, July 1956; AMNH); Thaumasia cf. velox
Simon, 1898 (Brazil, Mato Grosso; MNHN Boc. 2047b No.
11775; use of the name T. velox has to be regarded as
provisional); Architis tenuis Simon, 1898 (Colombia, Meta,
Puerto Lopez; MCZ); A. nitidopilosa Simon, 1898 (Peru, Tingo
Maria; AMNH; del. A. tenuis by Carico), and Staberius
spinipes (Taczanowski, 1873) (Peru, Pucallpa, Nov. 1946;
AMNH).

The results were compared with the literature on the
morphology of these organs in other species of the same
genera. Data on the ontogeny of the female copulatory organs
of the following species were obtained in the course of this
study: Dolomedes scriptus, D. triton (Walckenaer, 1837), D.
vittatus Walckenaer, 1837, D. okefinokensis Bishop, 1924, D.
tenebrosus, Pisaurina mira, Tinus peregrinus, and Thaumasia
cf. velox. Data on the anlagen of the female copulatory organs
in Thalassius rubromaculatus Thorell, 1899, and Thai,
spinossisimus (Karsch, 1879) are included in the study (see
Sierwald, 1987).

Juvenile specimens of Dolomedes scriptus, D. triton, D.
tenebrosus, and Pisaurina mira were collected in Washington,

D.C, and Lynchburg, Virginia. The animals were reared in the
laboratory and fed daily with small crickets and fruit flies.
Their exuviae were collected in order to obtain complete series
of all primordial stages, thus allowing the study of the course
of development The exuviae were preserved in 75% ethanol.
In addition, late primordial stages in other Dolomedes species
mentioned above, and in Thalassius Simon, 1885, in Tinus
peregrinus (Mexico, Nuevo Leon, Linares; AMNH) and in
Thaumasia cf. velox (Panama, Barro Colorado Island; USNM)
are included in the study.

METHODS.—Parts of the body wall containing the anlagen
were mounted temporarily in Hoyer's mounting medium to
prepare camera lucida drawings of the pre-epigyna. The
anlagen were then mounted on stubs to study the pre-vulvae
in the scanning electron microscope (Cambridge Stereoscan
100, Hitachi 570). No cleaning of the anlagen obtained from
exuviae was necessary. To mount the delicate early stages on
the stubs, the following method proved to be successful: A
round glass cover slip of appropriate site was glued on the stub
with conductive carbon paint. After drying, the glass cover slip
was covered with an adhesive film ("sticky tabs"; Ernest
Fulham, Inc., Latham, New York 12110). A small drop of
water was placed on the stub. The specimens were floated onto
the water surface ventral side down, where they spread out.
After evaporation of the water the specimens adhered to the
stub. Specimens of later stages and mature organs were glued
onto the stub using water soluble household glue. The
specimens were then air dried for 24 hours.

To scan mature organs some animals were fixed as they
molted to adulthood. At this stage various parts of the vulvae
are often not yet heavily sclerotized (as observed in Thalassius
spinosissimus; see Sierwald, 1987). The tissue was removed
from dissected genitalia by soaking in a Trypsin solution (pinch
of Trypsin in 10 ml water). The use of potassium hydroxide
(KOH) is not recommended for this purpose, because it was
found to damage the surface of spermathecae and other
chitinous parts. However, KOH, as well as clove oil, were used
to clear darkly sclerotized structures. To trace the trajectories
of the ducts in the vulvae, the specimens were dried in air for
a few minutes. After subsequent submersion in Hoyer's, the
air in the ducts reflects light, thus allowing their course to be
traced (recommended by Carico, pers. comm.).

DEFINITIONS, ABBREVIATIONS, AND TEXT CONVENTIONS

DEFINITION OF TERMS.—In the following, the term epigynum

refers to the external parts, and the term vulva to the internal
parts of the female copulatory organ. The German term
"anlage" (plural anlagen) is used to refer to actual structures
of the primordial stages, e.g., anlage of spermatheca. Anlagen
of the epigynum and of the vulva are called pre-epigynum and
pre-vulva, respectively (regardless of stadium). Atrium refers
to a widened cavity that leads into the copulatory ducts or
directly into the spermathecae. Copulatory duct describes that
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part of the duct that connects the copulatory opening with the
spermatheca. Fertilization duct defines that part of the duct
that connects the spermatheca with the uterus externus. In the
description of the groundplan of the female copulatory organs
in Pisauridae new terms to name different parts of the
spermatheca will be introduced herein. For further discussion
and evaluation of terms used to describe female copulatory
organs in spiders see Gering (19S3) and Bhatnagar and Rempel
(1962).

ABBREVIATIONS.—With examples of equivalent terms used
by other authors, whose papers are cited in this study:

a b accessoiy bulb (used by Carico and Holt, 1964)
at atrium (used by Carico and Holt, 1964)
bs base of spermatheca
cd copulatory duct (Carico and Holt, 1964: bursa copulatrix; Engelhardt,

1910, Wiehle, 1967: Einfuhnmgsgang; Osterloh, 1922: Begat-
tungsgang, Begattungskanal; Bertkau, 187S: Einfuhrungskanal)

co copulatory opening (Engelhardt, 1910, Wiehle, 1967: Einfuhiungsofmung;
Osterloh, 1922: Eingangsoffnung; Jarvi, 1905: Paarungsoffnung)

epf epigynal fold (used by Jarvi, 1905: epigyneale Furche (epigynal
furrow))

fd fertilization duct (Strand, 1906: Samenkanal; Engelhardt, 1910,
Osterloh, 1922, Wiehle, 1967: Befruchtungsgang, Befnichtungska-
nal)

h hood
hs head of spermatheca
Urn external, inner lateral margin of the epigynal fold
11 lateral lobes, area lateral to the outer, lateral margins of the epigynal

folds, often vaulted
mf middle field between the lateral lobes (Jarvi, 1905: Septum)
olm external, outer lateral margin of the epigynal fold
s spermatheca (Engelhardt, 1910: Receptaculum seminis, Samenbehalter,

Strand, 1906, Bertkau, 1875: Samentasche; Osterloh, 1922:
Receptaculum)

ss stalk of spermatheca

All references to figures presented in this paper are made
using "Figure/Figures"; references to figures in other papers
are abbreviated with "fig." Terms used by other authors to
describe parts of the female copulatory organs are added in
parentheses and quotation marks to facilitate use of the cited
text.

Review of Previous Studies on the Ontogeny
of Female Copulatory Organs

So far, primordial stages of the female copulatory organs
have been mentioned and partly described for single species
in Agelenidae (Strand, 1906), Theridiidae (Bhatnagar and
Rempel, 1962), Lycosidae (Sadana, 1972), Psechridae (Levi,
1982), and Ctenidae (Lachmuth et al., 1985). A more detailed
description of the primordial stages of female copulatory
organs is available only for several species of the pisaurid
genus Thalassius (Sierwald, 1984, 1987).

The ontogenetic development of the female copulatory
organs has been described for three species only, Agelena
labyrinthica (Clerck, 175%),Latrodectus curacaviensis (Miiller,

1776), and Lycosa chaperi Simon, 1885. The three studies
were done by Strand, Bhatnagar and Rempel, and Sadana,
respectively. They used reared material of different stages and
employed mainly histological sections to observe the develop-
ment. These three species belong to three different and not
closely related families. To date, the available data are
fragmentary and sporadic, and do not allow conclusions on
phytogeny.

Strand (1906) gave the first account of the existence of
primordial stages of the female copulatory organ in the
funnel-web spider (Agelenidae) Agelena labyrinthica. He
studied primarily the development of ovaries and testes and
their ducts in spiderlings shortly before hatching from the eggs
until the second post-embryonic stage using histological
methods. Additionally, he studied antepenultimate and penulti-
mate instars. He (1906:527, pi. 8: fig. 15) found ectodermal
primordial stages of the copulatory organs ("das Scheidensys-
tem, die Samentaschen und die Epigyne (Vulva)") in sections
of antepenultimate and penultimate instars. In the antepenulti-
mate instar, the spermathecae and their lumina were already
developed; the fertilization duct was not yet formed. According
to his studies there were no major developmental changes in
the following instar.

Bhatnagar and Rempel (1962:489, figs. 56-62) studied the
development in the cobweb spider (Theridiidae) Latrodectus
curacaviensis. They found four primordial stages starting from
the fourth instar. The first stage consists of a pair of
imaginations formed by the hypodermal cells. This first anlage
is situated internally in the anterior uterine wall, immediately
in front of the opening of the uterus externus. In later
development, the two imaginations deepen and each of them
develops a ventral and dorsal lobe. The ventral lobes will form
the "bursae copulatrices" (= copulatory ducts), the dorsal lobes
will become the spermathecae. The fertilization ducts appear
in the fifth (preantepenultimate) instar. From the sixth
(antepenultimate) instar onward, the anlage shifts gradually to
its mature ventral external position. Maturity is achieved in the
eighth instar.

Sadana (1972) conducted a similar histological study on the
post-embryonic development of the epigynum and vulva of the
wolf spider (Lycosidae) Lycosa chaperi, but he included
illustrations of the complete anlage in different stages in ventral
and dorsal views. The first primordial stage, visible externally,
appears in the seventh instar just above the epigastric furrow.
The author described the anlage as a pair of horseshoe-shaped
sclerotized thickenings of the body wall. In the posterior part
of those sclerotized thickenings, two invaginations occur. Each
sclerotized thickening enlarges and encloses a weakly scle-
rotized central area. The epigynal folds originate from these
weakly sclerotized areas encircled by the sclerotized thicken-
ings in the eighth (preantepenultimate) instar. In later
development, through the adult 11th instar, the invaginations
will form the different sections of the spermathecae (called
"spermatheca sp 1-sp 4"). Sadana observed that the fertiliza-
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tion ducts develop in the ninth (antepenultimate) instar: Two
simultaneous invaginations, one from the wall of the uterus
externus and the other from the wall of the spermatheca 1, will
fuse, thus forming the fertilization duct It is possible that the
posterior part of the epignal fold was slightly curved in the
penultimate stage. In this case the fertilization duct would have
appeared twice in sagittal sections, thus Sadana's observation
would be an artifact.

Levi (1982:115, figs. 29, 36, 83) and Lachmuth et al.
(1985:338, fig. 5) illustrated the pre-epigyna of Psechridae and
Ctenidae respectively, based on museum material. Lachmuth
et al. distinguished seven different stages in Cupiennius salei
(Keyserling, 1877).

For several species in the genus Thalassius, two different
primordial stages of the female copulatory organs were found
in museum material (Sierwald, 1984,1987). The anlagen were
cut out and the tissue was removed. The anlagen were studied
mainly with light microscopy, and some with SEM. Illustra-
tions of the anlagen in dorsal and ventral views were presented.
The anlagen of the sper mathecae were identified in antepenulti-
mate and penultimate instars. In the rubromaculatus species-
group, the anlage of a saccate process of the fertilization duct
was identified in penultimate instars. Females of Thalassius
spinossisimus preserved during or immediately after their final
molt do not possess a fully-developed fertilization duct
(Sierwald, 1987, figs. 21-24).

Bhatnagar and Rempel, and also Sadana detected develop-
mental changes within each instar for Latrodectus curacavien-
sis and Lycosa chaperi. The present study observes only the
changes from one instar to the other, because the exuviae were
used. The advantage of this method is that the entire, intact
anlage can be viewed and studied. Furthermore, use of the
scanning electron microscope allowed the identification of
certain areas by their surface texture. Additionally, complete
series of all primordial stages of single individuals could be
studied, thus allowing the comparison of development among
different individuals and the detection of variablity in the
developmental pattern.

Ground plan of the Female Copulatory Organs
in Pisauridae

This study resulted in a groundplan (basic arrangement of
elements) of pisaurid female copulatory organs that can be
applied to all genera studied in the family so far. Therefore,
terms used herein refer to organs or parts of organs that are
here proposed to be homologous.

The female copulatory organs in Pisauridae originate from
two longitudinal epigynal folds (Figures 1,3). The two external
margins (ilm, olm) of these folds, the body wall between them
(the middle field, mf), and parts of the surrounding body wall
form the epigynum. The margins of the folds may run straight
from anterior to posterior (as in Dolomedes scriptus, Figure
3) or transversely (as in D. tenebrosus. Figure 5); they may

be a distance apart as in Dolomedes or close together as in
Tinus (Figure 11). The outer lateral margin of each epigynal
fold (olm) may extend to overlap (partly or totally) the middle
field (Figure 1; as in Thalassius and Staberius). The margins
of the epigynal folds may be curved as in Thaumasia (Figure
13) and Pisaura.

The surrounding body wall contributes to elements of the
epigynum. It is often more strongly sclerotized; it may be
vaulted and produce a knob as in Tinus nigrinus F.O.
Pickard-Cambridge, 1901 (see Carico, 1976, fig. 18). In other
pisaurid genera it may form deep depressions (as in Thalassius
spinosissimus, see Sierwald, 1987, fig. 17) or hood-like
structures (as in Thaumasia, Figure 13).

The internal parts of the folds extend inside the body like
pockets and form the different elements of the vulva (Figure
1). Basically, the vulva consists of a pair of ducts that connect
the copulatory openings of the epigynum with the uterus
externus. In various positions along each duct lies an organ,
often refered to as "spermatheca," which serves as a container
for sperm. Most Pisauridae (Figures 2, 16-18) possess
complex spermathecae, consisting of three distinct parts. The
blind ending of the apical portion is often rounded and dilated
and its wall bears conspicuous pores (head of spermatheca,
hs). The adjacent part is mostly narrow and contains a duct
(stalk of spermatheca, ss) that leads to the base of the
spermatheca (bs). The base of the spermatheca may be dilated
as well. It often contains a large lumen. (In the past,
spermathecae in the genus Dolomedes were described as simple
ball-shaped structures (Carico and Holt, 1964; Carico, 1973,
figs. 51, 52). It will be shown in this paper that the "accessory
bulb" (Carico and Holt, 1964) in the vulva of Dolomedes is
homologous to the head of the spermatheca in other pisaurid
genera.)

The copulatory duct and fertilization duct are usually
connected either with the base or the stalk of the spermatheca
(Figure 2), but never with the head of the spermatheca.

Structure of the Mature Female Copulatory Organs
in American Pisauridae

Carico gave good illustrations of the female copulatory
organs in Dolomedes (see Carico, 1973; Carico and Holt,
1964), Pisaurina (see Carico, 1972), Tinus (see Carico, 1976),
and ArchiHs and Staberius (see Carico, 1981). The results
obtained through the present study suggest a new and different
interpretation of certain parts of the organs.

GENERIC COMPARISONS

Dolomedes Latreille, 1804

In the epigynum of Dolomedes scriptus, the epigynal folds
run rather straight from anterior to posterior (Figure 3). There
is a distinct space between them, forming a middle field. The
external margins of the folds are heavily sclerotized. The
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olm II epf

FIGURE 1.—Schematic drawing of the groundplan of female copolatory organs in Pisauridae, seen from the
dorsal side, internal view.

hs

fd

ss

bs
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fd

cd

ss

bs
fd

cd

FIGURE 2.—Schematic drawing of spermathecae in Pisauridae, showing the different types of connection of the
copulatory and fertilization ducts, a, Turns, Pisaura; b, Architis, Pisaurina, Thalassius; c, Dolomedes,
Thaumasia, Staberius.

internal parts of the folds form the atria (Figure 4; at). The
copulatory openings (co) lie at the posterior base of each fold.
They lead into a coiled tube.

Four morphologically different parts of the tube can be
distinguished. (1) The part adjacent to the copulatory opening,
containing the copulatory duct (cd), is broad and flattened (=

"bursa copulatrixM sensu Carico and Holt, 1964). (2) The
following part is often dilated (= "spermatheca" sensu Carico
and Holt). The dilation is not clearly visible in Figure 4. (3)
Attached to the dilated part is a small knob (= "accessory bulb"
sensu Carico and Holt). Its apical portion is covered with pores
(Figure 7; ab). (4) The remaining part of the tube contains the
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FIGURES 3,4.—Dolomtdes scriptus: 3, epigynum; 4, vulva, tubes on the right side artificially stretched.
FIGURES 5,6.—D. tenebrosus: 5, epigynum; 6, vulva, left "seminal valve" broken off; "S" = spennatheca sensu

Carico and Holt Scale lines = 0.4 mm.

FIGURES 7, 8.—"Accessory bulb": 7, D. scriptus; 8, D. tenebrosus. Scale lines = 25
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FIGURES 9,10.—Pisaurina mira: 9, epigynum; 10, vulva.
FIGURES 11,12.—Tinus peregrinus: 11, epigynum; 12, vulva. Scale lines = 0.2 mm.

fertilization duct. It is tubular and ends with a flattened
structure (called "seminal valve" by Carico and Holt). The
latter is attached to the uterus externus. The female copulatory
organs in other species of the Dolomedesfimbriatus-group (see
Carico and Holt) possess an identical basic structure.
Species-specific characters are found in the shape of the
sclerotized field surrounding the epigynum and in the number
and form of loops of the copulatory and fertilization ducts
(Carico, 1973).

In D. tenebrosus (Figure 5) and D. okefinokensis, the
epigynal folds run transversely. An area of the body wall
anterior to the epigynal folds is heavily sclerotized and elevated
(= "median elevation" sensu Carico and Holt, 1964). The
copulatory openings are situated at the median corners of the
epigynal folds. The short copulatory duct (Figure 6; cd) runs

dorsoventrally. The dilated part of the tube (Figure 6; "S") is
clearly visible and it bears a perforated knob (Figure 8) as in
other Dolomedes species. The adjacent twisted tube, containing
the fertilization duct, runs from posterior to anterior, ending
in a flattened sclerotized structure.

Pisaurina Simon, 1898

In Pisaurina mira, as well as in other species of the genus,
the epigynal folds run in form of the letter V (Figure 9). The
copulatory opening is situated halfway along the fold. It
empties directly into the base of the spermatheca (Figures 10,
17; co, hs). The head of the spermatheca is dilated and bears
conspicuous pores. The long fertilization duct arises from the
spermathecal stalk (ss) on the ventral side. It loops back and


