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Glue droplets in fossil spider webs
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ABSTRACT. Amber is well known to conserve small insects and spiders, preserving the finest
details of their morphology. However, spider webs in amber have so far largely been ignored, even
though some webs in amber are superbly preserved; with even the smallest details being visible, like
the glue droplets, which retain the prey in orb-webs and other araneoid webs. Here I present a brief
introduction to the occurrence and function of glue droplets in Recent spider webs, followed by
evidence of fossil glue droplets in Lebanese, Burmese, Baltic and Dominican ambers. A comparison
of their states of preservation suggests that glue droplets in Lebanese amber have swollen up more
than those in the other ambers. Finally, I discuss the evidence that these droplets are indeed
fossilized glue droplets.

PE3IOME. Xopo1o u3BeCTHO, 4TO SHTaph COACPKUT B ceO€ MEJIKHX HACEKOMBIX M IAyKOB,
COXpaHAd JaXXe CaMbI€ MEJIKHUE A€TAIN UX MOp(bOJ'lOFI/II/l. O)IHaKO, [mayTHHa I[ayKoB B AHTApPE 10 CUX
TOp UTHOPUPOBAIACh, HECMOTPSI HA TO, YTO HEKOTOPBIE 00pa3IIbl 1Ay THHEI BEJIMKOJICIIHO COXPaHH-
JHCH, C BUANMBIMH MEJBYANIINMU JeTaJIIMH, TAKUMHI KaK JINIKHE KaIlUIM, KOTOPBIE CITyXKaT IS
yepKaHus TOOBIYN B AyTHHAX apaHEOUIHBIX TayKOB. 31eCh 5 a0 KPaTKOe BBEJICHUE B HATTHINE
1 (YHKIHIO JINIIKUX KalleJib B TAyTHHAX COBPEMEHHBIX CETEH MayKOB, 3aTE€M IIPHUBOKY J0KA3aTEIIb-
CTBA CYLECTBOBAHMS JIMIIKUX KAIleJIb B JIMBAHCKOM, OUPMAaHCKOM, OQJITHIICKOM U JIOMHHHKAHCKOM
sHTapsix. CpaBHEHHE KayecTBa MX COXPAHHOCTH ITO3BOJISET 3aKIIOYHTH, YTO KICHKHE KaIllk B
JMBAaHCKOM sIHTape Oosee pa3OyXIIne, 4YeM KaIuli B IPYTHX SHTapsx. B 3akimrouenue, st o6cysxnaio
JIOKA3aTeIbCTBA TOTO, YTO ATH KAIUIH JEHCTBUTEIBHO (DOCCIIIM3UPOBAHHBIC JIUITKNE KaILIH.

KEY WORDS: Araneoidea, amber, glue droplet, spider silk, taphonomy, trace fossil, viscid silk,
palacontology.
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Introduction

Amber (polymerized fossil tree resin) has
been known for a long time as a rich source of
superbly preserved insects and other small or-
ganisms [e.g., Poinar & Poinar, 1999; Weitschat
& Wichard, 2002]. Until recently, however,
trace fossils in amber, i.e., fossils not of the
organism itself, but of something the organism
left behind, have been largely ignored. Among

the most interesting trace fossils are spider webs,
parts of which are occasionally superbly pre-
served [Poinar & Poinar, 1999], sometimes down
to what appear to be glue droplets of the viscid
silk [Bachofen-Echt, 1934; Zschokke, 2003].
Such droplets in fossil spider webs have
been described several times. However, the
origin of these droplets has been interpreted in
different ways. The first description of spider
webs in amber dates back to Menge [1856]. He
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Figs 1-3. Glue droplets in Recent webs: 1 — Araneus marmoreus (Clerck, 1757); 2 — Nephila sp.; 3 — Cyclosa

walckenaeri (O. Pickard-Cambridge, 1889). Scale: 500 pm.

Puc. 1-3. JIunkue Karum B COBpeMEHHbIX nayTtuHax: | — Araneus marmoreus (Clerck, 1757); 2 — Nephila sp.;
3 — Cyclosa walckenaeri (O. Pickard-Cambridge, 1889). Macmura6: 500 um.

interpreted these droplets as resin droplets that
had flowed down along the silk thread. Almost
acentury later, Bachofen-Echt [1934] described
some spider webs with what he called “Kliimp-
chen von Klebestoff” (small clumps of adhe-
sive, i.e., glue droplets). Wunderlich [1986: 10,
227] figured two examples of spider silk with
what he also considered to be glue droplets.
Schlee [1990] on the other hand discussed the
presence of small droplets along strands of
spider silk, considering them to be resin drop-
lets that had flowed along the silk and which
had dried to a certain extent before they were
embedded by a subsequent resin flow. Recent-
ly, Zschokke [2003] described a single thread
with droplets, which he interpreted as glue drop-
lets.

No previous study has systematically docu-
mented fossil droplets along strands of spider
silk embedded in amber. The aim of this paper
is to document droplets on spider silk in Leba-
nese, Burmese, Baltic and Dominican ambers,
and to examine the evidence that suggests that
these droplets are indeed fossilized glue drop-
lets. In the first section, I present some informa-
tion on Recent glue droplets. The second sec-
tion of the paper is devoted to the description of
fossil glue droplets from the various ambers
and to the comparison of their state of preserva-
tion. In the final section, I present evidence
supporting the hypothesis that these droplets
are fossilized glue droplets. A review of fossil
spider webs will be presented elsewhere.

Recent glue droplets

Glue droplets are typically found in webs
built by araneoid spiders. Indeed, the aggregate
silk glands, which produce the material for the
gluey coating of sticky threads, have been sug-
gested as the best single character defining the
superfamily Araneoidea [Coddington, 1986].
The superfamily Araneoidea includes, among
others, all ecribellate orb-weavers and the fam-
ilies Linyphiidae and Theridiidae. In ecribel-
late orb-webs, glue droplets are found exclu-
sively on the sticky spiral [e.g., Zschokke, 2002],
where they are used to capture and retain prey.
In theridiid webs, glue droplets can be found
either along the gumfooted lines or within the
sheet, depending on the type of web [Benjamin
& Zschokke, 2003]. In these webs, glue drop-
lets are also used to capture and retain prey. In
contrast, in linyphiid webs, where glue droplets
are found in the sheet, glue droplets are used to
cement the different layers of the sheet together
[Benjamin et al., 2002].

Glue droplets in orb-webs consist of a com-
plex mixture of glycoproteins, covered by an
aqueous solution of organic substances (mostly
amino acids) and inorganic salts (KNO,,
KH,PO,) [for details see Vollrath et al., 1990,
Vollrath & Tillinghast, 1991], which makes
them highly hygroscopic [Townleyetal., 1991].
In Recent orb-webs, the size of the glue droplets
varies considerably between species, with di-
ameters ranging from less than 10 pm to 200
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Figs 4-6. Merging glue droplets of Nephila sp.: 4 — after 0 seconds; 5 — after 18 seconds; 6 — after 40 seconds.

Scale: 500 pm.

Puc. 4-6. Cnusinue nunkux Kamnens y Nephila sp.: 4 — uepe3 0 cekyH; 5— uepes 18 cekynn; 6 — uepe3 40 cexyHI.

Macmira6: 500 pm.

pm inundisturbed webs [Figs 1-3; Peters, 1987;
Opell, 2002]. The largest glue droplets are prob-
ably found in the webs of some Nephila spp.
(Tetragnathidae) [pers. obs.]. In linyphiid webs,
droplet size also varies greatly, however, these
droplets seem to be smaller than those in orb-
webs [2-10 um diameter; Peters & Kovoor,
1991; Benjaminet al., 2002]. For some species,
it is characteristic for the glue droplets along a
thread to alternate in size between large and
small ones [Fig. 1; Vollrath, 1992]. When an
orb-web is damaged and threads with glue drop-
lets have come into contact with each other,
these threads will tend to slowly merge into one
thread, which then bears droplets of increased
size and a less regular arrangement (Figs 4—0).
This merging is most likely caused by the sur-
face tension of the droplets.

Fossil glue droplets

Here, I present data of fossil spider silk with
what I consider to be fossil glue droplets (see below)
from four different types of amber, ordered by age.
The uniformity of the size of the glue droplets within
each specimen was assessed by calculating their
coefficient of variation (C.V.). The following abbre-
viations for collections are used in the text: JW =
Jorg Wunderlich’s collection (Hirschberg-Leuters-
hausen, Germany); MEW = Museum of the Earth,
Warsaw, Poland (Dr. J. Kupryjanowicz); SMNS =
Staatliches Museum fiir Naturkunde, Stuttgart, Ger-
many (Dr. G. Bechly); SZ = author’s personal col-
lection. Absolute ages are based on the IUGS [2000].

Lebanese amber

Lebanese amber collected near Jezzine is
considered to be the oldest amber with animal
inclusions and is dated to the late Valanginian to
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Table.

List of amber specimens containing spider silk with glue droplets. Median droplet size and range (in
parentheses) is given, as well as the Coefficient of Variation (C.V.) and the number of droplets.

Tabnuua.

Cnincok 06pasLoB sHTapsi, CoAepXKalLmX nay4vbio nayTUHYy C UNKMMU KannsMu. [aHbl cpeaHuin pasmep
Kannu un Bapmaumm (B ckobkax), a Takke KoadpdpurumeHnt Bapmauum (C.V.) n konmyecTBo Kanenb.

Amber type Age Botanical Specimen Droplet size  C.V. # droplets
(Mya) source (um)
Lebanese 130-135 Agathis levantensis SMNS: 19/2 12 (7-85) 1.02 38
(Coniferales: Araucariaceae)
Burmese 95-105 Metasequoia sp. SZ: M5 40 (13-275) 0.84 65
(Coniferales: Cupressaceae) SZ: M 15 41 (17-116) 0.61 22
Baltic 35-50 Pinites succinifer or SZ:B14 119 (42-385) 0.60 31
Pseudolarix sp. SZ:B 18 19 (8-55) 0.57 42
(Coniferales: Pinaceae) = MEW: 20493TG 19 (9-113) 0.77 109
Dominican  15-20 Hymenaea protera SZ: D 38 25 (8-456) 1.26 102
(Fabales: Fabaceae) SZ: D 40 129 (29-1250) 1.16 78
SZ: D 41 76 (25-778) 1.15 43
SZ: D 46 51 (17-574) 1.30 45
SZ: D 47 30 (12-812) 1.62 28

Hauterivian stage of the Lower Cretaceous (c.
130-135 Mya = Million years ago) [Schlee &
Dietrich, 1970]. The botanical origin of Leba-
nese amber is thought to be the Kauri pine (4g-
athis levantensis, Coniferales: Araucariaceae)
[Lambert et al., 1996; Poinar & Milki, 2001].

A single specimen with a short piece of
spider thread containing glue droplets has re-
cently been described from Lebanese amber
(SMNS: 19/2) [Zschokke, 2003], representing
the oldest direct evidence for viscid silk and for
spider webs. In this specimen, 38 distinct glue
droplets can be distinguished, mostly with di-
ameters between seven and 29 pm. Five drop-
lets are considerably larger, with diameters up
to 85 um (Table).

Burmese amber

Burmese amber is now dated to the Late
Albian or the Cenomanian stage of the Middle
Cretaceous (c. 95-105 Mya) [Zherikhin & Ross,
2000; Grimaldiet al.,2002; Cruickshank & Ko,
2003]. The botanical origin of Burmese amber
is thought to be Metasequoia sp. (Coniferales:
Cupressaceae) [Grimaldi et al., 2002].

For this study, two Burmese amber speci-
mens containing silk with droplets were avail-
able. In one specimen (Fig. 7), 65 droplets are
distinguishable, mostly with diameters between
13 and 70 pm. Nine droplets are larger with
diameters up to 275 um. In the other specimen,

only 22 droplets are visible, with diameters
ranging from 17 to 116 pm.

Baltic amber

Baltic amber constitutes most of the amber
known today and is generally considered to
have been formed in the Eocene, 35-50 Mya.
The botanical origin of Baltic amber is thought
to be Pinites succinifer or Pseudolarix sp. (Co-
niferales: Pinaceae) [Grimaldi, 1996].

Three specimens were available for this study.
In two specimens, the droplets are rather small
(Fig. 8, median = 19 pm), whereas one specimen
features larger droplets (Fig. 9, median = 119
um). Nevertheless, the size of the droplets with-
in each specimen is fairly uniform, with coeffi-
cients of variance smaller than 0.8 (Table).

Dominican amber

Dominican amber generally contains the best
preserved amber fossils. It is dated at late Early
Miocene to early Middle Miocene, 15-20 Mya
[Iturralde-Vinent & MacPhee, 1996]. The bo-
tanical origin of Dominican amber is thought to
be the algarroba tree (Hymenaea protera, Fa-
bales: Fabaceae) [Poinar & Poinar, 1999].

For this study, five specimens were avail-
able. It is striking, how large some of the drop-
lets in each of these specimens are (Fig. 10,
Table). Each of the five specimens contains
some droplets with diameters larger than 400
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Fig. 7. Silk strands with glue droplets in Burmese amber (SZ: M 5). Scale: 1 mm.
Puc. 7. HuTu nmayTHHBI C TUITKIMU KaIUIIMH B OupMaHcKoM siHtape (SZ: M 5). MacmTa6: 1 Mm.

Figs 8-9. Silk strands in Baltic amber: 8 — silk with glue droplets (arrow) near an araneoid spider (visible are just
some legs of a Synotaxidae, ?4crometa sp., det. JW; SZ: B 18); 9 — Silk with and without glue droplets (SZ: B 14).
Scale: 1 mm.

Puc. 8-9. Hutn nayTuHs! B 0anThiickoM siHTape: 8 — IMayTHHA C JIMIKUMH KaIUISIMH (IIOMe4YeHa CTPENKOil) Bo3iie
apaHeOWIHOTO MayKa (BUIHBI TOJIBKO HECKOJIBKO HOT Synotaxidae, ?Acrometa sp., onpen. JW; SZ: B 18); 9 — maytuna
C JIMIIKAMH KaruisiMu ¥ 0e3 HUX B Oantuiickom siHTape (SZ: B 14). Macmtab: 1 mm.

W oW G- .
1% /ﬂ‘?/ -
s/l - /4

Fig. 10. Silk with glue droplets in Dominican amber, showing glue droplets which have swollen up, probably through
the uptake of water (SZ: D 46). Scale: 1 mm.

Puc. 10. I[TayTnHa ¢ IMIKKUMH KalULSIMKA B JOMMHUKAQHCKOM SIHTape, Ha KOTOPO# JIMIKUE KAIUIH B34y IUCh, BUINMO,
M3-3a TOTO, YTO BIHTAIH Boxy. (SZ: D 46). Macmrab: 1 mm.
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pm, one even contains two droplets with a
diameter larger than 1 mm. At the same time, all
specimens also contain a large number of small
droplets, resulting in a high variability of drop-
let sizes (C.V. > 1.1 for all specimens).

Preservation of droplets

The preservation of the droplets differs be-
tween the different types of amber. Whereas
droplets more or less retained a uniform size
within each specimen in Baltic and Burmese
amber, the droplets in Dominican amber show a
higher size variability than those in the other
types of ambers (Table; ANOVA, F,,=11.58,
P =10.004). I have observed a similar pattern in
a few more specimens of Baltic and Dominican
ambers. However, I could not include them in
this analysis due to lack of measurements. If we
assume that the droplets were reasonably uni-
form in size before the thread was engulfed in
resin, the following questions remain to be an-
swered: (a) why did some glue droplets in-
crease in size? and (b) why is the size variability
of the droplets in Dominican amber so much
higher than in the other ambers analyzed?

Since glue droplets are highly hygroscopic
[Townleyet al., 1991], any water in close prox-
imity to them will be taken up, leading to the
observed increase in size. An uneven size in-
crease of the droplets can thus be explained by
an uneven availability of water to the droplets,
either due to a variable water content of the
resin or a variable water permeability of the
resin. We can only speculate about the reason
why the size variability of the droplets in Do-
minican amber is higher than in other amber
types. One reason could be the botanical origin
of the resin. Whereas the older ambers stem from
coniferous resin, the origin of Dominican amber
is a deciduous tree. It is thus possible that the
different preservation states of glue droplets in
Dominican amber are caused by a difference in
resin composition between the two plant groups.

Origin of the droplets in fossil spi-
der webs

As outlined in the introduction, there are
two competing hypotheses concerning the ori-
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gin of the droplets in spider webs in amber: the
droplets were either droplets of resin or glue
droplets produced by spiders. The idea that
glue droplets have been preserved in amber
may initially seem surprising, since glue drop-
lets and resin are both liquid. However, a closer
analysis reveals that the glue droplets hypothe-
sis is not as unlikely as it may at first appear.
Firstly, the shape, arrangement and size of the
fossil glue droplets in most cases closely match-
es (except some distended droplets in Domini-
can amber) that of glue droplets in Recent spi-
der webs, especially if we consider that some of
the fossil spider threads are likely to have merged
before or during engulfment in resin and the
droplets thus increased in size and have become
less regular (Figs 4-6).

Judging from the superb preservation of
glue droplets in several specimens (e.g., Fig. 9),
it is quite likely that the resin that covered these
threads had a low viscosity, otherwise the drop-
lets would probably have been destroyed by the
force of the resin flow. It can be easily under-
stood why the glue droplets did not mix with the
resin. Glue droplets consist of proteins and water
[Vollrath et al., 1990] and the resin, consisting
mainly of terpenoids [Langenheim, 1990], is
highly hydrophobic. The two substances repel
each other and therefore do not mix.

A small experiment shows that glue droplets
can indeed remain intact under such conditions:
when a fragment of a Recent orb-web was im-
mersed in turpentine oil (terpenoids extracted
from pine resin), the glue droplets stayed per-
fectly intact (Fig. 12). Removing the silk with
the glue droplets from the oil affected them only
minimally (some droplets merged). When a
similar experiment was repeated with water
instead of turpentine oil, the glue droplets largely
dissolved in the water and no remains of them
were obvious when the thread was taken out of
the water. Similarly, it is also well known that
fossil water droplets have remained intact in
amber [Buchberger et al., 1997]. However, in
contrast to these water droplets, the glue drop-
lets have become solid like the surrounding
amber matrix.

The hypothesis that these droplets are fossil
glue droplets is further supported by the regu-
larity and symmetry of the droplets in many
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Fig. 11. Thin linear object (?spider silk) with resin droplets in Baltic amber (JW: F919). Scale: 1 mm.

o .

Puc. 11. Tonkuii nuHeitHpI 00beKT (?rayTHHA NayKa) ¢ KalIIMH cMOJIBI B Oantuiickom situtape (JW: F919).

Macrra6: 1 mm.

Fig. 12. Recent silk with glue droplets immersed in turpentine oil. Scale: 500 pm.

Puc. 12. CoBpemeHHast ayTHHA C JHIIKIMH KaIUSIMH, IIOMEIIEHHAsl B CKHITIIapHoe Macino. Macmrad: 500 um.

pieces of amber, the fact that some threads in
one piece have droplets, and other, neighbour-
ing threads do not have them (Fig. 9), and the
fact that we cannot find other linear objects with
such small resin droplets. Droplets that can be
identified as resin droplets do occur, but they
are much larger and have a different shape
compared to the droplets in spider webs (Fig.
11). Finally, there are amber specimens where a
thread with glue droplets is embedded near an
araneoid spider, like the one shown in Fig. 8.
All these considerations strongly support the
hypothesis that the droplets along the spider
threads are really fossilized glue droplets.

Conclusions

The degree of swelling of the droplets in
Dominican amber is greater than in the other
ambers studied (Lebanese, Burmese and Bal-
tic). I suggest that this difference is related to
the botanical origin of the amber forming resin.

From the available evidence I conclude that
the droplets found in fossil spider webs in am-
ber are indeed fossilized glue droplets. Thus, it
can be inferred that the use of silk with glue
droplets dates back to at least the lower Creta-
ceous, confirming the conclusions drawn from
the fossil araneoid spiders from the same period
[Selden, 1989; Penney & Selden, 2002].
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