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Moult-related changes in ampullate silk gland
morphology and usage in the araneid spider
Araneus cavaticus

MARK A. TOWNLEY!, EDWARD K. TILLINGHAST! axp
NANCY A. CHERIM?

Department of Zoology and 2Instrumentation Cenler, University of New Hampshire, Durham,
New Hampshire 03824, U.S.A.

SUMMARY

Major ampullate (MaA) and minor ampullate (MiA) silk glands of juvenile Araneus cavaticus (third to
penultimate instars) were examined by dissection at various times relative to ecdysis. Several days before
ecdysis the larger pairs of MaA and MiA glands become non-functional and remain so until ecdysis.
Nevertheless, proecdysial spiders are able to draw ampullate fibres due to the presence of smaller pairs of
MaA and MiA glands which are functional at this time. Indeed, it appears that these smaller ampullate
glands are intended for use only during proecdysis. Thus, larger MaA and MiA glands and smaller MaA
and MiA glands are typically not used concurrently (a brief transitional period is an exception). The
smaller ampullate glands functioning in one juvenile stadium regress in the following stadium and
become (what have previously been referred to as) accessory MaA and MiA glands. These non-
functional accessory ampullate glands do not re-develop into functional smaller ampullate glands until
the following stadium. Thus, a given pair of smaller MaA or MiA glands is only functional in every other
juvenile stadium. However, because there are two sets of smaller/accessory MaA and MiA glands which
function alternately, the spider is able to produce ampullate fibres during the proecdysial portion of each
stadium. A new terminology for the larger, smaller and accessory ampullate glands is proposed which
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emphasizes the kinship between the two sets of smaller/accessory ampullate glands.

1. INTRODUCTION

As first described by Sekiguchi (19555), juveniles of
species within the araneid and tetragnathid spider
families typically, if not always, have two, clearly
identifiable pairs of major ampullate (MaA) silk
glands and spigots and two pairs of minor ampullate
(MiA) silk glands and spigots, with one pair of each
gland type being larger than the other. Following the
last moult the smaller pair of each type is lost, as are
the spigots serving these glands. These statements
apply to both sexes. Based on observations made on
Araneus cavaticus (Araneidae), we reported that the
ampullate glands that are lost are not totally resorbed
but atrophy until only small, often yellowish, struc-
tures remain (Townley et al. 1991). Such structures
were first observed by Johansson (1914) and termed
accessory (ampullate) glands. In addition to the two
pairs of accessory ampullate glands which result from
the degeneration of ampullate glands functional in the
penultimate stadium, there are two pairs of accessory
ampullate glands (one MaA pair and one MiA pair)
present in juveniles, starting at least with third instars
(Townley et al. 1991). (Although first and second
instars have not been examined internally, if the
conclusions drawn in this paper are correct, then the
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two pairs of juvenile accessory ampullate glands
should be present beginning at least with first instars
which are approaching the end of the interecdysial
period.) These juvenile accessory ampullate glands are
also retained in adults, giving them a total of four
pairs of accessory ampullate glands.

In our earlier report (Townley et al. 1991), we could
not explain the presence of the juvenile accessory
ampullate glands. However, we did propose that the
smaller pairs of MaA and MiA glands are present in
juveniles, but not in adults, because they function
during the period preceding each ecdysis when the
larger MaA and MiA glands are temporarily non-
functional, assuming the duties of the larger glands
and allowing the spider to produce ampullate fibres
throughout the moulting process. Once adulthood is
reached no further moults occur, making the smaller
MaA and MiA glands unnecessary. In the present
communication we present additional evidence which
corroborates this interpretation. We also propose that
the accessory ampullate glands in juveniles are vital
components of this system for ensuring continuity of
ampullate silk production. Specifically, we propose
that the accessory MaA and MiA glands present at
one juvenile stadium become the smaller MaA and
MiA glands of the following juvenile stadium and vice
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versa. This implies that the smaller MaA and MiA
glands and their accessory gland counterparts are
essentially identical entities which are simply at
different points in a shared cycle of development and
regression.

2. MATERIALS AND METHODS

First to ninth instar (juvenile) Araneus cavaticus (Key-
serling) of both sexes were collected in southeastern
New Hampshire between April and September. The
same parameters (carapace dimensions, the number of
aciniform fusules on each posterior median spinneret
(PMS), the position of the MiA nubbin on each PMS)
that were previously used to assign juvenile spiders to
specific stadia (Townley et al. 1991) were again used
in the present inquiry. Although our efforts have been
focused on A. cavaticus, for one specific purpose it
proved valuable to examine two other araneid species,
Argiope awrantia Lucas and Argiope trifasciata (Forskal)
(see § 4¢). Late juvenile females and adult males and
females of these species were also collected locally,
from July to August (A. aurantia) or August to
September (4. trifasciata).

Ampullate glands and the spinnerets on which their
ducts empty were dissected from opisthosoma and
examined with an Olympus model X-Tr stereo dis-
secting microscope and a Nikon Fluophot microscope.
For examinations on the latter microscope, non-
permanent whole mounts of spinnerets and portions of
ampullate glands were prepared and viewed with
regular brightfield illumination. Spinnerets (from
both freshly killed spiders and exuvia) and ampullate
glands were also examined by scanning electron
microscopy (seEM) using the same methods described
previously (Townley et al. 1991). Internal components
of the spinning apparatus were not examined in first
or second instars. A Ringer’s solution consisting of
160 mm NaCl, 7.5 mm KCl, 4 mm CaCly, 1 mm MgCly,
4 mm NaHCOj3 and 20 mm glucose, pH 7.4 (Groome et
al. 1991), was used during dissections.

To determine which ampullate glands were being
used by a particular spider at a known time after
ecdysis, the paraffin technique described by Peters
(1982) was used. In this procedure the application of
hot, liquid paraffin to the spinnerets allows emerging
fibres to remain intact while the spinnerets are being
processed for sem. However, rather than adding
paraffin to the spinnerets of living spiders, as in the
original procedure, in this study paraffin was applied
only after spiders had been anesthetized and severed
at the pedicel and the spinnerets had been excised and
mounted on modified pin-type sEm stubs (Townley e
al. 1991). Of course, although care was taken to
neither initiate new fibres after death nor sever fibres
which were present before the spiders were anesthe-
tized, the original procedure is preferable. The modifi-
cation was made nevertheless because it was desirable
to determine both the ampullate glands that were in
use and the condition of the ampullate glands in the
same individual. Thus, the spinnerets had to be
excised while leaving the ampullate glands as intact as
possible. This was more readily accomplished by
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applying paraffin to the spinnerets after they had been
removed from the rest of the opisthosoma.

The spiders used to make these determinations were
collected in the field and reared in rectangular cages
in the laboratory (Tillinghast & Kavanagh 1977)
until they ecdysed. They were killed at various times
after ecdysis ranging from immediately after the
removal of the legs from the exuvium to 32.6 days. A
strict feeding regimen was not imposed on the spiders
between ecdysis and death, but they were given one
fly (primarily Phaenicia sericata (Meigen), Phormia
regina (Meigen) and Musca domestica Linnaeus) on each
day that they had an orb web which was at least two-
thirds intact. All spiders were given water daily.

3. TERMINOLOGY

There is presently no agreement on the terminology
and definitions used to describe the embryonic and
postembryonic stages of spiders, and we are in no
position to resolve the matter. For the purposes of this
paper it is sufficient that we be consistent. Thus, as in
our earlier report (Townley et al. 1991), a starting
point was established by designating the earliest instar
of A. cavaticus collected in the field the first instar. This
instar has two aciniform fusules on each PMS and,
more importantly, no MiA nubbins and is almost
certainly the instar which emerges from the eggcase.
Successive instars were then numbered accordingly
from this starting point.

Previously, we distinguished those ampullate glands
that are functional in both juveniles and adults from
those that are functional only in juveniles with the
adjectives ‘larger’ and ‘smaller’; respectively (Townley
el al. 1991); a reference to the difference in size
between these glands. Thus, we recognized larger and
smaller MaA glands and larger and smaller MiA
glands. The small, vestigial-looking ampullate glands
in juveniles and adults were, by precedent (Johansson
1914), termed ‘accessory’ MaA and MiA glands. Part
of our aim in writing this paper, however, is to present
evidence which indicates that ‘smaller’ and ‘accessory’
ampullate glands exchange identities after each ecdy-
sis (except the last) and should, therefore, receive a
common nomenclature to reflect their common func-
tion and nature. Accordingly, throughout the
remainder of this paper we will distinguish those
ampullate glands that function (i.e. give rise to
ampullate fibres) in both juveniles and adults from
those that function only in juveniles by use of the terms
‘primary’ (1°) and ‘secondary’ (2°), respectively.
‘Secondary’ in the new terminology encompasses both
‘smaller’ and ‘accessory’ in the old terminology.
Although it is important to stress the commonalities
between 2° ampullate glands, it is still useful to be able
to distinguish those 2° ampullate glands which will be
or are functioning in a given stadium from those
which cannot function in that stadium. The morpho-
logical feature which distinguishes these two categories
of 2° ampullate glands throughout an interecdysial
period is the presence or absence of an outlet for a
gland’s duct to the outside (i.e. a spigot which opens
to the outside environment). When referring to a 2°
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ampullate gland that has such an outlet in a given
stadium we will use the term ‘open’. Conversely, 2°
ampullate glands lacking an outlet are ‘blocked’. It is
important to keep in mind that the term ‘ampullate
glands’ includes both MaA and MiA glands (e.g. open
2° ampullate glands includes open 2° MaA glands and
open 2° MiA glands).

4. RESULTS

In the following description of moult-related changes
in the ampullate glands of Araneus cavaticus, there is, of
necessity, some overlap with observations presented by
us previously (Townley et al. 1991). In addition to
examining the figures in the present paper, the reader
may find it useful to refer to figures in the earlier
paper while reading the following. Note that while the
overall course of events described below has been
observed in juveniles starting with third instars, the
approximate times given are taken from observations
made on seventh to ninth juvenile instars.

(a) Overt changes in ampullate glands associated
with the moult cycle

In juvenile 4. cavaticus which are about midway
between two consecutive ecdyses, the ampullae and
tails of the 1° MaA and MiA glands are translucent
and contain relatively large quantities of luminal
material, resulting in glands with a turgid aspect.
Their ducts have a sharply delineated, crystalline
appearance which is, presumably, a consequence of a
highly ordered cuticular intima (Bell & Peakall 1969;
Kovoor & Zylberberg 1972; Moon et al. 1988; Moon
& Kim 1989). The open 2° MaA and MiA glands are
considerably smaller than the 1° ampullate glands and
have much shorter tails, but otherwise they are similar
in their gross morphology. However, at this time their
ampullae are typically not as distended with luminal
contents as they will become later in the interecdysial
period. The blocked 2° MaA and MiA glands are
small and very thin at this time with no discernible
luminal contents. Their ducts are ‘non-crystalline’ and
vestigial and clearly would not be functional even if
they were not ‘blocked’.

As juvenile A. cavaticus approach ecdysis (approxi-
mately 3.5-6 days before ecdysis) the 1° MaA and
MiA glands enter a white opaque phase in which the
translucent epithelium of the ampulla/tail gradually
becomes more of an opaque white and has a more
granular mien. The amount of transparent, gel-like
luminal material is concurrently reduced until, at the
height of this phase, it is no longer possible to observe
such luminal contents by dissection and the ampullae
are flaccid. Likewise, the functional, crystalline
appearance of the ducts is gradually lost and replaced
by a similar fuzzy, white opacity. The point at which
the 1° ampullate glands become non-functional is
seemingly determined by the changes occurring in the
ducts as transparent luminal contents remain in the
ampullae/tails beyond the time at which the ducts
become (to the eye) non-functional. No such changes
occur in the open 2° MaA or MiA glands at this time.
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Quite the contrary, these glands reach their peak at
about this time, in terms of overall size and the
amount of aqueous polypeptide solution accumulated
in the ampulla’s lumen (see figures 2—4 in Townley e
al. (1991)). When the spider is within about 1-1.5
days of ecdysing, the 1° ampullate glands show signs
that they are returning to their former condition.
Typically, their ducts first begin re-forming and then,
shortly after, the familiar transparent luminal contents
start to re-accumulate. As the ducts re-form, ‘crystalli-
nity’ gradually returns while opacity is reduced.

Approximately concurrent with the re-formation of

the 1° ampullate gland ducts is the similar re-
formation (or formation, in first instars, presumably)
of the ducts of the blocked 2° ampullate glands.

Solely on the basis of external appearance, it would
seem that the 1° ampullate gland ducts are almost fully
re-formed when ecdysis occurs. Only that portion
bordering on the ampulla is not, and it is not until
about 2-3 days after ecdysis that the sharply demar-
cated, distinctive appearance of this part of the duct is
fully restored. The epithelium of the ampulla/tail is still
somewhat opaque at the time ecdysis occurs but a
return to a more translucent condition is clearly in
progress. Also at this time, at least a moderate amount
of luminal material is present and this also increases the
translucence of the 1° ampullate glands. Immediately
preceding ecdysis the ampullae and tails of the blocked
2° ampullate glands are not much wider than they
were midway in the interecdysial period, but a lumen
containing a very small amount of fibroin is usually
discernible. More significant is the observation that
normal, ampullate-type ducts have, to a large extent,
formed by this time. However, their crystalline aspect,
so striking in the ducts of the open 2° ampullate glands
at this time, is only partially developed. The well
developed and fully functional appearance of the open
2° MaA and MiA glands is maintained throughout
proecdysis.

Following ecdysis, the new open 2° ampullate
glands (i.e. the blocked 2° ampullate glands of the
preceding stadium) increase in size as luminal con-
tents are amassed, while the new blocked 2° ampullate
glands regress. Because both of these processes take
place gradually, the blocked 2° ampullate glands are
clearly more prominent than the open 2° ampullate
glands in the first hours after ecdysis. It is for this
reason that the terms ‘smaller ampullate glands’ and
‘accessory ampullate glands’, in our old terminology,
are usually, but not always, synonymous with ‘open 2°
ampullate glands’ and ‘blocked 2° ampullate glands’,
respectively, in our current terminology. Immediately
after ecdysis, those glands which we would have
identified previously as smaller ampullate glands, we
now know to be ‘blocked’, and those which we would
have identified as accessory ampullate glands, we now
know to be ‘open’ (see figure 5¢, /). By about 1.5-2.5
days after ecdysis, sufficient regression and develop-
ment have typically occurred in the blocked and open
2° ampullate glands, respectively, that their ampullae
have similar diameters. However, the appearances of
these glands are considerably different at this time; the
blocked 2° ampullate glands having fuzzy, white
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ampullae and tails with little or no luminal contents
and thin, delicate, ‘non-crystalline’ ducts, while the
open 2° ampullate glands have translucent ampullae
and tails containing still fairly small quantities of
luminal material and seemingly functional, ‘crystal-
line’ ducts. Within about 3-3.5 days after ecdysis, the
blocked 2° ampullate glands have regressed to the
point where they possess those characteristics which
were formerly used to identify accessory ampullate
glands; very thin ampullae and tails, no transparent,
gel-like luminal contents discernible by dissection, and
vestigial ducts. These glands do not begin their return
to a functional condition until shortly before the next
ecdysis, as described above. Because 2° ampullate
glands are not needed after the final moult, the
development which takes place in the blocked 2°
ampullate glands of prepenultimate instars shortly
before ecdysis (in preparation for their use in the
following stadium) does not occur in penultimates.

As indicated above, the open 2° ampullate glands of
a given stadium largely retain their proecdysial
appearance for about 6-12 hours into the following
stadium (in which they are ‘blocked’). However,
immediately after ecdysis, the ducts of these new
blocked 2° ampullate glands, which appear crystalline
and functional over most of their length, are usually
found to end abruptly about one-half to three-
quarters of the way into the spinnerets.

When functional, the ducts of all six pairs of
ampullate glands follow a zig-zagging course, as is
typical of ampullate gland ducts (see Meckel 1846;
Atanasiu—Dumitresco 1941; Sekiguchi 1952; Mullen
1969; Kovoor 1977, 1979). Starting at the ampulla,
the duct proceeds posteriorly, but after traversing
much of the distance to the spinnerets, it makes a
hairpin turn and travels anteriorly, running more or
less parallel to the first segment. It then makes another
hairpin turn and travels to the spinnerets, again
running parallel to the first two segments. In the case
of the MiA and 2° MaA glands, the duct makes the
second hairpin turn before reaching the ampulla~duct
junction (exceptions have been seen in 1° MiA glands
where the second turn can occur at or slightly beyond
the ampulla—duct junction). In the 1° MaA glands,
the duct passes the ampulla-duct junction before
making the second turn and that portion of the duct
which is anterior to the ampulla-duct junction forms a
loop which lies appressed to the side of the ampulla
(see plate V, figure 1 in Atanasiu-Dumitresco (1941);
figure 1 in Kovoor & Zylberberg (1972); figure 7 in
Townley el al. (1991)). When 1° ampullate glands are
entering the white opaque phase or when blocked 2°
ampullate glands are regressing shortly after an
ecdysis, their ducts take on a fuzzy, whitish or
yellowish appearance. At the height of regression the
ducts’ serpentine course is no longer discernible and,
thus, fully regressed ducts bear little resemblance to
functional ducts.

(b) Connections between ampullate gland ducts and
spigots in juveniles

During most of an interecdysial period (from im-
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mediately after ecdysis to shortly after apolysis) it can
be observed that the ducts serving the 1° MaA glands
exit on the more anterior of the two pairs of MaA
spigots, whereas the open 2° MaA gland ducts exit on
the posterior MaA spigots. Likewise, the 1° and open
2° MiA gland ducts exit on the anterior and posterior
MiA spigots, respectively. The blocked 2° ampullate
gland ducts are atrophied during most of this interval
and do not connect to any spigots.

In the interval which begins with the emergence
from the white opaque phase (i.e. when 1° and
blocked 2° ampullate gland ducts are re-forming) and
ends with ecdysis, the 1° ampullate gland ducts again
lead to the more anteriorly-placed ampullate spigots,
but on the newly developing cuticle. There is no
connection made to the overlying old cuticle (figure
1). (A segment of duct can sometimes be seen attached
to the 1° ampullate spigots on the old cuticle, but it
travels back from the spigot only a short distance
before ending.) The ducts of the well developed, open
2° ampullate glands, in contrast, pass through the new
cuticle and maintain their connections to the 2°
ampullate spigots on the old cuticle (figures 1, 2).
(Here and subsequently it should be borne in mind
that it is actually the new cuticle which must form
around the open 2° ampullate gland ducts, as the
latter are in place long before new cuticle is laid
down.) Connected to the 2° ampullate spigots on the
new cuticle are the ducts of the blocked 2° ampullate
glands (figure 1).

Penetration of the new cuticle by the ducts of the
open 2° ampullate glands occurs at specific sites. In
the case of the open 2° MIA glands, their ducts pass
through the new cuticle at one of two sites; these being
between the two MiA spigots on a given PMS (figure
3a) and posteromedial to the 2° MiA spigot (figure 34,
also figure 1). In any given stadium, the site of
penetration is the same on both of the PMS. Alterna-
tion between these two sites occurs [rom one stadium
to the next. The 2° MiA spigots likewise occupy one of
two sites in a given stadium and it is clear that they
are coincident with the two potential sites of 2° MiA
duct penetration. Thus, 2° MiA spigots occupy the site
which is not occupied by penetrating open 2° MiA
ducts during the cuticle’s formation. The ducts of the
open 2° MaA glands, on the other hand, pass through
the new cuticle at the same site in all stadia; this being
lateral to both MaA spigots on an anterior lateral
spinneret (ALS) and, typically, closer to the 2° MaA
spigot (figure 3¢, also figure 25).

Once ecdysis occurs, the outlets (i.e. spigots) for the
open 2° ampullate glands of the preceding stadium
are, of course, removed and these glands now enter a
regressive period as blocked 2° ampullate glands. An
observation made on exuvia indicates that the seg-
ment of open 2° ampullate gland duct positioned
between the old and new cuticles before ecdysis is lost
with the old cuticle at ecdysis. When exuvia shed by
first through penultimate instars are examined, silk
fibres are often found passing through the 2° ampul-
late spigots (but never through the 1° ampullate
spigots) (figure 4). That portion of a fibre on the
‘internal’ side of the exuvium can usually be seen to
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old
# cuticle

blocked open

Figure 1. (a) A portion of the left PMS from a seventh instar female 4. cavaticus, close to ecdysing, showing the new
cuticle beneath the old cuticle. The diagram in () outlines those structures in the photomicrograph relevant to the
topic at hand. Emergence from the white opaque phase was well under way by this time, so that the largely re-
formed duct of a 1° MiA gland is clearly visible connecting to the more anterior MiA spigot on the new cuticle. Only
once the old cuticle was removed at ecdysis would this gland have been able to resume functioning. A portion of
duct is faintly visible connecting to the 1° MiA spigot on the old cuticle; a remnant, presumably, of the duct which
was functioning prior to the white opaque phase. The partially re-formed duct of a blocked 2° MiA gland can be
seen attached to the more posterior MiA spigot on the new cuticle. This gland, very thin at this time,would not have
been used until late in the following stadium. Connected to the 2° MiA spigot on the old cuticle and passing through
the new cuticle is the duct of a well-developed, open 2° MiA gland. This gland would have remained functional
until ecdysis. Note that the duct passes through a protuberance (nubbin progenitor) in the new cuticle (arrowheads
in (a) and (b)). The unidentified spinning structures to the left of the MiA spigots in (@) are aciniform fusules. C,
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cylindrical gland spigot. Bar=25 um.

have a sheath over its more proximal end (relative to
the exuvium). We presume this sheath is the dried
remains of a segment of duct (at least its cuticular
intima). The length of this sheath leads one to
consider the possibility that not only the segment
between the two cuticles is lost at ecdysis, but that a
length of duct internal to the new cuticle is also
withdrawn at ecdysis. The observation that blocked 2°
ampullate gland ducts end part way into the spin-
nerets in freshly ecdysed spiders is consistent with this
notion.

As mentioned above, the newly re-formed ducts of
blocked 2° ampullate glands are connected to the 2°
ampullate spigots on the new cuticle prior to ecdysis.
With the removal of the old cuticle at ecdysis these
spigots are opened to the environment and, thus, the
glands connected to them are now, by our definition,
open 2° ampullate glands. Removal of the old cuticle

Phil. Trans. R. Soc. Lond. B (1993)

also exposes the spigots to which the 1° ampullate
glands are connected.

The mechanism by which ampullate fibres are
drawn during each proecdysial period is summarized
in figure 5.

(¢) Nubbin placement

Evidence of the passage of 2° ampullate gland ducts
through a developing cuticle remains in the cuticle
after ecdysis in the form of protuberances, termed
nubbins in Coddington (1989) and Yu & Coddington
(1990). In juvenile Araneus cavaticus, MiA nubbins are
relatively easy to locate, on both exuvia and the
spiders themselves. In an examination of 25 spiders
(15 male, 10 female) and one or more of the most
recently shed exuvia from these individuals (a total of
56 exuvia were examined, shed by first to ninth
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instars), MiA nubbins and 2° MiA spigots were seen
to switch positions with each other from one stadium
to the next, in both sexes and without exception. In
even-numbered juvenile instars the MiA nubbins are
placed posteromedial to the 2° MiA spigots whereas in
odd-numbered juvenile instars the MiA nubbins are
located anterolateral to the 2° MiA spigots (except in
first instars, which have no MiA nubbins (Yu &
Coddington 1990; Townley et al. 1991)) (see figures
25-32 in Townley et al. (1991)).

To date, we have not been able to convincingly

observe MaA nubbins in juvenile A.
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(although in a few specimens, portions of structures
very suggestive of MaA nubbins could be observed).
This is, perhaps, not surprising when one considers the
location at which open 2° MaA gland ducts pass
through the developing cuticle (shortly before ecdysis)
and the proximity of the pyriform spinning field to the
lateral sides of the MaA spigots. That is, the MaA
spigots on an ALS reside on a depressed ledge which is
bordered anteriorly, laterally and posteriorly by the
pyriform spinning field. We believe we have been
unable to clearly view MaA nubbins in juveniles
because they are obscured by a portion of the
pyriform spinning field which extends over or com-
presses the area where MaA nubbins would be
expected. On the chance that the precise morphology
of this area might not be the same in all araneids, two
Argiope species (A. aurantia and A. trifasciata) were also
examined for MaA nubbins. In both species, a greater
separation between the edge of the pyriform spinning
field and the lateral sides of the MaA spigots is indeed
present, and the boundary between MaA ledge and
pyriform spinning field more reinforced, allowing one
to observe, in the position expected, a single MaA
nubbin on each ALS in juveniles (figure 6a). (By using
proecdysial, penultimate female A. awrantia and A.
trifasciata, it has been directly observed that the site of
open 2° MaA gland duct penetration through the
developing cuticle is essentially the same in these two
species as in 4. cavaticus.)

Because there is no need for the blocked 2° ampul-
late glands of penultimates to re-develop in adults,
there is also no need for 2° ampullate spigots to form
in the adult cuticle. Only nubbins occur at the sites
where 2° ampullate spigots would have been present,
if the animal was not an adult. These nubbins differ
from those described above in juveniles in that they do
not result from the passage of 2° ampullate gland
ducts through the cuticle during its formation. Nor,
apparently, do they arise from a template (either 2°
MaA spigot or MiA nubbin) in the overlying, penulti-
mate cuticle, as the exuvial and developing cuticles
are not in direct contact, but are separated by an

Figure 2. Seventh instar male 4. cavaticus in proecdysis: (a)
Part of the left ALS showing the 1° and 2° MaA spigots on
both the old cuticle (OC) and the underlying, new cuticle
(NC). The duct (D) of an open 2° MaA gland can be seen
passing through the new cuticle to maintain its attachment
to the 2° MaA spigot on the old cuticle, thus allowing the
spider to continue drawing MaA fibres during proecdysis.
(b) Part of the right ALS from the same individual, showing,
more precisely, the site at which open 2° MaA gland ducts
penetrate the new cuticle in proecdysial spiders. Only the
new cuticle is shown. The duct (D) of the open 2° MaA
gland has been broken off just distal to the new cuticle. In
(a) and (b) tubules can be seen scattered on the surface of
the new cuticle (unlabeled arrows point to examples). These
tubules are portions of pyriform gland ducts which, like the
open 2° MaA gland ducts, were passing through the new
cuticle to connect to fusules on the old cuticle (and were
severed during dissection). PA, principal apodeme (sec
Wilson 1969). Bars=25 pm.
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Figure 3. 1° and 2° MiA (a,b) and MaA (¢) spigots on the new (developing) cuticle of proecdysial A. cavaticus. (a)
Left PMS from an eighth instar male, (b) left PMS from a seventh instar male, (¢) right ALS from a sixth instar
female. The overlying, old cuticle has been removed in these preparations (and the ducts of the open 2° ampullate
glands severed from the old cuticle). In even-numbered instars (a) the ducts of the open 2° MiA glands pass through
the new cuticle anterolateral to the 2° MiA spigots whereas in odd-numbered instars (b) the ducts pass
posteromedial to the 2° MiA spigots. Open 2° MaA ducts penetrate the new cuticle lateral to the 2° MaA spigots
in both even-numbered (¢) and odd-numbered instars (see figure 2b6). D, duct of open 2° ampullate gland.

Bars =25 um.

exuvial space. Rather, they seem to be vestigial
spigots, aborted early in their formation. Adults also
have ampullate nubbins of the type found in juveniles,
although, again, the MaA nubbins of this type have
been clearly observed only in the two Argiope species
(figure 6b), not in A. cavaticus.

(d) Ampullate gland usage

Using the paraffin technique of Peters (1982), we
determined which ampullate glands were being used
by juveniles at various times after ecdysis. The results
for MaA glands are shown in figure 7. The mean
feeding rates for individual spiders ranged from 0.32-
0.89 flies per day (8=0.55 flies per day, sem=0.023
flies per day, n=35) (excluding those spiders killed
within 2 days after ecdysis). In all cases, the same
MaA glands were in use on both the right and left
sides of the opisthosoma. Two of the 41 spiders
examined showed fibres exiting simultaneously on the
1° and 2° MaA spigots. In the remaining 39 spiders,
fibres were seen emerging from either the 1° MaA
spigots exclusively or the 2° MaA spigots exclusively.
During the first (and largest) portion of an interecdy-
sial period (beginning immediately after ecdysis, while
the spider is still hanging by its molting threads) 1°
MaA fibres are drawn, while in the latter portion 2°
MaA fibres are drawn.

More complicated results were obtained for the
MiA glands. In 14 of the 41 spiders, the emergence of
fibres from the MiA spigots on both PMS was in
complete agreement with the MaA situation. Fifteen
of the 41, on the other hand, had no MiA fibres
present at all. The members of these two groups were
not distributed in any evident pattern. Three indi-
viduals which were using their 1° MaA glands showed
no MiA fibres on one PMS, but had a fibre emerging
from the 1° MiA spigot on the second PMS. Another
spider with 1° MaA glands in use had no MiA fibres
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on one PMS, but had MiA fibres exiting on both the
1° and 2° MiA spigots on the other PMS. Still another
spider which was using its 1° MaA glands had a 1°
MiA fibre on one PMS and 1° and 2° MiA fibres on
the second PMS. Turther, while preparing the spin-
nerets of one spider, the apex of one PMS was
inadvertently touched with a fine insect pin, initiating
a MiA fibre. Upon inspection by sEm, 1° MaA fibres
were observed, as was a single 2° MiA fibre, drawn
posthumously. Of the two spiders that had fibres
emerging from both the 1° and 2° MaA spigots, one
fell into the aforementioned category of spiders in
which the MaA and MIA situations were in complete
agreement, while the second spider had 1° and 2°
MiA fibres emerging from one PMS, but only a 1°
MiA fibre on the other PMS. Of particular interest
was one spider that was drawing 2° MaA fibres and
both 1° and 2° MiA fibres (on both PMS). The MiA
spigots of the four remaining spiders were not exam-
ined. Where 1° and/or 2° MiA fibres were observed on
one PMS but not the other, we cannot rule out the
possibility that fibres were severed while preparing the
spinnerets for sEm.

In those spiders that were drawing 1° ampullate
fibres, the ampullae and tails of the 1° ampullate
glands were usually translucent, with plentiful accu-
mulations of luminal material, and their ducts were
crystalline in appearance and followed the indirect
route typical of ampullate gland ducts. A slight
departure from this description was observed in
spiders killed shortly after ecdysis. Here, the 1°
ampullate glands did not appear to be completely re-
formed, as mentioned above (see §4a). However,
sizable quantities of luminal material were present in
these glands at this time and, overall, the course and
appearance of their ducts were those of functional
ampullate glands. It was, therefore, not surprising
that fibres were observed exiting on the 1° ampullate
spigots of spiders which had just completed ecdysis.
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Figure 4. Portions of spinnerets from an exuvium shed by a ninth (penultimate) instar female 4. cavaticus: (a) 1° and

2° MiA spigots on the right PMS, flanking a non-vestigial-type MiA nubbin (unlabeled arrow). (4) Distal segment

of the left ALS showing the 1° and 2° MaA spigots, bordered on three sides by the pyriform spinning field. Silk fibres

pass through the 2° ampullate spigots in both (a) and () and sheaths (S), which begin at the 2° ampullate spigots,

surround a portion of these fibres on the ‘internal’ side of the exuvium. The sheaths may be duct segments (at least
the cuticular lining) lost at ecdysis. (¢) Higher magnification view of the 2° MaA fibre from () at its point of entry

into the sheath (S). PA, principal apodeme. Bars: (a,b) =50 pm; (¢) =10 pm.

Another deviation from the above description was
seen in the individual which was using 1° and open 2°
MaA and MiA glands concurrently (killed 21.6 days
after the most recent ecdysis, figure 7). This spider was
apparently just entering the white opaque phase, as
indicated by the whitish appearance of the epithelium
of the 1° ampullate glands’ ampullae/tails. There was,
however, still a moderate amount of transparent, gel-
like luminal material present and the ducts of these
glands appeared to be functional. (The 1° ampullate
glands of the other spider that was using both 1° and
open 2° MaA glands did not show any definite signs of
having entered the white opaque phase. However, this
spider’s reclusive behaviour would indicate that
entrance into the white opaque phase was imminent.)

Recent entrance into the white opaque phase was
also evident in the 1° ampullate glands of the spider
that was drawing 1° and 2° MiA fibres, but only 2°
MaA fibres (killed 19.5 days after the most recent
cedysis, figure 7). In addition to the whitish epithe-
lium of the ampullae/tails, the 1° MaA glands had
ducts which appeared non-functional in their first
segment (i.e. from their juncture with the ampulla to
just before the first hairpin turn). This segment was
‘non-crystalline’, white and delicate, in contrast to the
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rest of the duct, which still retained the ‘crystallinity’
of a functional duct. The ducts of the 1° MiA glands
had not yet reached this early point in the white
opaque phase. Instead, they appeared functional over
their entire length. Evidently, though the 1° MaA and
MiA glands undergo the same changes during proec-
dysis, perfect synchrony does not exist between the
two ampullate gland types (contrary to the impression
that was, perhaps, given previously (Townley et al.
1991)). On the basis of the observations made on this
single spider, we tentatively propose that 1° MaA
glands become non-functional ahead of the 1° MiA
glands during proecdysis.

The 1° ampullate glands of those spiders that were
not drawing any 1° ampullate fibres were either in the
white opaque phase or were emerging from this phase.
Because 1° ampullate gland ducts of proecdysial
spiders are connected to the 1° ampullate spigots on
the new cuticle, these glands cannot function in the
brief interval between emergence from the white
opaque phase and ecdysis, despite a basically func-
tional appearance.

Those spiders drawing 2° MaA fibres had open 2°
ampullate glands that were well developed, with
clearly functional ducts, translucent ampullae/tails
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Figure 5. Diagrammatic summary of the principal cyclical changes that ampullate glands in A. cavaticus undergo
during ontogeny. Note that only the ampullate glands associated with a single spinneret are depicted. During most
of an interecdysial period the 1° ampullate glands are functional and are generally the only ampullate glands in use.
Such a situation is presented in (@) at a point roughly midway in an interecdysial period. During proecdysis,
however, the 1° ampullate glands enter a non-functional, white opaque phase (b), at which time the open 2°
ampullate glands are functional and in use. Immediately after ecdysis (¢), the 1° ampullate glands are again
functional and the open and blocked 2° ampullate glands of the preceding stadium are blocked and open,
respectively. The new blocked 2° ampullate glands regress during the first part of the interecdysial period while the
open 2° ampullate glands enlarge, so that by about midway in the interecdysial period, the situation in (d) exists.
Thus, the open 2° ampullate glands that are used during proecdysis (¢) are the same glands that were blocked in the
preceding stadium (a,b) and that again become blocked after ecdysis (f). These events occur in both MaA and MiA
glands. However, 2° ampullate spigots and nubbins switch positions with each other, as shown here, only in the case

of MiA glands.

and substantial accumulations of luminal material.
The same description applies to the open 2° ampullate
glands of those three individuals, mentioned above,
that were using MaA glands of the 1° type only, yet
were able to produce 2° MiA fibres. (These three
spiders were examined 10.6 or more days after
ecdysis.) Indeed, most spiders that were dissected
about one week or more after ecdysis had open 2°
ampullate glands which appeared to be ‘functional.
Nevertheless, if the 1° ampullate glands had not yet
entered the white opaque phase, these seemingly

Phil. Trans. R. Soc. Lond. B (1993)

functional open 2° ampullate glands were typically
not found to be in use.

A summary of ampullate gland usage is presented in
figure 8.

5. DISCUSSION
(a) Internal anatomy: ampullate glands

The dissections performed in an earlier study focused
largely on the transition from the penultimate instar
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Figure 6. (a) 1° and 2° MaA spigots on the right ALS of a
female Argiope aurantia in the penultimate stadium. (4) 1°
MaA spigot and vestigial-type MaA nubbin (v) on the right
ALS of an adult female Argiope trifasciata. An arrow in ecach
photomicrograph points to the non-vestigial-type MaA
nubbin (i.e. formed by the passage of an open 2° MaA duct
through the cuticle during proccdysis, see Discussion). The
fusules (upper right corner and along left side) in (a) and ()
serve pyriform glands. Several pyriform tartipores can be
scen among the fusules. Bars=25 pum.

to the adult (Townley et al. 1991). The only proecdy-
sial spiders dissected in that study were penultimate
instars. Thus, we did not know if 1° ampullate glands
passed through a non-functional, white opaque phase
in each juvenile stadium (in response to moulting
cues) or if this phenomenon was unique to penulti-
mates. Having now examined proecdysial third to
penultimate instars, all evidence supports the former

[
1° MaA fibres present

1° and 2° MaA fibres present

2° MaA fibres present

com een ¢ %

Moult-related changes in ampullate silk glands

possibility. In contrast, the open 2° ampullate glands
of these instars are functional during proecdysis.
Apparently, for A. cavaticus (and no doubt other taxa
as well), there is considerable survival value in being
able to produce ampullate fibres at all times.

Dissections of prepenultimate juveniles, especially
those performed shortly before and after ecdysis, have
also clarified the true nature of ‘accessory’ MaA and
MiA glands. Initially we assumed that the ‘accessory’
ampullate glands observed in a fifth instar, for
example, were the same ‘accessory’ ampullate glands
which were present in the fourth instar and which
would have been present in the sixth instar; likewise
for the ‘smaller’ MaA and MiA glands. We now
recognize that the ‘accessory’ ampullate glands pre-
sent throughout most of one stadium develop into
‘smaller’ ampullate glands during the next stadium
and then revert back to ‘accessory’ ampullate glands
in the stadium after that (figure 5). That is, the
situation, with respect to ‘accessory’ and ‘smaller’
ampullate glands, only appeared static from one
stadium to the next because there are two sets of
(what we now call) 2° ampullate glands, which take
turns functioning in successive stadia. (Each set
consists of one pair of 2° MaA glands and one pair of
2° MiA glands.) This cycle of development and
regression continues through all the juvenile stadia
until, at the final moult, the two pairs of ‘accessory’
(i.e. blocked 2°) ampullate glands in proecdysial
penultimates do not re-develop, but are simply
retained in the adult in this regressed, non-functional
form. Because the two pairs of ‘smaller’ (i.e. open 2°)
ampullate glands in proecdysial penultimates atrophy
in adults, a total of four pairs of ‘accessory’ (blocked
2°) ampullate glands are present in adults.

In part, we have adopted a new terminology for
‘accessory’ and ‘smaller’ ampullate glands because the
‘accessory’ ampullate glands present in a juvenile soon
after ecdysis are not the same ‘accessory’ ampullate
glands present later in the same interecdysial period,;
which is to say that the gross morphological features
formerly used to identify ‘accessory’ ampullate glands
are most apparent in the open 2° ampullate glands for
a short time after ecdysis and in the blocked 2°
ampullate glands subsequently. The same holds true
for the ‘smaller’ ampullate glands, except, of course, it
is the blocked 2° ampullate glands which have the
appearance of ‘smaller’ ampullate glands immediately

“we & ° o
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Figure 7. 1° andjor 2° MaA gland usage at known times after the most recent cedysis. Each point represents one
spider. Open symbols: males. Solid symbols: females. Triangles: sixth instars. Diamonds: seventh instars. Gircles:
cighth instars. Squares: ninth instars. Circle above arrow: tenth instar.
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Figure 8. Generalized representation of ampullate gland usage by juvenile 4. cavaticus. The relative lengths of time
during which fibres arec drawn from 1° and/or 2° ampullate glands, as depicted here, are only estimates. There is
undoubtedly interindividual and interstadial variation in these ratios. Each set of 2° ampullate glands consists of one

pair of 2° MaA glands and one pair of 2° MiA glands.

after ecdysis and the open 2° ampullate glands which
do later in the interecdysial period. By differentiating
these glands based on the connections their ducts
make (or do not make) with spigots, attention is
focused on the distinction between glands which will
be or are functioning in a particular stadium and
glands which will not or are not functioning; a
distinction which remains clearly evident throughout
an interecdysial period despite the dramatic morpho-
logical changes which these glands undergo.

(b) External anatomy: nubbins and spigots

The idea that there are two sets of 2° ampullate
glands, and that one set functions in even-numbered
juvenile instars while the other set functions in odd-
numbered juvenile instars, arose (i) from the observa-
tion that 2° MiA spigots and MiA nubbins seemed to
switch positions after each ecdysis (Townley et al.
1991), and (ii) from the presence of ‘accessory’
ampullate glands in juveniles (Atanasiu—Dumitresco
1941; Townley et al. 1991). However, because the
former observation was made using spiders that were
not raised in the laboratory, we could only estimate
which stadia they were in. Thus, while the pattern
that emerged was convincing, we could not be certain
that there was a strict alternation, from stadium to
stadium, in the positions occupied by 2° MiA spigots
and MiA nubbins. In the present study, stadia were
still only estimated, but in addition to examining the
spiders themselves, one or more exuvia from these
spiders were also examined. Without exception, 2°
MiA spigots and MiA nubbins switched positions with
cach ecdysis in all individuals examined.

Previously, nubbins, including those observed in
juveniles, have been interpreted as vestiges of spigots
present in earlier stadia (Yu & Coddington 1990;
Townley et al. 1991). It is now clear that, on the basis
of origin, there are actually two types of nubbins, only
one of which seems to represent vestigial spigots.
Nubbins of the non-vestigial type are formed as a
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result of the passage of certain silk gland ducts
through the cuticle while it is still forming (in the
period between apolysis and ecdysis). In this way the
silk glands served by these ducts are able to maintain
their connections to spigots on the older, overlying
cuticle and function during proecdysis, despite the
intervening new cuticle. At the sites of duct penetra-
tion, collar-like protuberances form in the developing
cuticle around the ducts. After ecdysis, these protuber-
ances result in nubbins which often project above the
surrounding cuticle. This type of nubbin is present in
the cuticles of second instar through adult 4. cavaticus.
Vestigial-type nubbins, however, are only observed in
adult A. cavaticus and seem to be aborted spigots which
occupy the sites that would have been occupied by
functional spigots, had the spider remained a juvenile.

In light of the above findings, the misconceptions in
carlier papers are easily recognized. Thus, regarding
the two MiA nubbins present on each PMS in adult
A. cavaticus, we stated that ‘Presumably, one of these
nubbins is the typical remnant of the smaller MiA
spigot and the other is the continued expression of
the nubbin present in the penultimate . . .> (Townley
et al. 1991). This misinterpretation resulted from the
assumption that vestigial-type MiA nubbins occupy
the sites occupied by 2° MiA spigots in penultimates.
We now propose that the site occupied by a 2° MiA
spigot in a penultimate is occupied by a non-vestigial-
type MiA nubbin in the adult and that the other MiA
nubbin on the PMS is of the vestigial type, being
located where the 2° MiA spigot would have formed,
were the spider not an adult. However, as 2° MaA
spigots and non-vestigial-type MaA nubbins do not
switch positions following an ecdysis, the vestigial-type
MaA nubbins of adults are indeed located at the same
sites occupied by 2° MaA spigots in penultimates. If
our present interpretations are correct, the MiA and
MaA arrangements demonstrate that vestigial-type
and non-vestigial-type nubbins, respectively, are not
necessarily located at the sites occupied by spigots in
the preceding stadium.
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In figure 13 of Townley et al. (1991) the 1° and 2°
MaA spigots on the old cuticle of one ALS from a
proecdysial spider are shown along with a portion of
the duct serving the 2° MaA spigot, not unlike the top
half of figure 2a in the present paper. However, the
former figure was intended to demonstrate the in-
creased fragility of 1° ampullate gland ducts during
the white opaque phase; the assumption being that a
1° MaA gland duct is absent in the preparation shown
solely because of its inability to withstand the rigor of
dissection. We are now aware that a 1° ampullate
gland’s connection to the old cuticle is severed in
proecdysial spiders as a normal part of moulting.

The point was made previously (Townley et al.
1991) that functional ampullate glands would seem to
be of no use in proecdysial A. cavaticus were the
pyriform glands not also functional, as the latter
produce the attachment disks which secure ampullate
fibres to substrates (e.g. Apstein 1889; Warburton
1890; Peters 1955; Richter et al. 1971) and, very likely,
the junctional cements which bind intersecting ampul-
late fibres to one another (Warburton 1890; Kava-
nagh & Tillinghast 1979; Work 1981; see also Jackson
1971). We have since observed pyriform gland ducts
of proecdysial 4. cavaticus penetrating the new cuticle
and connecting to fusules on the old cuticle, very
much in the manner of open 2° ampullate gland
ducts. Thus, it seems probable that the tartipores
present in the pyriform spinning fields of members of
at least several araneomorph superfamilies (Kovoor
1986; Platnick 1990; Yu & Coddington 1990; M. A.
Townley, E. K. Tillinghast & N. A. Cherim, personal
observations; see also ALS figures in Coddington
(1989); Peters & Kovoor (1991); Peters (1992)) are
not vestigial fusules, but evidence of the prior passage
of pyriform gland ducts through the cuticle. (Just as
the terms fusule and spigot (fusule and céne, by
French-speaking authors) have been applied by
various authors (e.g. Wasowska 1970; Mikulska &
Wisniewski 1979; Kovoor 1986; Yu & Coddington
1990) to distinguish morphologically multiple and
singular spigots, respectively (see Coddington 1989),
so Yu & Coddington (1990) have used the terms
tartipore and nubbin to distinguish morphologically
multiple nubbins, such as those resulting from pyri-
form glands, from morphologically singular nubbins,
such as those resulting from ampullate glands, respect-
ively.) No attempt has yet been made to determine
what changes the pyriform glands themselves undergo
during ontogeny, but, like the open 2° ampullate
glands, the pyriform glands functioning in proecdysial
spiders cannot function after ecdysis, if only because
their outlets (fusules) are removed with the old cuticle.
Consequently, we presume there are additional pyri-
form glands in proecdysial spiders, the ducts of which
are connected to fusules on the new cuticle. Following
ecdysis these glands would be able to function.

We suspect the aciniform tartipores present on the
posterior lateral spinnerets (PLS) of some araneoids
(Yu & Coddington 1990; M. A. Townley, E. K.
Tillinghast & N. A. Cherim, personal observations;
see also figure 525 in Kovoor (1987)) are also non-
vestigial-type nubbins, although we have not made
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direct observations to confirm this. (At this time we do
not know if aciniform tartipores are present on the
PMS of A. cavaticus.) Aciniform tartipores, which
presumably arise by the same mechanism, can also be
seen on the PMS and PLS of the deinopid Deinopis
subrufa (figures 4¢, Sa—c, 66 in Peters (1992)). Indeed,
tartipores are apparently present on the PMS and/or
PLS of at least some mygalomorph spiders (Glatz
1973; Shear et al. 1989; see also figure 52a in Kovoor
(1987) and the figures presented in the survey by
Palmer (1990), particularly figures 9%, 10f and 144).
The aggregate and flagelliform nubbins of adult male
araneoids (Sekiguchi 1955a,6), however, are addi-
tional examples of the vestigial type of nubbin (see
figure 36 in Peters & Kovoor (1991); figure 16 in
Townley et al. (1991)), as are the pseudoflagelliform
and paracribellar nubbins of adult male deinopoids
(Kovoor & Peters 1988; Peters 1992).

Though difficult to observe in A. cavaticus, non-
vestigial-type MaA nubbins, one per ALS, are conspi-
cuous in some other araneids (figure 6, this paper;
figure 21 in Yu & Coddington (1990); figures 15 and
19 in Coddington (1989)). They occupy sites lateral or
posterolateral to either vestigial-type MaA nubbins or
2° MaA spigots, depending on whether the spider is
an adult or a juvenile. They also appear to be present,
in the same locations, in at least some non-araneid
araneoids, including Latrodectus species (Theridiidae)
(figure 27 in Coddington (1989); M. A. Townley, E. K.
Tillinghast & N. A. Cherim, personal observations),
Dipoena beni (Theridiidae) (figure 344 in Forster et al.
(1990)) and Linyphia triangularis (Linyphiidae) (figure
2b in Peters & Kovoor (1991)), as well as in the
uloborid Octonoba octonarius (figure 7 in Coddington
(1989)). (They are unlabeled in the figures cited.)
However, the evidence to date (Coddington 1989;
Forster et al. 1990) suggests that theridiids and most
linyphiids lack functional 2° MiA glands both as
juveniles and adults. Thus, while these taxa appar-
ently employ open 2° MaA glands during proecdysis,
the use of MiA glands is presumably forgone alto-
gether during this period.

In adult Demnopis, multiple MaA spigots and nub-
bins are present on each ALS (Coddington 1989;
Peters 1992). Earlier, we assumed these (and all)
ampullate nubbins to be vestigial and, thus, con-
cluded that there was a reduction in the number of
functional MaA glands, in going from the penultimate
stadium to the adult (Townley et al. 1991). However,
the appearance of these nubbins in figure 2 of Peters
(1992) suggests non-vestigial-type nubbins. Therefore,
a reduction in the number of MaA glands is actually
not indicated.

(¢) Ampullate gland usage

In figure 7 the reader will note that some spiders
continued to use 1° MaA glands beyond the time at
which other spiders (in the same stadium and of the
same gender) had switched over to 2° MaA glands.
Presumably, this is a reflection of the variation which
exists in the length of particular interecdysial periods;
variation which was undoubtedly increased by the
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different feeding rates among spiders. Variation may
be further increased among eighth instars at least
because of the variable number of stadia that 4.
cavaticus can potentially pass through before becoming
adults. Some spiders are in the penultimate stadium
when they are eighth instars, others when they are
ninth, or possibly even tenth, instars. (The possibility
that some A. cavaticus reach the final juvenile stadium
when they are tenth instars was raised previously
(Townley et al. 1991). Although infrequent, we again
encountered penultimates in the present study that
had carapace dimensions and PMS aciniform fusule
complements such as to indicate that they were tenth
instars. One such individual has been designated a
tenth instar in figure 7. However, this designation
must be viewed as tentative.) Despite this variation,
the data demonstrate that 1° ampullate glands are
used exclusively during the first portion of an interec-
dysial period and that 1° and 2° ampullate glands are
typically not used concurrently. Further, when these
data are coupled with observations made on the
ampullate glands of the same individuals, several
trends in ampullate gland usage are indicated.

First, if the 1° MaA glands are functional, they are
being used (not continuously, of course). Thus, in our
study, if the 1° ampullate glands appeared to be
functional (i.e. if they had substantial accumulations
of clear, gel-like luminal material in their ampullae
and zig-zagging ducts which were crystalline in
appearance and ‘open’), then at least 1° MaA fibres
were observed upon examination by sem. (Not unex-
pectedly, the use of MiA glands, 1° and 2°, was more
variable. In structures formed principally from MaA
fibres, such as draglines and various orb web elements,
the occurrence of MiA fibres is also variable (Kava-
nagh & Tillinghast 1979; Work 1981). Of consider-
able interest, therefore, is the discovery of structures
containing MiA, but not MaA, fibres; namely, the
bridging lines produced by Arancus diadematus and
Linyphia triangularis (Peters 1990).)

Second, if the 1° ampullate glands are functional,
the 2° MaA glands are typically not used, even if they
are also functional. Again, this conclusion is based on
appearances of dissected glands and one cannot be
certain that functional-looking glands actually are
functional. However, as mentioned earlier, three
spiders that were drawing only 1° MaA fibres were
also drawing, or could have drawn from them, single
2° MiA fibres. Taken together, these observations
suggest that 2° ampullate glands become functional
before the 1° ampullate glands enter the white opaque
phase, but they are generally not used until that point
is reached. In three instances the concurrent use of 1°
and 2° MaA and/or MiA glands was observed in
spiders that were entering or close to entering the
white opaque phase. Thus, a transitional period can
apparently occur shortly before the 1° ampullate
glands become non-functional. Exclusive use of the 2°
ampullate glands seemingly occurs only once the 1°
ampullate glands actually become incapable of func-
tioning.

Third, 2° ampullate glands are not generally, if at
all, used in the building of orb webs. Like the I°
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ampullate glands, the flagelliform and aggregate
glands are apparently non-functional during much of
proecdysis, and since the latter two gland types
produce the core fibres and viscid cover, respectively,
of the adhesive spiral (Sekiguchi 1952; Peters 1955),
orb web construction is not possible at this time. It is
at this very time, however, that the 2° ampullate
glands are in use. Of course, if 2° ampullate glands are
functional at least briefly before the flagelliform and
aggregate glands become non-functional, then there is
the possibility that 2° ampullate fibres are incorpora-
ted into orb webs built in the latter portion of the
interecdysial period. After all, though our observa-
tions indicate that 2° ampullate fibres are not gener-
ally used to produce draglines until the start of the
white opaque phase, we do not know that the spider
similarly refrains from using 2° ampullate fibres in
producing orb web components, if such is possible.
However, considering just those spiders that were
found producing 2° MaA andjor 2° MiA fibres, the
shortest interval between the construction of the most
recent orb web and preparation of the spinnerets for
SEM was about 32 hr, and that was for a spider that
was apparently just entering the white opaque phase
(and was producing 1° and 2° MaA and MiA fibres).
Thus, to date, we have no evidence which indicates
that 2° ampullate fibres are used in building orb webs.
The question of 2° ampullate fibre use in orb webs
could be profitably explored using Peters’ (1982)
paraffin technique (unmodified).

We thank Dr Donald Chandler, UNH Department of
Entomology, for identification of flies, as well as Veronica
and Gene Specyalski for their generous provision of spiders.
This study was supported in part by NIH grant 1-R15-
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igure 1. (a) A portion of the left PMS from a seventh instar female A. cavaticus, close to ecdysing, showing the new
iticle beneath the old cuticle. The diagram in (4) outlines those structures in the photomicrograph relevant to the
pic at hand. Emergence from the white opaque phase was well under way by this time, so that the largely re-
rmr:{l duct of a 1” MiA gland is clearly visible connecting to the more anterior MiA spigot on the new cuticle. Only
— 1ce the old cuticle was removed at ecdysis would this gland have been able to resume functioning. A portion of

< i & o \ % & ; : .
z Zact is faintly visible connecting to the 19 MiA spigot on the old cuticle; a remnant, presumably, of the duct which

B . . . . J— . . .
% Sas functioning prior to the white opaque phase. The partially re-formed duct of a blocked 2° MiA gland can be

= Sen attached to the more posterior MiA spigot on the new cuticle. This gland, very thin at this time,would not have
:en used until late in the following stadium. Connected to the 2° MiA spigot on the old cuticle and passing through
e new cuticle is the duct of a well-developed, open 2° MiA gland. This gland would have remained functional
1l ecdysis. Note that the duct passes through a protuberance (nubbin progenitor) in the new cuticle (arrowheads
(a) and (b)). The unidentified spinning structures to the left of the MiA spigots in (@) are aciniform fusules. C,
lindrical gland spigot. Bar =25 pm.
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gure 2. Seventh instar male A. cavaticus 1n proecdysis: (a
wrt of the left ALS showing the 17 and 27 MaA spigots on
Sth the old cuticle (OC) and the underlying, new cuticle
{C). The duct (D) of an open 2° MaA gland can be seen
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issing through the new cuticle to maintain its attachment
the 2° MaA spigot on the old cuticle, thus allowing the
ider to continue drawing MaA fibres during proecdysis.
) Part of the right ALS from the same individual, showing,
ore precisely, the site at which open 29 MaA gland ducts
‘netrate the new cuticle in proecdysial spiders. Only the
'w cuticle 1s shown. The duct (D) of the open 2° MaA
and has been broken off just distal to the new cuticle. In

and (b)) tubules can be seen scattered on the surface of
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¢ new cuticle (unlabeled arrows point to examples). These
bules are portions of pyriform gland ducts which, like the
smen 2° MaA gland ducts, were passing through the new
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iticle to connect to fusules on the old cuticle (and were
vered during dissection). PA, principal apodeme (sce
1lson 1969). Bars=25 pm.
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gure 3. 17 and 2° MIA (a,b) and MaA (c¢) spigots on the new (developing) cuticle of proecdysial A. cavaticus. (a)
eft PMS from an eighth instar male, (4) left PMS from a seventh instar male, (¢) right ALS from a sixth instar
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male. 'The overlying, old cuticle has been removed in these preparations (and the ducts of the open 29 ampullate
ands severed from the old cuticle). In even-numbered instars (@) the ducts of the open 2° MiA glands pass through
sie new cuticle anterolateral to the 29 MiA spigots whereas in odd-numbered instars (b) the ducts pass
steromedial to the 27 MiA spigots. Open 27 MaA ducts penetrate the new cuticle lateral to the 2° MaA spigots
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both even-numbered (¢) and odd-numbered instars (see figure 24). D, duct of open 2° ampullate gland.
ars =295 pum.


http://rstb.royalsocietypublishing.org/

D.royalsocietyptiblishfig . org -
1 TS

Ly o
ok oot SR RN
" = '!!l'-'
. : -4 .

. .-_’_. 4 :.._ h I"

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

igure 4. Portions of spinnerets from an exuvium shed by a ninth (penultimate) instar female A. cavaticus: (a) 17 and
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MiA spigots on the right PMS, flanking a non-vestigial-type MiA nubbin (unlabeled arrow). (b) Distal segment
‘the left ALS showing the 17 and 2° MaA spigots, bordered on three sides by the pyriform spinning field. Silk fibres
s1ss through the 2° ampullate spigots in both (@) and (b) and sheaths (S), which begin at the 2° ampullate spigots,
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rround a portion of these fibres on the ‘internal’ side of the exuvium. The sheaths may be duct segments (at least
e cuticular liming) lost at ecdysis. (¢) Higher magnification view of the 2° MaA fibre from () at its point of entry
to the sheath (S). PA, principal apodeme. Bars: (¢,6) =50 pm; (¢) =10 pm.
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gure 6. (a) 19 and 2° MaA spigots on the right ALS of a
male Argiope aurantia 1n the penultimate stadium. () 1

TY

= aA spigot and vestigial-type MaA nubbin (v) on the right
LS of an adult female Argiwope trifasciata. An arrow in each
1otomicrograph points to the non-vestigial-type MaA
1tbbin (i.e. formed by the passage of an open 2° MaA duct
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crough the cuticle during proecdysis, see Discussion). The
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sules (upper right corner and along left side) in (a) and (4
rve pyriform glands. Several pyriform tartipores can be

en among the fusules. Bars=25 pum.
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