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ABSTRACT

Amber and copal are renowned for preserving insects and other inclusions with lifelike fidelity. However, due to their frozen-
in-time nature, they are taxonomically subequal to Recent insects, which commonly require dissection in order to identify them
to species level. This can be overcome to a degree through digital dissection using computed tomography, but this technique is
time consuming, expensive, and not widely accessible. We attempted to dissolve inclusions out of Dominican and Baltic ambers
and Quaternary Colombian copal using chloroform. Extraction of specimens from amber was unsuccessful, but we were able
to extract a stingless bee from the less polymerized copal and dissect it under a microscope as if it were a recently caught insect.
We were able to examine all of the features that are considered to be diagnostic for extant species, and thus our subfossil is
taxonomically equivalent to a living species. The copal bee is a new species of the Trigonisca longitarsis species group (=Dolichot-
rigona), which is described and figured herein as Trigonisca ameliae n. sp. (Hymenoptera: Apidae). The ability to extract inclu-
sions from (sub)fossil resins facilitates more accurate studies of Quaternary tropical forest biodiversity, in addition to molecular
paleobiology and taphonomic physiochemical changes resulting from diagenetic processes following entombment in copal- and
amber-forming resins. Colombian copal is radiocarbon dated within the age range <60 (postbomb) to 10,612 + 62 years old.
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INTRODUCTION

The nomenclature of (sub)fossil resins is problematic (Vavra,
2009), and the distinction between amber and its subfossil-
ized precursor, copal, has not been clearly defined. Generally
speaking, copal is much younger and less polymerized (and
hence softer) than amber. Many paleontologists consider copal
too young to be of interest and, as a result, little research has
focused on this material. However, Penney and Preziosi (2010,
2013), Penney and others (2012b), and Penney and Green
(2012) highlighted the potential value (at many different levels)
of subfossils in copal.

Both amber and copal are renowned for preserving insects and
other inclusions with lifelike fidelity (Penney, 2010), including, in
some cases, at the subcellular level (Koller, Schmitt, & Tischendorf,
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2005). However, the exact mode of preservation in amber is unknown,
although it is commonly referred to as a kind of mummification
process resulting from rapid fixation and dehydration of anything
that became trapped in the original resin secretion. The process will
presumably vary, albeit possibly only slightly, in different ambers as
the result of differences in the chemistry of the resin secreted from
the amber producing trees, which originated from various different
families (e.g., Langenheim, 1995). Certainly, the process is not
uniform for all inclusions. For example, the recent application of
X-ray computed tomography in studies of fossils in amber has dem-
onstrated that, in some instances, internal organs are preserved, e.g.,
in the case of a strepsipteran preserved in Eocene Baltic amber (Pohl
& others, 2010), whereas digital dissection of a spider preserved in
Eocene French amber revealed that nothing substantial was preserved
internally (Penney & others, 2007).
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Although the application of computed tomography and syn-
chrotron scanning to amber and copal inclusions has aided the
study of these fossils considerably by narrowing the divide between
paleontological and neontological taxonomy (Penney & others,
2007, 2011, 2012a, 2012d; Bosselaers & others, 2010; Pohl &
others, 2010; Soriano & others, 2010; Dunlop & others, 2011,
2012) and by allowing us to study unique paleoethology (Dunlop &
others, 2012; Penney & others, 2012c¢), they are still considered by
many neontologists to be taxonomically subequal to extant forms.
These techniques are time consuming, very expensive, require spe-
cialist technical expertise, and are restricted in their availability. It
would be greatly beneficial if fossils could be extracted from their
(sub)fossilized resin matrix so that they could be studied along-
side extant forms using the same techniques (including electron
microscopy; e.g., Azar & others, 1999) and taxonomic characters
for their identification. Extraction of fossils from (sub)fossilized
resins would also facilitate studies of their molecular paleobiology
and taphonomic physiochemical changes resulting from diagenetic
processes, in addition to more accurate quantitative studies of
Quaternary tropical forest biodiversity.

Previous successful studies to extract inclusions by dissolving
amber include those of Azar (1997), Azar and others (1999), and
Mazur and others (2012). Azar (1997) was able to dissolve upper
Neocomian—basal lower Aptian (ca. 135 Ma) amber from Lebanon.
Various solvents (e.g., ethanol, butanol, acetone, toluene) were tried,
but only chloroform gave satisfactory results, yielding articulated
but fragile fragments of insect cuticle, including heads, abdomens,
wings, and genitalia. Mazur and others (2012) found xylene, tolu-
ene, chloroform, orange oil, and turpentine oil useful for dissolving
inclusions out of Eocene (ca. 52 Ma) Cambay amber from India. In
both, the aforementioned studies, the extracted inclusions were very
fragile, no doubt because of their great antiquity. Here, we apply
a similar technique to inclusions preserved in Dominican amber,
Baltic amber, and Colombian copal, and describe a new species of
stingless bee from the last deposit.

Stingless bees (tribe Meliponini) are one of only two highly eu-
social bees, the other being the well-studied honeybee (tribe Apini).
Unlike Apini, with only 11 species in the single genus Apis, stingless
bees form a large and diverse taxon that consists of 60 genera, many
of which are poorly known (Rasmussen & Cameron, 2010). They
are found in abundance in warm humid forests around the globe
and have left an imprint in the fossil record spanning most of the
Cenozoic. Poinar (1999) proposed that the demise of stingless bees
known from Dominican amber but absent from the Greater Antilles
today resulted from a cool period associated with increased aridity
during the Plio-Pleistocene, although Pefalver and Grimaldi (2006)
suggested that the insularization of Hispaniola was probably a more
important factor. Hence, fossils and subfossils of this group of organ-
isms have the potential to be informative about past biogeographical
processes and the comparative extinction resistance of island versus
continental lineages. The relatively young age of many copals means
that inclusions may belong to extant species, even though they
may have not yet been described in the scientific literature. The
possibility that a copal inclusion may belong either to an extant or
an extinct species highlights the importance of considering both
neontological and paleontological data when describing new taxa
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from copal-producing regions (Penney, Ono, & Selden, 2005; Azar,
Nel, & Waller, 2009).

MATERIALS AND METHODS

Our samples included one specimen of Miocene Dominican
amber (ca. 16 Ma) containing a flat-footed beetle (Coleoptera),
one specimen of Baltic amber (ca. 44-49 Ma) containing a small
fly (Diptera), and a specimen of sub-Recent Colombian copal (post-
WWII) (radiocarbon dated at the University of Arizona AMS facility)
containing stingless bees (Apidae: Meliponini: Trigonisca sp.) (Fig.
1.1). A second Colombian copal specimen, also containing the same
species of stingless bee, was sent for dating at the Arizona AMS facil-
ity. This came back with an age of 10,612 + 62 years, representing
the oldest formally dated Colombian copal sample. The specimens
were trimmed to a small workable size using a High-Tech diamond
trim saw, and then each specimen was further shaved down using a
scalpel into a small cube of approximately 0.4 g (-4 mm?®), with the
inclusion situated in the middle. Microphotographs were assembled
from a stacked series of digital images recorded by a Nikon Coolpix
4500 camera mounted on a Leica M10 stereomicroscope with 0.63x
and 1.6x planapochromatic objectives (Green, 2005).

Using a laminar flow hood, each specimen was placed with 5 ml
of chloroform into a glass tube with a screw-top lid, and then placed
in a water bath (with the rocking motion switched off) at 40° C and
left for 48 hours, during which time they were checked periodically.

RESULTS

After 48 hours, the copal sample appeared to have dissolved to
a greater extent than either of the amber samples. However, there
was a highly viscous, nondissolved fraction floating across the surface
of the chloroform. The inclusion had dissolved out fully intact and
was positioned immediately below this fraction. When the tube was
shaken gently, the inclusion floated freely in the liquid below the
viscous layer. For all intents and purposes, it resembled a Recent
entomological specimen preserved in alcohol. The amber samples had
dissolved to a degree, but in a much less consistent manner. Some
parts had softened and come apart to form separate gooey masses,
and there were also small, hard fragments of nondissolved amber.
The insect inclusions had disintegrated, not unexpectedly, leaving
only tiny black fragments as evidence of their previous existence.
Leaving the specimens in the water bath for several days longer did
not result in any significant changes in the amber samples. Thus,
the amber samples were set aside as unworkable in terms of their
taxonomic value, whereas the bee was successfully extracted from
the copal and identified as a new species, following dissection in
alcohol under a stereomicroscope.

SYSTEMATIC PALEONTOLOGY

APIDAE Latreille, 1802
APINAE Latreille, 1802
TRIGONISCA Moure, 1950
LONGITARSIS species group

Type species.—Melipona longitarsis Ducke, 1916, p. 82, 88, 90,
fig. 25a.
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Figure 1. Trigonisca ameliae Penney n. sp. in Quaternary copal from Colombia: 7, holotype (NHM II 3059 [1]), scale bar = 1.0 mm; 2, paratype 1 (NHM

11 3059 [2]) showing wing venation; 3, paratype 2 (NHM II 3059 [3]); 4, close-up of holotype; 5, close-up of holotype showing lack of setaec on head

and antennae; 6, paratype 3 showing left mandible dissected from the head after extraction of the inclusion using chloroform (with trace outline of 7
moratoi mandible for comparison) (new).

Included species.— Trigonisca browni (Camargo & Pedro, 2005),
1" chachapoya (Camargo & Pedro, 2005), 1. clavicornis (Camargo
& Pedro, 2005), T longitarsis (Ducke, 1916), 1" martinezi (Brethes,
1920), 1. mendersoni (Camargo & Pedro, 2005), 7. moratoi (Camargo
& Pedro, 2005), 1. rondoni (Camargo & Pedro, 2005), 1. schulthessi
(Friese, 1900), 7. tavaresi (Camargo & Pedro, 2005).

Comments.—The above taxa were described or listed under
Dolichotrigona by Camargo and Pedro (2005). However, the most
widely accepted classification for Meliponini worldwide is that of
Michener (2007), in which Dolichotrigona forms the longitarsis

species group of Trigonisca. In order to enforce monophyletic taxa
within Meliponini, Rasmussen and Cameron (2010) confirmed
that Dolichotrigona should be synonymized under Trigonisca, sensu
Camargo and Pedro (2005). To facilitate comparison, the following
diagnosis and description are based on the characters used in the
genus revision by Camargo and Pedro (2005).

TRIGONISCA AMELIAE Penney n. sp.
Figures 1-2
Etymology—The specific epithet is a matronym after Amelia Jan
Penney, daughter of the first author.



Figure 2. Wing venation of Trigonisca ameliae Penney n. sp. in Quaternary
copal from Colombia, as drawn from paratype 1 (NHM II 3059 [2]) (see
Fig. 1.2) (new).

Material—The specimens are held in the collection of the Natural
History Museum, London, United Kingdom (repository number:
NHM II 3059). Holotype worker female (NHM II 3059 [1]) and
two paratype workers (NHM II 3059 [2] and [3]) all preserved
in the same piece of copal. A third paratype from the same piece of
copal was dissolved out for dissection. The copal piece has one Diptera
(Phoridae) and one Hymenoptera (Formicidae) as syninclusions.

Diagnosis—Mandible with two teeth, anterior tooth distinctly
larger, and the angle between the teeth sharp and approximately 90
degrees; head and antennae lacking setae and spines.

Dimensions (in mm).—Approximate total length, 2.7; head, 0.6;
thorax, 0.9; abdomen, 1.2; maximum width of head, 1.1; tibia III,
0.9; anterior wing, 2.2.

Color—Head, thorax, and abdomen dark red-brown, appearing
almost black in some specimens (Fig. 1.1-1.5), but also copper
colored under reflected light. There is no evidence of any other
color patches (although sometimes these are not preserved in copal
and amber specimens). Mandible yellowish (Fig. 1.6). Scape yellow
basally and for most of its length, becoming suffused with black
distally to appear brownish; pedicel and flagellar segments similarly
brownish. Proximal leg segments dark reddish brown, basitarsus
appears yellowish in some specimens under reflected light; me-
diotarsus, distitarsus, claws, and arolium yellow. Wing membrane
hyaline; forewing pterostigma with dark margins, veins and inner
area of pterostigma pale yellowish brown. Note: these colors and
patterns may be the result of diagenetic processes, and thus may not
be representative of how living specimens of this species may have
looked. Nonetheless, somatic patterns are often readily observable
in copal inclusions.

Pubescence—Antennae, head, and thorax lacking setae and spines
(Fig. 1.5); legs with inconspicuous pale setae present on tibiae and
tarsal segments.

Integument.—Very finely punctate.

Shape and proportions—Head 1.5x wider than long, eyes 2.25x
longer than wide (Fig. 1.5). Mandibles with two teeth, anterior tooth
distinctly larger, and angle between teeth sharp and approximately 90
degrees (Fig. 1.6). Scape approximately 10x longer than wide. First
flagellomere subconical and wider than long, remaining flagellomeres
cylindrical and slightly longer than wide, with distalmost twice as
long as wide; lacking setae but with small, whitish, scalelike sensillae.
Lateral ocelli slightly closer to median ocellus than to compound
eyes. Interocellar distance equal to diameter of median ocellus. Tibia
I (Fig. 1.4) approximately three times longer than at its greatest
width (distally), forming an elongate triangle with posterior distal
extremity drawn out to a point. Basitarsus III two times longer than
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broad; distal posterior corner angle acute. Wing dimensions cannot
be measured accurately due to folding, but venation and pterostigma
appear typical for genus (Fig. 1.2, Fig. 2).

Comments—Based on the morphological characters used for
delimiting the separate species in the longitarsis (Dolichotrigona)
species group used in the revision of Camargo and Pedro (2005),
Trigonisca ameliae sp. nov. can be considered intermediate between
1. moratoi (with regard to mandibular armature) and 7. mendersoni
(with regard to the setae on the head and antennae). The mandible
is very similar to that in the former species but differs in the posi-
tion of the minor tooth, which is located more distally in the new
species (Fig. 1.6). The head and antennae lack setae and spines, very
similar, but not identical, to the latter species, which has a few setae
on the antenna (Camargo & Pedro, 2005, fig. 17) and also in the
ocellar region (Camargo & Pedro, 2005, fig. 25). This absence is
highly unlikely to be an artifact of preservation, as setae do occur
elsewhere on the inclusions and even ultrafine modified setae, such
as trichobothria are preserved in Cretaceous fossil resins more than
100 million years old (e.g., Penney, 2006).

Trigonisca moratoi and T. mendersoni occur in close proxim-
ity to one another. T mendersoni is known only from Brazil, the
Rio Purus region of Ipixuna, to the western end of Rondénia and
East of Acre, whereas T moratoi is known only from the states of
Amazonas and Acre, Brazil (Camargo & Pedro, 2005). Hence, they
occur at the same latitude and are separated by only eight degrees of
longitude, based on the very few known records. Only a handful of
specimens were examined during the description of these two spe-
cies, so the extent of any intraspecific, geographic variation cannot
be determined. Thus, we cannot rule out the possibility that these
two species are synonymous with one another and also with our new
species. Also, mandibles may become worn in older individuals (C.
Rasmussen, personal communication, 2012), and thus may not be
the most useful character for species diagnosis. However, based on
the current taxonomic status of this group, which was revised by
very experienced researchers, we believe that erecting a new species
for our specimens is the best option available. A future study based
on larger sample sizes of broader geographical coverage, possibly in-
cluding molecular techniques and the study of male genitalia, would
be useful to confirm the validity of the currently accepted species.

Despite the revision of Camargo and Pedro (2005), the extant
Neotropical stingless bees belonging to this group are poorly known.
Evidence for this lies in the number of new species described in the
revision and also in the limited distribution and ecology-habitat
data presented. However, stingless bees have been reasonably well
studied in New World ambers (Willie, 1959; Willie & Chandler,
1964; Camargo, Moure, & Roubik, 1988; Camargo, Grimaldi,
& Pedro, 2000; Greco & others, 2011), so it is surprising that
no current experts in this group have examined specimens in Co-
lombian copal. A stingless bee in copal was described by Moure
and Camargo (1978), although the provenance of the material was
unknown. The inclusion showed affinities to the extant Afrotropi-
cal fauna, and so it most probably originated from Madagascar,
a well-known source of fossiliferous copal. Although our new
species is known only from subfossils in copal that originate from
Santander, Colombia, the possibility that it is an extant species that
still occurs in South America cannot be entirely ruled out. The
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only extant species recorded from Colombia is Trigonisca schulthessi
(Friese), which differs from the copal specimens by possessing a
single, small mandibular tooth and short setae on the antennae
(Camargo & Pedro, 2005).

DISCUSSION

Given that the attempts to dissolve specimens out of amber
resulted in total destruction of the inclusion beyond recognition,
with only particulate fragments remaining, we do not recommend
this approach. Our studied amber inclusions were no doubt typical
of most fossil arthropods preserved in amber in consisting of only
hollow spaces lined with a thin layer of diagenetically altered cuticle.
However, our findings contrast with those of Azar (1997), who
was able to recover articulated elements of fossilized insect bodies
from Lebanese amber. Maybe this is due to differences in the resin
chemistry or maybe Azar (1997) used much thinner samples than
we did. It should be noted that Cambay amber from India derives
from a dammar-like resin, and so is only weakly polymerized and
cross-linked (Rust & others, 2010), compared to the majority of
other ambers of Cenozoic age (e.g., Baltic and Dominican), so the
fact that Mazur and others (2012) were able to dissolve it in organic
solvents is not particularly unexpected. An alternative method of
accessing (but not completely extracting) inclusions fossilized in
amber is to crack the amber open using liquid nitrogen, as employed
by Stankiewicz and others (1998), or by cutting the specimen to a
small size, cutting a groove around the inclusion and then gently
splitting the amber apart (Grimaldi & others, 1994).

However, the ability to extract inclusions from copal is potentially
useful for various areas of paleobiological research. Unfortunately,
in the extraction of the bee from the chloroform it was necessary
to pull it through the viscous nondissolved fraction, and it became
coated with the sticky residue, which started to harden and became
difficult to work with as it cooled in air. Various attempts were
made to remove this, such as washing it with absolute alcohol as an
alternative solvent, also in a hot water bath, but without success. A
second specimen from the same piece of copal kept in a water bath
at 40° C for six days appeared to have dissolved completely, and
the bee sank to the bottom of the tube when it was shaken slightly.
There was barely any sticky film over the fluid surface, and it was
possible to pipette the inclusion out of the fluid without any sticky
coating. This specimen was extracted in a dedicated ancient DNA
clean room for destructive DNA sampling, so it was not possible to
take any images of it. The ability to fully dissolve the resin would
be highly beneficial for future studies, and subsequent research by
resin chemists would be particularly welcomed.

Nonetheless, we were able to recover the stingless bee from
the first sample, articulated and in its entirety, which could then
be dissected as if it were a recently caught specimen, albeit with
some hindrance from the sticky coating. We were able to examine
important taxonomic features, such as the mandibular dentition,
that were impossible to see in the individuals preserved inside the
copal matrix, resulting in the new species described herein. It is
worth noting that the extracted specimen seemed to be a little
more fragile than might be expected in recently preserved extant
material, and so such specimens should be treated with particular
care. At this stage, the long-term fate of such extracted specimens

is unknown, but we would expect them to survive reasonably well
if preserved in alcohol.

ACKNOWLEDGMENTS

We thank Michael Engel, Victor Gonzalez Betancourt, and Claus
Rasmussen for confirming the generic identity of our specimens. DP
acknowledges financial support from Siri Scientific Press and from a
University of Manchester award to TAB and REP; CW acknowledges
a NERC PhD studentship. We thank Mitzi Demartino and the NSF
Arizona AMS Laboratory, Tucson, for dating our copal samples, and
Dmitri Logunov (Manchester Museum) for access to entomological
resources. DP dedicates this paper to all the hard working staff of
The Royal Oldham Hospital Maternity Services Department.

REFERENCES

Azar, D. 1997. A new method for extracting plant and insect fossils from
Lebanese amber. Palacontology 40:1027-1029.

Azar, D., G. Fleck, A. Nel, & M. Solignac. 1999. A new enicocephalid
bug, Enicocephalinus acragrimaldii gen. nov., sp. nov., from the lower
Cretaceous amber of Lebanon (Insecta, Heteroptera, Enicocephalidac).
Estudios del Museo de Ciencias Naturales de Alava 14 (Ntumero Especial
2):217-230.

Azar, D., A. Nel, & A. Waller. 2009. Two new Ptiloneuridae from Colombian
copal (Psocodea: Psocomorpha). Denisia 26:21-28.

Bosselaers, J., M. Dierick, V. Cnudde, B. Masschaele, L. Van Hoorebeke,
& L. Jacobs. 2010. High resolution X-ray computed tomography of an
extant new Donuea (Araneae: Liocranidae) species in Madagascan copal.
Zootaxa 2427:25-35.

Brethes, J. 1920. Insectes du Pérou. Annales de la Sociedad Cientifica
Argentina 89:51-54.

Camargo, J. M. E, D. A. Grimaldi, & S. R. M. Pedro. 2000. The extinct
fauna of stingless bees (Hymenoptera: Apidae: Meliponini) in Dominican
amber: Two new species and redescription of the male of Proplebeia do-
minicana (Wille and Chandler). American Museum Novitates 3293:1-24.

Camargo, J]. M. E, J. S. Moure, & D. W. Roubik. 1988. Melipona yucatanica
new species (Hymenoptera: Apidae: Meliponinae); stingless bee dispersal
across the Caribbean Arc and Post-Eocene vicariance. The Pan-Pacific
Entomologist 64:147-157.

Camargo, J. M. E, & S. R. M. Pedro. 2005. Meliponini Neotropicais: O
género Dolichotrigona Moure (Hymenoptera, Apidae, Apinae). Revista
Brasileira de Entomologia 49:69-92.

Ducke, A. 1916. Enumeracio dos Hymenopteros colligidos pela Commis-
sdo e Revisdo das espécies de abelhas do Brasil. Commissao de Linhas
Telegraphicas e Estrategicas de Matto Grosso ao Amazonas, publicagao
no. 35, annexo 5, Hist. Nat. Zool., Ministério da Agricultura. Rio de
Janeiro. 177 p., fig. 13-25 + errata.

Dunlop, J. A., D. Penney, N. Daluge, P. Jiger, A. McNeil, R. Bradley, P. J.
Withers, & R. E Preziosi. 2011. Computed tomography recovers data
from historical amber: An example from huntsman spiders. Naturwis-
senschaften 98:519-527.

Dunlop, J. A., S. Wirth, D. Penney, A. McNeil, R. S. Bradley, P. J. Withers,
& R. E Preziosi. 2012. A minute fossil phoretic mite recovered by X-ray
computed tomography. Biology Letters 8:457-460.

Friese, H. 1900. Neue Arten der Bienengattungen Melipona Ill. und Trigona
Jur. Természetrajzi Fiizetek 23:381-391.

Greco, M. K., 2. M. Welz, M. Siegrist, S. J. Ferguson, P. Gallmann, D. W.
Roubik, & M. S. Engel. 2011. Description of an ancient social bee trapped
in amber using diagnostic radioentomology. Insectes Sociaux 58:487-494.

Green, D. 1. 2005. Digital combination photography: A technique for
producing improved images of microscopic minerals. Australian Journal
of Mineralogy 11:13-24.



Grimaldi, D. A., B. Bonwich, M. Delannoy, & S. Doberstein. 1994. Electron
microscope studies of mummified tissues in amber fossils. American
Museum Novitates 3097:1-31.

Koller, B., J. M. Schmitt, & G. Tischendorf. 2005. Cellular fine structures
and histochemical reactions in the tissue of a cypress twig preserved in
Baltic amber. Proceedings of the Royal Society B 272:121-126.

Langenheim, J. H. 1995. Biology of amber-producing trees: Focus on case
studies of Hymenaea and Agathis. Proceedings of the American Chemical
Society, Symposium Series 617:1-31.

Latreille, P. A. 1802. Histoire naturelle générale et particulieres des crustacés
et des insectes. E Dufart. Paris. xii + 467 p.

Mazur, N., M. Nagel, U. Leppin, G. Biertbaum, & J. Rust. 2012. The
extraction of fossil arthropods from Lower Eocene Cambay amber. Acta
Palacontologica Polonica. available online 24 Sep 2012, doi: http://
dx.doi.org/10.4202/app.2012.0018.

Michener, C. D. 2007. The Bees of the World. The Johns Hopkins Uni-
versity Press. Baltimore, Maryland. 992 p.

Moure, J. S. 1950. Contribuigio para o conhecimento das espécies brasileiras
de Hyporrigona Cockerell (Hymen.—Apoidea). Dusenia 1:241-260.
Moure, J. S., & J. M. E. Camargo. 1978. A fossil stingless bee from copal
(Hymenoptera: Apidae). Journal of the Kansas Entomological Society

51:560-566.

Penialver, E., & D. Grimaldi. 2006. New data on Miocene butterflies in
Dominican amber (Lepidoptera: Riodinidae and Nymphalidae) with
the description of a new nymphalid. American Museum Novitates
3519:1-17.

Penney, D. 2006. The oldest lagonomegopid spider, a new species in Lower
Cretaceous amber from Alava, Spain. Geologica Acta 4:377-382.

Penney, D., ed. 2010. Biodiversity of Fossils in Amber from the Major World
Deposits. Siri Scientific Press. Manchester, UK. 304 p.

Penney, D., M. Dierick, V. Cnudde, B. Masschaele, J. Vlasssenbroeck, L.
Van Hoorebeke, & P. Jacobs. 2007. First fossil Micropholcommatidae
(Araneae), imaged in Eocene Paris amber using X-ray computed tomog-
raphy. Zootaxa 1623:47-53.

Penney, D., & D. I. Green. 2012. Sub-fossils in copal: An undervalued
resource. Deposits Magazine 31:14-19.

Penney, D., D. I. Green, A. McNeil, R. Bradley, Y. M. Marusik, P. J. With-
ers, & R. F Preziosi. 2011. A new species of anapid spider (Arthropoda:
Araneae, Anapidae) in Eocene Baltic amber, imaged using X-ray computed
tomography. Zootaxa 2742:61-68.

Penney, D., D. I. Green, A. McNeil, R. Bradley, Y. Marusik, P. J. Withers,
& R. F Preziosi. 2012a. A new species of Craspedisia (Araneae: Theri-
diidae) in Miocene Dominican amber, imaged using X-ray computed
tomography. Paleontological Journal 2012(6):35-40.

Penney, D., D. I. Green, S. B. Titchener, B. G. Titchener, T. A. Brown,
& R. E Preziosi. 2012b. An unusual palacobiocoenosis of (sub)fossil
spiders in Colombian copal. Bulletin of the British Arachnological
Society 15:241-244.

Paleontological Contributions, number 7

Penney, D., A. McNeil, D. I. Green, R. Bradley, J. E. Jepson, P. J. Withers,
& R. F. Preziosi. 2012¢. Ancient Ephemeroptera-Collembola symbiosis
predicts contemporary phoretic associations. PLoS ONE 7(10):e47651,
doi: 10.1371/journal.pone.0047651.

Penney, D., A. McNeil, D. I. Green, R. Bradley, P. ]J. Withers, & R. E
Preziosi. 2012d. The oldest fossil pirate spider (Araneae: Mimetidae),
in uppermost Eocene Indian amber, imaged using X-ray computed
tomography. Bulletin of the British Arachnological Society 15:299-302.

Penney, D., H. Ono, & P. A. Selden. 2005. A new synonymy for the Mada-
gascan copal spider fauna (Araneae, Selenopidae). Journal of Afrotropical
Zoology 2:43-46.

Penney, D., & R. E Preziosi. 2010. On inclusions in subfossil resins (copal).
InD. Penney, ed., Biodiversity of Fossils in Amber from the Major World
Deposits. Siri Scientific Press. Manchester, UK. p. 299-303.

Penney, D., & R. E Preziosi. 2013. Sub-fossils in copal: An undervalued
scientific resource. Abstracts and Proceedings of the International Amber
Researcher Symposium (Deposits—Collections—The Market). Gdansk
International Fair Co. Amberif 2013. Gdansk, Poland. p. 38—43.

Pohl, H., B. Wipfler, D. Grimaldi, E Beckmann, & R. G. Beutel. 2010.
Reconstructing the anatomy of the 42-million-year-old fossil Mengea
tertiara (Insecta, Strepsiptera). Naturwissenschaften 97:855-859.

Poinar, Jr., G. O. 1999. Extinction of tropical insect lineages in Dominican
amber from Plio-Pleistocene cooling events. Russian Entomological
Journal 8:1-4.

Rasmussen, C., & S. A. Cameron. 2010. Global stingless bee phylogeny
supports ancient divergence, vicariance, and long distance dispersal.
Biological Journal of the Linnean Society 99:206-232.

Rust, J., H. Singh, R. S. Rana, T. McCann, L. Singh, K. Anderson, N.
Sarkar, P C. Nascimbene, E Stebner, J. C. Thomas, M. Solérzano
Kraemer, J. C. Williams, M. S. Engel, A. Sahni, & D. Grimaldi. 2010.
Biogeographic and evolutionary implications of a diverse paleobiota
in amber from the early Eocene of India. Proceedings of the National
Academy of Sciences, USA 107:18,360-18,365.

Soriano, C., M. Archer, D. Azar, Ph. Creaser, X. Delclos, H. Godthelp, S.
Hand, A. Jones, A. Nel, D. Néraudeau, J. Ortega-Blanco, R. Pérez de la
Fuente, V. Perrichot, E. Saupe, M. Solérzano-Kraemer, & P. Tafforeau.
2010. Synchrotron X-ray imaging of inclusions in amber. Comptes
Rendus Palevol 9:361-368.

Stankiewicz, B. A., H. N. Poinar, D. E. G. Briggs, R. P. Evershed, & G. O.
Poinar, Jr. 1998. Chemical preservation of plants and insects in natural
resins. Proceedings of the Royal Society B 265:641-647.

Vavra, N. 2009. Amber, fossil resins, and copal—Contributions to the
terminology of fossil plant resins. Denisia 26:213-222.

Willie, A. 1959. A new fossil stingless bee (Meliponini) from the amber of
Chiapas, Mexico. Journal of Paleontology 33:849-852.

Wille, A., & L. C. Chandler. 1964. A new stingless bee from the Tertiary
amber of the Dominican Republic (Hymenoptera: Meliponini). Revista
de Biologfa Tropical 12:187-195.



