
Acta Palaeontol. Pol. 69 (4): 677–685, 2024	 https://doi.org/10.4202/app.01193.2024

Predator-predator-prey interaction between spiders and 
insects: First fossil evidence from 23 million-year old 
Chiapas amber syninclusion
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Syninclusions are palaeontological resources that provide palaeoautoecological evidence of fossil species and information 
on the biological interactions between different organisms that were part of a past ecosystem. Although palaeautoecological 
interactions in amber have been documented worldwide, interactions between predators and potential prey are rare. Here, 
we documented the first evidence in Miocene Chiapas amber of predator-predator-prey interaction involving two spider 
species and one insect: the araneophagous “pirate spider” Mimetus sp., the Theridiidae spider Thymoites carboti, and gall 
flies (Cecydomiidae). The interaction between Mimetus sp. and T. carboti is documented as a possible case of araneoph-
agy or opportunism. Also, the first evidence of a web built by some members of the Thymoites genus is presented. The 
taphonomic analysis of the amber piece indicated that they were all captured at the same time under the same resin flow.
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Introduction
Preservation of organisms in amber is an excellent source 
of biological information, particularly on invertebrates (e.g., 
Solórzano-Kraemer and Brown 2017; García-Villafuerte 
2018a). The organisms trapped in the resin usually die so 
quickly that they could have been fossilized in real-life time 
lapse (Arillo 2007). In this way, it is feasible to analyse the 
possible biological interactions between different inclusions 
preserved in the same piece of amber and their possible re-
lationship with the environment in which they lived. Arillo 
(2007) mentioned that when two or more organisms are 
embedded in the same resin flow, they probably lived and 
died on the same day; therefore, there is a possibility that 
these organisms lived in the same ecosystem. Associations 
between two or more organisms embedded in the same am-
ber piece are called syninclusions (Koteja 1996).

Palaeoecological inferences are based on the principle 
of biological actualism, which dictates that phenomena ob-
served today can be studied in the past (Cevallos-Ferriz and 
Ramírez 1998). Based on the previous premise, two methods 
have been proposed to infer the lifestyle of fossil species: (i) 
morphofunctional studies, also known as ecomorphologi-
cal studies, which analyse how the shape of fossil remains 
allowed, restricted or caused the functions that an organ-
ism could perform in its habitat (Plotnick and Baumiller 
2000; González-Guarda 2019; Vizcaíno et al. 2006); and 
(ii) the implementation of taxonomic analysis, which means 
that the lifestyle of extinct species is assumed based on the 
behaviour of the extant species with which they are more 
closely related (Dood and Stanton 1981). However, when it 
comes to the behaviour or ethology of living beings, the pro-
cesses can be more complicated to apply in palaeoecology 
because individuals, when adapting to new conditions, may 
not maintain the same behaviour. Therefore, it is important 
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to exercise caution with this interpretation in palaeonto-
logical and palaeobiological studies (Cevallos-Ferriz and 
Ramírez 1998).

Syninclusions are palaeontological resources that pro-
vide palaeoautoecological evidence of fossil species and 
information on the biological interactions between different 
organisms that were part of a past ecosystem (Arillo 2007). 
For example, cases of parasitism in insects preserved in 
amber from Spain, the Dominican Republic, and the Baltic 
have been recorded (Poinar and Miller 2002; Arillo 2007; 
Belokobylskij et al. 2021). Similarly, there are fossil records 
of spiders parasitized by fungi, nematodes, mites, and in-
sect larvae from Baltic and Dominican amber (Wunderlich 
2004), as well as termites parasitized by Sordariomycetes 
fungi from Chiapas amber (Arroyo-Sánchez et al. 2023).

Although autoecological interactions in amber have been 
documented worldwide, interactions between predators and 
potential prey are rare. The spider Geratonephila burman-
ica Poinar, 2012 (Nephilidae) preying on the platygastrid 
wasp Cascoscelio incassus Poinar, 2012 (Poinar and Buckley 
2012), a worker ant of Ceratomyrmex ellenbergeri Perrichot, 
Wang & Engel, 2016, grasping the alienopteran nymph of 
Caputoraptor elegans Bai, Beutel & Wipfle, 2018 (Barden 
et al. 2020), and indirect evidence of a spider preying on 
ticks (Dunlop et al. 2018; de la Fuente et al. 2024), have been 
documented in mid-Cretaceous Burmese amber. Some cases 
of araneophagy (Wunderlich 2004, 2008), also predator-prey 
interactions between the zodariid spider Anniculus balticus 
Petrunkevitch, 1942, and an ant (Penney and Selden 2011), 
and lacewing larvae (Neuroptera) with possible aphid prey 
(Haug et al. 2023) have been documented in the Baltic amber. 
From the Chiapas amber there are reports of a theridiid spider 
Theridion Walckenaer, 1805, preying on a dolichopodid fly 
(García-Villafuerte 2018a), and a clubonid spider Prosocer 
Petrunkevitch, 1963, preying on an ant Azteca Forel, 1878 
(Cordova-Tabares et al. 2024). Nevertheless, the three-way 
interaction between one predator and another predator and 
its prey has never been documented in amber.

In this study, we documented predator-prey (spider-in-
sect) and predator-predator (spider-spider) interactions in 
a piece of amber from the Early Miocene Chiapas amber, 
that involving two spider species, theridiid Thymoites car-
boti García-Villafuerte, 2022, as predator and the mimetid 
pirate spider Mimetus sp. (García-Villafuerte 2022), with a 
possible case of araneophagy or opportunism. Additionally, 
a taphonomic interpretation of the studied amber piece is 
presented.

Institutional abbreviations.—IHNFG, Instituto de Historia 
Natural, Fósil Geográfico (historically is the acronym 
used for the Paleontological Collection, currently under 
the custody of the Palaeontology Museum “Eliseo Palacios 
Aguilera”, Secretaría de Medio Ambiente e Historia Natural 
(SEMAHN), Chiapas, Mexico.

Other abbreviations.—ant, antenna; cw, remains of cobweb; 
esp, spinnerets; gd, glue droplets; MB1, first level mounting 

band; MB2, second level mounting band; MB3, third level 
mounting band; Op, opisthosoma; rs, raptor spines; wg, 
wing remains.

Material and methods
The material studied comes from the Los Pocitos mines 
excavating in the Mazantic Shale that crop out in the 
municipality of Simojovel de Allende, State of Chiapas, 
southern Mexico (Fig. 1). The Mazantic Shale is formed 
by a sequence of 310 m of dark gray shales that contain 
amber in association with pollen, benthic foraminifer-
ans, corals, echinoids, marine bivalves and gastropods, 
crabs, chondrichthyan remains, and terrestrial vertebrates 
(Langenheim et al. 1966; Frost and Langenheim 1974; 
Webb et al. 2003; Vega et al. 2009; Perrilliat et al. 2010; 
Carbot-Chanona et al. 2020). This lithological sequence 
has been dated with an absolute age of 23 Ma based on 
87Sr/86Sr isotopes of a sample taken from a well-preserved 
shell of the gastropod Turbinella maya Perrilliat, Vega & 
Coutiño, 2010, placing it in the Aquitanian, Early Miocene 
(Vega et al. 2009).

Originally, the studied piece had an oval shape, with 
the following dimensions: 30 mm wide, 18 mm long, and 
15 mm thick. The amber piece was cut in half. In one half, 
there are only a few plant fragments, and this part was 
conserved. In the second half, there are all the inclusions 
described here; this section was cut into seven different 
fragments to facilitate taxonomic identification of the spi-
der specimens and to properly identify the accompanying 
inclusions. Unfortunately, a photograph of the original piece 
was not taken, but a reconstruction was made, taking as ref-
erence the conserved sections of the original piece and using 
photographs of the preserved inclusions (Fig. 2). A catalog 
number was assigned to each fragment, as follow: male 
of Thymoites carboti IHNFG-5805; female of T. carboti 
IHNFG-5806; female of Mimetus sp. IHNFG-5808; Cedusa 
sp. (Derbidae) IHNFG-5809; small fruit IHNFG-5810; spi-
der web remains IHNFG-5811; small piece with lines of 
formation IHNFG-6184. 

The amber pieces were cut, sanded, and polished in the 
laboratory of the museum. A jeweler’s saw blade, adapted 
with a No. 1 blade, was used to cut. Subsequently, each piece 
was ground with different sandpaper grades (No. 320–No. 
1500). Using a liquid abrasive, each piece was polished to re-
veal each specimen’s morphological characteristics (García-
Villafuerte 2018b).

Information was collected using a Zeiss Stemi 2000-C 
stereomicroscope. Photographs were obtained using a dig-
ital camera attached to the stereomicroscope. Images were 
stacked using Helicon Focus software. Illustrations were 
created using Adobe Illustrator CC 2015 software. All mea-
surements are given in millimeters and were taken with an 
ocular micrometer attached to the stereomicroscope. Layers 
present in the amber piece which were originated as a con-
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sequence of independent flows of resin in different time 
intervals, were called “assembly bands”.

Considering the thickness of the original piece of amber, 
as well as the internal hue, three areas were denominated 
“mounting bands” and each was designed as: MB1, MB2, 
and MB3, with the aim of delimiting the position of the 
specimens studied.

Results
A total of 12 inclusions were identified in the piece of amber. 
In the MB3, which corresponded to the center of the piece, a 
planthopper of the genus Cedusa Fowler, 1904, (Hemiptera: 
Auchenorrhyncha: Derbidae) is present (Fig. 2). In MB2, 
meliponin bees (Hymenoptera: Apidae: Meliponini) are lo-
cated at the edge of the original piece. In MB1, a female spi-
der belonging to the genus Mimetus (Fig. 2), a lepidopteran 
larva, unidentified bryophytes, male and female Thymoites 

carboti spiders, three gall flies (Cecidomyiidae), unidenti-
fied insect remains, and small unidentified fruit were pres-
ent (Fig. 2). The first gall fly is close to the female T. carboti 
mouthparts (Fig. 3A). Although this region is not clearly 
observable, it is evident that the fly is trapped between the 
chelicerae. The second fly is trapped between right leg I and 
left legs I and II of the same spider (Fig. 3A). Also, there are 
cobweb remains attached from the right legs I and II of T. 
carboti to this fly (Fig. 3B). Another fly is on the right side 
of this spider and has remains of spider web attached to it, 
which makes us to hypothesize that this fly was a previously 
hunted prey stored in the spider web. Another web line ex-
tending 18 mm in length is attached to leg II of the Mimetus 
sp. (Fig. 3C). Small glue droplets are also observed in the 
web lines attached to T. carboti and flies as well as in the 
lines connected to leg II of Mimetus sp. (Fig. 3B, C).

Each inclusion observed in the study piece present abnor-
mal positions and a certain orientation in their morphological 
structures owing to resin flow, i.e., abnormal orientation in 
wing position, legs, chelicerae, pedipalps and antennae.
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Fig. 1. Location of Los Pocitos mines locality, Simojovel de Allende, State of Chiapas, southern Mexico, where the studied Early Miocene amber piece 
was obtained.
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3. Spider web remains (IHNFG-5811)

6. (IHNFG-5806)Thymoites carboti ♀

1. sp. (IHNFG-5809)Cedusa

5. Bees (Apidae) 7. Fruit (IHNFG-5810)

4. (IHNFG-5805)Thymoites carboti ♂
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2. sp. (IHNFG-5808)Mimetus
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Fig. 2. General overview of the syninclusions, showing the relative position of female Mimetus sp. (IHNFG-5808), the female (IHNFG-5806), and male 
(IHNFG-5805) of Thyomites carboti; the web line of T. carboti (IHNFG-5811), the small fruit (IHNFG-5810), bees (not numbered), and Cedusa sp. 
(IHNFG-5809), from Early Miocene Chiapas amber, Mexico. Scale bars 500 µm.
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Fig. 3. Predator-predator-prey interactions recorded in an Early Miocene amber piece from Los Pocitos mines, Simojovel de Allende, Chiapas, Mexico. 
A.  IHNFG-5806, the interaction between the female theridiid spider Thymoites carboti García-Villafuerte, 2022, and three gall flies (red arrows). 
B. IHNFG-5811, the cobweb of T. carboti showing the glue drops. C. IHNFG-5808, the interaction between the pirate spider Mimetus sp. and the cobweb 
of T. carboti (C1–C4); the detail (red rectangle in C1) of the cobweb attached to leg II of Mimetus sp. showing the glue droplet in the web line (arrowheads 
in C2). Roman numbers indicate the position of legs. Abbreviations: ant, antenna; cw, remains of cobweb; esp, spinnerets; gd, glue droplets; Op, opist-
hosoma; rs, raptor spines; wg, wing remains. Photographs (A1, B1, C1, C3) and schematic drawings (A2, B2, C2, C4). The position of syninclusions are 
showed in the Fig. 2. 
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Discussion
Spider-insect interaction.—The position of one gall fly 
trapped in the chelicerae and other between the first pair of 
legs of female Thymoites carboti, provides clear evidence 
that the spider was preying on these insects. Additionally, 
there are web lines joined to the legs I and II of the T. carboti 
and to the long legs and bodies of the three gall flies. These 
web lines have small glue droplets separated from each other 
along the web line (Fig. 3B), which is typical of the cobwebs 
used for prey capture by theridiid spiders. The web is at-
tributed to T. carboti because Mimetus spiders do not build 
capture cobwebs (Benavides and Hormiga 2020). Although 
these interpretations should be taken with caution because 
sometimes it is possible to misinterpreted the predatory be-
havior when animals are found together (see Penney 2014; 
Poinar and Buckley 2014), based on the above observations 
presented here, we deduce that T. carboti captured gall flies 
as prey. This is the second record that involves Theridiidae 
(previously known from Theridium cf. hispidum) preying on 
these insects in Chiapas amber (García-Villafuerte 2018a). 
Although Cordova-Tabares et al. (2024) argued that such 
evidence is merely a speculative assumption, these authors 
did not examine the relative piece first-hand, which draws 
into question the validity of their criticism.

Members of the Theridiidae family present a wide range 
of spider webs and hunting strategies (Santos-González 
2005). Many authors have described theridiid cobwebs built 
(e.g., Benjamin and Zschokke 2003; Eberhard et al. 2008); 
however, there is only one report of the cobweb structure 
of extant Thymoites pallidus (Emerton, 1913) (Guarisco 
2000). Therefore, it is not well known whether the cobwebs 
of this genus have lines with glue droplets, whether the silk 
is viscous, whether they have a leaf-like web structure, or 
whether they possess modifications such as a retraction area 
or rest for the spider (e.g., Benjamin and Zschokke 2003; 
Eberhard et al. 2008). In the amber pieces IHNFG-5808 and 
IHNFG-5811, small glue droplets are separately distributed 
from each other along two lines which was once the T. car-
boti web line (Fig. 3B). The distribution of these glue drop-
lets along the silk threads has an impact on prey retention in 
such a way, that threads with small glue droplets work with 
weak flying prey and long-legged insects, such as in the 
case of some groups of Diptera (Zschokke 2004; Eberhard 
et al. 2008). Based on the above, we hypothesize that it is 
likely that extant species of Thymoites build webs where 
silk lines contain small glue droplets spaced apart, which 
attach to the available surfaces, like other theridids (e.g., 
Zschokke 2003; Blackledge et al. 2005). However, this idea 
should be tested in the field or laboratory in living species of 
Thymoites. Therefore, here we documented the first cobweb 
evidence for Thymoites with the presence of small glue drop-
lets (Fig. 3B, C).

Spider-spider interaction.—All spiders are predators al-
though few species eat pollen and some species resort to 

araneophagy. This last practice is sometimes opportunistic 
in nature (Foelix 1982). However, there are some species 
which specialize in the capture and predation on spiders 
(Foelix 1982; Jackson and Hallas 1986; Jackson 1992; Pekár 
et al. 2024). Mimetids are generally presumed to be free-liv-
ing obligate araneophages (Penney et al. 2012). These spi-
ders are well known for their predatory tactics, invading 
webs, and using a vibrating lure to attract resident spiders 
within their deadly range (Kloock 2012). They even make 
movements on the nets of some theridids, as in the case of 
pirate spider Ero furcata (Villers, 1789), which forces the 
theridiid male to move away when he courts the female with 
the aim of taking his place and later slowly advancing to-
wards the female. While this happens, it uses its front legs to 
hit the threads, until it finally makes a deadly attack (Czajka 
1963). There have also been documented cases of opportu-
nistic mimetids feeding on insects trapped in the webs of 
other spiders (Jackson and Whitehouse 1986).

Members of the genus Mimetus are araneophages of 
orbicular web-weaving species (e.g., Araneidae and Tetra
gnathidae), and irregular web-weaving spiders (e.g., Dicty
nidae and Theridiidae), as well as spiders that generally do 
not build webs (Philodromidae, Salticidae, and Thomisidae) 
(Jackson and Whitehouse 1986; Kloock 2001, 2012; Romero 
and Flórez 2014).

In the assembly band MB1, both females Mimetus sp., 
female T. carboti, and the gall flies occur, indicating that 
they were all captured at the same time under the same resin 
flow. In this process, one of the web lines of the T. carboti 
was in contact with the leg II of Mimetus sp. (Fig.  3C), 
suggesting that there may be some type of interaction be-
tween both spiders, either a possible case of araneophagy or 
opportunism. Although there are cases of Mimetus araneo-
phagy reported in some theridiid species (e.g., Jackson and 
Whitehouse 1986; Kloock 2001, 2012), a case of specific 
interaction between extinct or extant members of Mimetus 
and Thymoites has not currently been recorded. Therefore, 
we document the first putative case of araneophagy of 
Mimetus on Thymoites.

Taphonomic notes.—When the resin is exuded, it may 
form structures in a shape of stalactites or drops (Weitschat 
and Wichard 1998). In this way, amber pieces are the result 
of a series of resin fluids originating from the tree species 
(Martínez-Delclòs et al. 2004). These fluids become flow 
lines, which are sometimes partially visible on the surface 
of the pieces but can be quite visible when the piece is cut 
and exposed to certain light orientations (Fig. 4). Internally, 
amber pieces can present these flow lines as sinuous lines 
(Martínez-Delclòs et al. 2004). In the original amber piece, 
36 sinuous lines were observed running around it, forming 
several deposition circles (Fig. 4). This indicates that the 
descent of the resin was a vertical and constant flow. It is 
ruled out that these are internal fractures of the amber based 
on two arguments: (i) internal amber fractures usually orig-
inated during the biostratonomy and/or diagenesis process, 
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and they do not have the appearance of smooth lines that run 
throughout the piece; (ii) fractures never follow the contour 
of inclusions; on the contrary, they often damage them (Coty 
et al. 2014). This is observed with the pirate spider included 
in piece IHNFG-5808, which is severely damaged due to its 
internal fractures.

The observed evidence indicates that the resin produc-
tion that led to the preservation of the piece analysed in this 
study, was continuous and fluid (see details on resin produc-
tion and polymerization in Martínez-Delclòs et al. 2004), 
leaving thin layers, what is inferred from the short distance 
between each of the sinuous lines (Fig. 4). Likewise, ac-
cording to Martínez-Delclòs et al. (2004), when we observe 
twisted wings, abnormal positions, or the specimens show 
oriented body structures (legs, antennae, wings, etc.), they 
generally reflect the constant flow of resin. This happens 
with the inclusions studied, in which abnormal positions and 
oriented body structures were observed. In contrast, drop-
type amber pieces, disarticulate the limbs of the trapped 
organisms (Martínez-Delclòs et al. 2004).

Due the position of the planthopper of the genus Cedusa 
located closer to the center of the original piece (Fig. 2), it is 
possible that it was the first organism trapped by the resin. 
Weitschat and Wichard (1998) mentioned that amber occa-
sionally preserves alternating light and dark bands, which 
represent successive flows. Martínez-Delclòs et al. (2004) 
pointed out that the darkest layers are generally the result of 
rapid drying by sunlight and the wind. Therefore, assembly 
band MB3 (Fig. 4) was produced by the first resin flows 
secreted by the tree, and it came into contact with Cedusa 
sp. Subsequent flows of resin formed the MB2, and the bees 
were trapped. Finally, resin descended and trapped the fe-
male Mimetus sp., the female of T. carboti, and the insects, 
forming the MB1. Probably this process took place at the 
base of the trunk of the tree that produced the resin, where 
sunlight and wind had less impact. Due to the presence of a 

small fruit (Fig. 2), we hypothesized that this occurred very 
close to the ground level, since the fruit is part of MB1.

Conclusions
Palaeoautoecological investigations of fossil spiders in 
Mexican amber are scarce. However, this type of research 
can provide important biological information that has not 
yet been recorded for extant representatives. This is the case 
provided by the spider web remains of Thymoites carboti, 
because until now, there has been no information on webs 
built by the extant species of Thymoites. Based on the palae-
ontological information presented here, we hypothesize that 
members of this genus build webs, with small drops of glue 
distributed along the capture lines of the web, making easier 
to capture prey with long legs and weak flight. However, 
the evidence presented here is based on a single individual, 
therefore pending more materials to get more conclusive re-
sults. Further research on this type of the web built by living 
Thymoites spiders is also required.

Predation by T. carboti on gall flies (Cecydomyiidae) 
in this study is evident since the insects are in contact with 
the web and one of them with the spider itself. On the other 
hand, although cases of araneophagy of extant members of 
Mimetus have been recorded in some species of Theridiidae, 
the interaction between extant species of Mimetus and 
Thymoites has never been documented. Although only one 
of the sticky silk lines of T. carboti was observed in contact 
with leg II of Mimetus sp., we suggest that, in the original 
piece, both spiders and gall flies were fossilized in a rela-
tively small space, and the position as well as the alignment 
of the two species of spiders in this piece of amber could 
not be only fortuitous. Thus, an interaction between the two 
species probably occurred. Therefore, a possible case of 
araneophagy or opportunism, as well as the first evidence 
in amber of predator-predator-prey interaction preserved in 
Miocene amber from Chiapas, are documented.
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