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A Trigona from Late Cretaceous Amber of
New Jersey (Hymenoptera: Apidae: Meliponinae)

CHARLES D. MICHENER1 AND DAVID A. GRIMALDI2

ABSTRACT

Trigona prisca new species is based on a fossil
worker in Late Cretaceous amber from Kinkora,
New Jersey. T. prisca is placed in the subgenus
Trigona s. str. and is remarkably similar to T. (T.)

cilipes of tropical America. Infrared spectrometry
shows the amber to be of araucariaceous (Conif-
erae) origin.

INTRODUCTION

The oldest known fossil bee is the Trigona
(subgenus Trigona) described below from a
specimen in Late Cretaceous New Jersey am-
ber. Considering the rarity ofNew Jersey am-
ber, it is surprising that the first Cretaceous
fossil ant to be found (Sphecomyrma) came
from amber in a nearby deposit of approxi-
mately the same age (Wilson et al., 1967). A
diverse fauna of bees comes from the late
Eocene Baltic amber (Zeuner and Manning,
1976), about 40 mybp, but no older fossil
bees have been known until now. Baltic am-
ber bees have been placed in the families An-
drenidae, Melittidae(?), Ctenoplectridae,
Megachilidae, Anthophoridae(?), and Api-
dae. Among the most interesting are two ex-
tinct genera thought to belong to the rare pa-
leotropical family Ctenoplectridae. Other

extinct genera are also present among the Bal-
tic amber bees, as would be anticipated for
an ancient fauna. The most relevant for the
present study are the Apidae that resemble
Trigona. They are (a) Trigona, an extant
tropical genus of stingless honey bees (Kel-
ner-Pillault, 1970), (b) Sophrobombus, an ex-
tinct genus possibly ancestral to the Melip-
oninae (Zeuner and Manning, 1976), and (c)
Electrapis, an extinct genus now thought to
be related to the true honey bees (Apis) (Wille,
1977). The Trigona has been removed to a
separate genus or subgenus, Kelnermelia
(Moure and Camargo, 1978), not present in
the modem fauna.
The Cretaceous bee, although about twice

as old as those from the Eocene, appears to
be a member of a modem neotropical sub-
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genus. This is particularly surprising consid-
ering the distinctiveness of the Eocene Baltic
bee fauna, and considering that the fossil ant
Sphecomyrma, also from the Late Creta-
ceous, is placed by itself in an archaic
subfamily, the Sphecomyrminae. One might
suspect that the bee is mislabeled or that its
stratigraphic position has been misinterpret-
ed. The history of the specimen since its dis-
covery, as well as its stratigraphic position
and amber chemistry, are explained here in
detail in order to dispel doubt as to the age
of the specimen.

THE AMBER

The piece of amber was found by the late
Alfred C. Hawkins in Kinkora, Burlington
County, New Jersey (40°07' 1 5"N, 74°45'
30"W), a locality on the eastern shore of the
Delaware River and at the edge of the Atlan-
tic Coastal Plain. It was probably found in
the 1920s or 1930s, possibly as a result of
mining the sugary, ferrugineous sand in that
area. More likely it was found in situ at one
of several points along the Delaware River
in Kinkora where three formations of black
clay lie exposed. These are the Merchantville
(Santonian to Campanian Stages, 88-74
mybp) (Petters, 1976), Magothy, and Raritan
Formations (the last one Cenomanian to Tu-
ronian, 96-89 mybp) (Berry, 1906; Owens
and Minard, 1964). Since there was lignite
on one side of the piece before grinding and
polishing, and this is the material that causes
the clay's dark gray stain, it is likely that the
amber was found in one of the three clay
formations. The locus typicus ofthe Kinkora
Late Cretaceous is described by Ries et al.
(1904: 381, 383) as "Loc. 113, Murrell Dob-
bins' brickyard, Kinkora," and as belonging
to the upper portion of the Raritan Forma-
tion. This deposit apparently corresponds to
the Magothy Formation on the map by Ow-
ens and Minard (1964).
The piece was originally deposited at Co-

lumbia University, but the Columbia Uni-
versity mineral collection has recently been
moved to the American Museum of Natural
History and the piece is now in the amber
insect collection of the Entomology Depart-
ment of that museum (AMNH C88720). Its
dimensions are 1.2 x 1.7 x 1.2 cm and it

contains 12 other arthropods (some only
fragments) in the following taxa: Phoridae,
Milichiidae, Curculionidae, Scelionidae,
Reduviidae (Emesinae), Cecidomyiidae, Is-
optera, and Acarina. These taxa will be treat-
ed elsewhere. Of these fossils, the bee is by
far the largest. The amber is transparent yel-
low.
Amber from the Atlantic Coastal Plain

varies in age from about 95 to 70 mybp, and
is reported from Maryland to Cape Cod in
strata of sand, fine clay, and lignite, along
with variable quantities of pyrite and glau-
conite. A list of New Jersey amber localities
based on museum specimens and published
records is available from D. Grimaldi. Am-
ber from this region is probably mostly gym-
nospermous in origin. There are two chem-
ically distinct forms of New Jersey amber
among eight sample sites tested by Langen-
heim (1969): one of araucariaceous (Conif-
erae) origin, with Kinkora listed as one ofthe
sites, the other [from Harrisonville and Pem-
berton (Burlington Co.)] similar to the resin
of Liquidambar (Hamamelidaceae: Angio-
spermae).
To our knowledge, only four New Jersey

amber sites have some sort of stratigraphic
(in each case, palynological) correlation (in
order from oldest to youngest): (1) Sayre-
Fisher Pits, Sayreville [Woodbridge Clay
Member of Raritan Formation (palynologi-
cal zone IV of Christopher, 1982), which is
late Cenomanian-early Turonian (ca. 92
mybp) and extends into Long Island (Sirkin,
1986)]; (2) Cliffwood Beds, Cliffwood Beach
[Magothy Formation (pollen zone CA- 1), late
Santonian (ca. 85 mybp; Sirkin, 1986)]; (3)
Ellisdale [Marshalltown Formation, late
Campanian (ca. 75 mybp; D. Parris, personal
commun.)]; (4) Sewell [Hornerstown For-
mation, Cretaceous-Tertiary Boundary (ca.
66 mybp; D. Parris, personal commun.)]. We
have followed Haq et al. (1987) as to ap-
proximate ages in years.
Chemical comparisons of the bee-contain-

ing amber were made with two ofthe ambers
of known stratigraphy listed above. Five
samples from four pieces of clear yellow New
Jersey amber were analyzed by Dr. Curt W.
Beck of the Amber Research Laboratory,
Vassar College, using a Fourier Transform
Infrared Diffractometer. The samples were as
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Fig. 1. Side view ofworker of Trigona (Trigona) prisca new species. Dotted lines represent structur-es
that can only be seen vaguely or in the case of the minute hairs on the inner side of the right hind tibia,
can only be inferred. Broken lines represent structures that are hidden in the view illustrated. Scale line =
1 mm. The leg reaching farthest to the rear is the right middle leg.

follows: two samples ofAMNH C88720 (bee
piece), two pieces from the Sayre-Fisher Pits,
and one piece from Ellisdale. In addition, an
opaque, orange piece, also from Kinkora, was
analyzed. To check on reproducibility, each
sample was run twice.

Dr. Beck reports that the bee piece and the
three other clear yellow pieces are so similar
in infrared (ir) spectra that they are either of
the same botanical origin, with variations in-
troduced by the vicissitudes of their deposi-
tional histories, or else they are of closely
related botanical origin, i.e., of different
species within the same genus. This group of
samples is characterized by a carbonyl ab-
sorption between 1695 and 1704 cm- I (mean

at 1698 cm-'), which indicates a free car-
boxylic acid function that is probably, but
not certainly, conjugated with a carbon-car-
bon double bond. The double bond, i.e., the
unsaturation, is plainly evident in all ir spec-
tra of all four pieces as consistent absorption
at 888 cm-'; this is due to a terminal double
bond, i.e., the structural feature RRC=CH2.
Much less consistent are other absorption

bands indicative ofunsaturation, e.g., the out-
of-plane carbon-hydrogen bending absorp-
tions near 980 cm-', 946 cm-', 924 cm-',
820 cm-', and 795 cm-'. Also, the confirm-
ing carbon-hydrogen stretching absorptions
at 2080 and/or 3040 cm-' are visible in only
four out of the eight spectra of this group.
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Figs. 2-8. Trigona (Trigona) prisca new species, worker. 2. Reconstruction of much of forewing,
also showing a tegula. 3. Anterolateral view of lower part of face and mandibles. 4. Anterior-dorsal,
slightly lateral, view ofhead with positions ofvaguely seen tegulae shown by dotted lines. 5. Dorsolateral
view of scutellum, one wing base, and tegula. 6, 7. Outer and inner views of apex of hind tibia, and base
of basitarsus in fig. 7. 8. Imaginary cross section of hind tibia at distal fourth, showing thin posterior
expansion (to left) and median, minutely hairy, elevated area (below). Scale line = 1 mm except = about
0.5 mm for figs. 3, 6, and 7. Dotted and broken lines as explained for fig. 1.

But the 888 cm-' band is enough to say that
all four samples are of an acid (not an ester)
resin with an exocyclic methylene group, and
that means a labdane skeleton like that of
agathic acid. That molecular type occurs in
fossil resins like the copal of southeast Asia,
derived from the genera Dammara and
Agathis (Araucariaceae). (The opaque orange
piece proved to be a completely saturated
acid resin, very different from the clear yellow
pieces, and is probably highly oxidized.) The
ir spectra corroborate palynological and
megafossil evidence (Hollick and Jeffrey,
1909) that the amber source was araucaria-
ceous. The spectra are filed in the Depart-
ment of Entomology, American Museum of
Natural History.

Dr. Jaap Boon, Fom-Instituut voor An-
toom-en Molecuulfysica, Amsterdam, tested
four samples ofNew Jersey amber, including
a small fragment of the bee piece, using py-
rolysis gas chromatography (see Poinar and
Haverkamp, 1985, for application of a relat-
ed technique to amber). The chromato-

graphic results, like the ir spectra, confirm
the similarity ofthe piece to other New Jersey
ambers. A detailed characterization of the
New Jersey ambers is in preparation by D.
Grimaldi and C. Beck and will be presented
elsewhere.
The ir data are not useful for extrapolating

the age of the bee piece, but do confirm a
common botanical origin for it and certain
New Jersey ambers of known age (92-75
mybp). Similar ambers are not known in the
New Jersey Tertiary. Thus the age based on
the exposures at Kinkora (96-74 mybp) seems
entirely reasonable; for brevity one can say
about 80 mybp.

THE BEE

The parts that can be seen are shown in the
illustrations. Much of the lower part of the
head and the neck region and the posterior
lateral part of the thorax are enveloped in
"schimmel," a whitish moldlike covering.
The bee must have been damaged early in
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the preservation process. Both antennal fla-
gella are broken off although the apical part
of one ofthem is near the tarsi. One front leg
is some distance away in the amber. The wings
are badly folded, broken, torn, and the tips
bent. The hind wing and posterior apical part
of the forewing cannot be seen; figure 2 is a
reconstruction of structures visible in differ-
ent views. Because of the difficulty of seeing
black hairs against black surfaces ofthe body,
lack of hair in some body areas in the figures
does not necessarily mean that hair is absent
there. The genal area, except for its upper
part, does seem hairless in the fossil, how-
ever.

Trigona (Trigona) prisca, new species
Figures 1-8

DIAGNOSIS: This is a Cretaceous amber fos-
sil of a worker Trigona of the subgenus Tri-
gona, as indicated by the toothed distal mar-
gin of mandible and other features. Only the
probable absence of branches on the hairs of
the posterior margin ofthe hind tibia suggests
a different subgeneric placement. The form
and structure, including the small, com-
pressed metasoma, closely resemble those of
T. (T.) cilipes (Fabricius), formerly called T.
compressa Latreille. This fossil differs from
T. cilipes in the slightly acute posterior apical
angle ofthe hind tibia and the weak rastellum
(only about 12 bristles).

DESCRIPTION: Comparisons below are fre-
quently with Trigona cilipes, because it is
common and is similar to the fossil. There
are, however, related species that are almost
as similar as T. cilipes is to the fossil. The
particularly distinctive features of the fossil
are set in capital letters.
WORKER: Length slightly over 5 mm; hind

tibial length 2.5 mm. Black with no evident
pale markings. Wings nearly uniformly trans-
parent, weakly brownish. Surface ofhead and
thorax not smooth and shining, rather close
small punctures visible at least on certain parts
ofscutellum (as in T. cilipes); surface ofmeta-
soma apparently not punctate. Vestiture dark,
rather dense, erect on head and thorax (as in
T. cilipes); genal area probably without erect
hair except above, as in T. cilipes. (In T. cil-
ipes the genal area lacks erect hairs but is
covered with minute, appressed white hairs.

When placed in immersion oil, these hairs
disappear and the genal area of T. cilipes then
looks like that of the fossil.) First four meta-
somal terga bare; remaining terga and sterna
with hairs (as far as visible) as in T. cilipes.
Head about as wide as thorax; metasoma

unusually small, much narrower than thorax.
(An occasional dried specimen of T. cilipes
has an almost equally small metasoma.) First
tergum wider than long; fifth and sixth terga
largely hidden beneath fourth, possibly dam-
aged; posterior part of metasoma with lon-
gitudinal middorsal fold, so that metasoma
is laterally compressed (as often in T. cilipes).
Mandible with three teeth on lower part of
apical margin; above these teeth a long, gently
concave margin probably followed by an up-
per tooth as in figure 3, but this only weakly
visible and possibly wrong interpreted. (If
correctly interpreted, mandible almost ex-
actly as in T. cilipes; see Schwarz, 1948, for
illustration.) Vertex not elevated behind ocel-
li; positions of ocelli as in T. cilipes.

Scutellum short, rounded posteriorly,
slightly overhanging metanotum (figs. 1, 5);
PROPODEUM SEEN (not clearly) IN PROFILE DE-
CLIVOUS, without slanting basal zone. Ante-
rior wing slightly shorter than body, visible
parts ofvenation (fig. 2) as in T. cilipes. Wing
covered with minute hairs, not much en-
larged along veins. Midtibia with long, fine
hair (as in T. cilipes). Hind tibia longer than
femur and trochanter together (tilting the
specimen shows that it is not as much longer
as appears in the possibly slightly dorsolat-
eral view of fig. 1). [Left hind tibia probably
somewhat deformed by pressure (constricted
medially) and appearing narrower, with pos-
terior margin not as convex as it should be
(fig. 1).] Basal half ofhind tibia densely hairy
on outer surface (more densely than in T.
cilipes); POSTERIOR APICAL ANGLE STRONGER
THAN IN T. CILIPES or other Trigona s. str.,
SLIGHTLY ACUTE. Inner surface of hind tibia
with long, raised area, presumably covered
with minute hairs (at least distally; they are
not resolvable elsewhere on right hand tibia
but dark color ofarea suggests their presence;
on left hand tibia abundant hairs along pos-
terior margin ofelevated area visible through
tibia from outer surface and shown on right
hand tibia in fig. 1); raised area seemingly not
as abruptly descending to posterior marginal
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Fig. 9. Map showing the locality for Trigona
(Trigona) prisca (arrow), the present distribution
ofthe subgenus Trigona (horizontal lines), and the
range of T. (T.) cilipes (vertical and horizontal
lines).

area as in T. cilipes (fig. 8). Posterior margin
of hind tibia with PROBABLY SIMPLE HAIRS
(branches mostly not resolvable) ARISING
FROM MARGIN PROPER, directed apicad, seem-
ingly mixed with some clearly simple hairs
of similar length, THESE HAIRS, EXCEEDED BY
A FEW LONG HAIRS, several of which arise on
inner surface of tibia near margin, at least
two on outer surface at margin (figs. 1, 6, 7).

Corbicular area weakly (or not?) concave,
WITHOUT HAIRS. Penicillus well developed;
anterior parapenicillus present, of rather ro-
bust hairs; posterior parapenicillus repre-
sented only by slender curled hairs arising
from posterior apical tibial angle (fig. 6). Ra-
stellum present but apparently consisting of
about a dozen bristles, shorter, less robust,
and less closely placed than in T. cilipes (fig.
7). Hind basitarsus little over twice as long
as wide, basal half narrowed basally, INNER
SURFACE WITH BASAL SERICEOUS AREA not
sharply defined, posteriorly directed setae on
outer surface near base few and short.
HOLOTYPE: The unique specimen is in the

amber collection of the Department of Ento-
mology, American Museum of Natural His-
tory (no. C88720). It is from the Late Cre-

taceous deposits at Kinkora, New Jersey, as
discussed in detail above.
ETYMOLOGY: The specific name is the fem-

inine form of the Latin adjective priscus,
meaning ancient.
GEOGRAPHIC POSITION: Figure 9 shows the

present distribution of Trigona s. str. and of
T. (T.) cilipes. Trigona has evidently retreat-
ed from a formerly broad Laurasian distri-
bution, presumably as a result of Tertiary
climatic cooling.

TAXONOMIC POSITION

The presence of a sericeous area on the
inner surface of the hind basitarsus indicates
that this species belongs either to the sub-
genus Trigona s. str. or the subgenus Tetra-
gona (not all species of which have such an
area). This placement is supported by the two
types of hair on or near the posterior margin
of the hind tibia-a few long coarse simple
hairs and abundant soft hairs, plumose in
living species of Trigona s. str. and Tetra-
gona. Some of these hairs were possibly plu-
mose in the fossil; it is impossible to resolve
branches clearly but a few apparent branches
can be seen.
No species of Tetragona are particularly

similar to the fossil. Nearly all the New World
species lack the sericeous hind basitarsal area
found in the fossil. Nearly all species have
the propodeum in profile arched posteriorly,
with a slanting surface below the metanotum,
instead of being wholly declivous as is prob-
ably true of the fossil. Nearly all have the
marginal cell distinctly open at the apex, un-
like the fossil.
Among the living species of Trigona s. str.,

however, T. cilipes and its allies are similar
to the fossil. The strongly toothed apical
mandibular margin clearly supports the
placement of this species in Trigona s. str.
(compare figs. 3 and 12). Visible features of
the fossil that differ or may differ from T.
cilipes are as follows:

1. Base of hind tibia a little more densely
punctate and hairy (fig. 1).

2. Raised area ofinner surface ofhind tib-
ia less abruptly differentiated from posterior
marginal area. (This seems to be true but one
cannot get the various views ofthe right hind
tibia needed to verify it. See fig. 8.)
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Figs. 10-12. Trigona (Trigona) cilipes (Fabricius). 10. Apex of hind tibia of worker, inner view. 11.
Same, outer view. 12. Mandible (SEM photos by D. Grimaldi).

3. Hind tibia distinctly longer than femur
and trochanter together (fig. 1). (Only slightly
so in T. cilipes; position and direction ofview
influence one's perception of this character
in the fossil.)

4. Posterior apical angle of hind tibia
slightly acute, sharper, and more prominent
than in T. cilipes (figs. 1, 6, 7) or other modem
Trigona s. str. (In T. cilipes the angle is ob-
tuse, rarely approaching right angular; see
Schwarz, 1948, and figs. 10, 11.)

5. Weak hairs of posterior marginal fringe
ofhind tibia directed apicad and shorter than
simple hairs arising on inner surface of tibial
margin (figs. 1, 8). (This appears to be partly
an artifact due to flow of the matrix, bending
these soft hairs apicad. On the distal part of
the right tibia, these hairs are more erect and
appear about as long as the simple hairs.)

6. Hairs of posterior marginal fringe of
hind tibia probably simple. The number of
branches is clearly less than in T. cilipes; in
most places the hairs of the fringe appear
simple and nowhere are branches unequiv-
ocally present.

7. Corbicular surface hairless (fig. 1). (Oth-
er meliponines including T. cilipes have a few
long, simple hairs arising from the corbicular
surface. We cannot see why they would not
be visible, if present, in the fossil.)

8. Rastellum consisting offewer (about 12),
shorter, and less closely placed bristles than
in T. cilipes (fig. 7), not fully visible in direct
lateral view. (This feature is hard to see in
the fossil but appears to differ from the long,
well-formed rastellum of about 20 bristles in
T. cilipes.)

9. Propodeum in profile entirely declivous

71 988



AMERICAN MUSEUM NOVITATES

(fig. 1). (It is a little arched posteriorly in T.
cilipes but unfortunately is not clearly visible
in fossil.)

10. Wings seemingly unicolorous. (In T.
cilipes the forewings are bicolored, milky dis-
tally, and slightly brownish basally. The pal-
lid distal coloration largely disappears in im-
mersion oil; thus this character may be
meaningless.)
As can be seen from the above compari-

sons, the fossil is incredibly similar to T. cil-
ipes considering its age, although a different
species. The most convincingly different
characters are 4 (which is easy to see accu-
rately but the difference is not great), 6, 7,
and 8 which are difficult to be really sure of
in spite ofthe apparently clear view provided
by the fossil. However, they appear to be val-
id differences between the fossil and T. cil-
ipes, and differentiate the fossil also from the
other species of Trigona s. str. as well as from
the species of Tetragona. Ifthe marginal hairs
of the hind tibia (character 5 above) are in-
deed simple or nearly so in T. prisca, as they
appear, this is strikingly different from all
living Trigona s. str. and Tetragona.
Joao M. F. Camargo examined our draw-

ings and description of T. prisca, and sent
careful drawings of hind tibiae and basitarsi
of various species of Trigona s. str., some of
them undescribed, for comparison. (See also
Schwarz, 1948, for comparative illustra-
tions.) His conclusions were similar to ours.
He called attention to the less convex pos-
terior hind tibial margin in T. prisca com-
pared to other species. This is true for the left
tibia (fig. 1) which, as indicated above, is
somewhat deformed, perhaps by flowing of
the amber. The visible part of the margin of
the right tibia, however, is more convex, as
in the related species.
A serious problem as to relationships with-

in the genus Trigona and its relatives is con-
vergence in external characters of workers.
For example, Brooks and Michener (in press)
showed that the African groups called Lio-
trigona and Hypotrigona differ greatly in the
ground plan of the male genitalia and hidden
sterna; it is difficult even to homologize some
parts in detail. The genitalic characters show
that each is related to other groups. But ex-
ternally the workers of Liotrigona and Hy-
potrigona are extremely similar and the char-

acters that are supposed to separate them
intergrade. The similarity of T. prisca and
modern Trigona could also result from con-
vergence. Unfortunately it is not possible to
dissect out the sting rudiments and the like;
placement in Trigona s. str. is indicated by
the characters that one can see, except for
number 6 in the above list. The toothed distal
mandibular margin is an especially strong in-
dication of the placement in Trigona s. str.

DISCUSSION

Since the Apidae have a long tongue, sheath
like labial palpi, a corbicula for pollen car-
rying, diverse structures for gathering the pol-
len and transferring it to the corbicula (Mich-
ener et al., 1978), etc., it is regarded as a
recently derived family of bees (specifically,
as derived from the paraphyletic Anthopho-
ridae; see Sakagami and Michener, 1987).
The Meliponinae may be an early branch of
the Apidae (Winston and Michener, 1977;
Kimsey, 1984), but Trigona (Trigona) is one
of the most derived groups of Meliponinae
according to Wille (1979). We see no evi-
dence in the characters used that indicate
Wille was incorrect in this assessment; Tri-
gona (Trigona) appears to have many apo-
morphies. (See Michener and Grimaldi, in
prep., for further discussion of such matters.)

Since the fossil, like other apids, possesses
many apomorphies relative to other families
of bees, the origin of Apoidea must be con-
siderably older than 80 mybp, probably Early
Cretaceous (ca. 130 mybp). This extrapolated
date may appear surprising, for the Apoidea
are often considered to have appeared with
the "flowering" of the angiosperms in the
middle Cretaceous (Michener, 1979). There
is, however, considerable fossil and biogeo-
graphic evidence that angiosperms arose by
at least the earliest Cretaceous (Crane et al.,
1986; Doyle et al., 1982). Thus an Early Cre-
taceous origin for the bees seems not only
possible but probably necessary. In fact, the
Mesozoic gymnosperm order Bennettitales
had flowers with showy bracts (Doyle, 1978)
and was probably insect pollinated, possibly
visited by bees, before the Cretaceous.
By the time of Trigona prisca, New Jersey

had a rich angiosperm flora. According to
Dorf's (1952) compilation, of the 169 plant
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taxa known from the Raritan Formation of
New Jersey (Cenomanian to Turonian, 96-
89 mybp) as macrofossils, 131 are angio-
sperms, many belonging to extant genera.
Kimyai's (1966) work on the Raritan For-
mation plants was entirely palynological, and
he found that 6-7 pteridophyte families were
most heavily represented and the only angio-
sperms found were Palmae, Proteaceae, Ul-
maceae, and Dicotyledones incertae sedis. (He
also provided reasons for the discrepancy be-
tween studies of palynological and macro-
fossil evidence.) All indications are that at 80
mybp New Jersey was tropical or subtropical
in climate and that angiosperms comprised
a substantial portion of the flora. At least by
middle Eocene there appear to have been in-
tricate relationships between flowers and pol-
linators, probably bees, such as exist today,
for middle Eocene malpighiaceous flowers
appear to have had oil-producing glands like
those of modem Malpighiaceae (Taylor and
Crepet, 1987); the oil is collected by antho-
phorid bees to feed their larvae.

It is interesting that no bees or other acu-
leate Hymenoptera have been found in the
Canadian amber (McAlpine and Martin,
1969), which is slightly more recent (ca. 72
mybp) than the New Jersey material. The
amber from Manitoba, like some of the New
Jersey material, also has an araucarian ir
spectrum (Langenheim, 1969) and it matches
the New Jersey amber in color, hardness, and
fractal characteristics. It has been collected
in great quantities and has been well surveyed
for fossils.
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