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            Abstract
Since the time of Darwin1, evolutionary biologists have been fascinated by the spectacular adaptations to insect pollination exhibited by orchids. However, despite being the most diverse plant family on Earth2, the Orchidaceae lack a definitive fossil record and thus many aspects of their evolutionary history remain obscure. Here we report an exquisitely preserved orchid pollinarium (of Meliorchis caribea gen. et sp. nov.) attached to the mesoscutellum of an extinct stingless bee, Proplebeia dominicana, recovered from Miocene amber in the Dominican Republic, that is 15–20 million years (Myr) old3. This discovery constitutes both the first unambiguous fossil of Orchidaceae4 and an unprecedented direct fossil observation of a plant–pollinator interaction5,6. By applying cladistic methods to a morphological character matrix, we resolve the phylogenetic position of M. caribea within the extant subtribe Goodyerinae (subfamily Orchidoideae). We use the ages of other fossil monocots and M. caribea to calibrate a molecular phylogenetic tree of the Orchidaceae. Our results indicate that the most recent common ancestor of extant orchids lived in the Late Cretaceous (76–84 Myr ago), and also suggest that the dramatic radiation of orchids began shortly after the mass extinctions at the K/T boundary. These results further support the hypothesis of an ancient origin for Orchidaceae.
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                    Figure 1: 
                        Holotype of 
                        Meliorchis caribea
                         gen. et sp. nov.
                      [image: ]


Figure 2: Morphology and pollinarium placement of modern Goodyerinae and hypothetical reconstruction of floral morphology of  Meliorchis caribea.[image: ]


Figure 3: 
                        Cladogram showing the estimated position of 
                        Meliorchis
                         among modern clades in the orchid subfamily Orchidoideae.
                      [image: ]


Figure 4: Fossil-calibrated molecular clock chronogram of the family Orchidaceae, based on ∼3 kilobases of plastid DNA ( matK  and  rbcL).[image: ]
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Since Darwin's time, biologists have been fascinated by the intimate relationship between orchids and their pollinators. The antiquity of this relationship is demonstrated by the remarkable fossil shown on the cover. Preserved in 15–20-million-year-old amber from the Dominican Republic, a worker stingless bee carries an orchid pollinarium. The pollinarium is the male reproductive structure, transferred as a single unit during pollination, complete with a mass of pollen grains. The find, surprisingly, is the first definitive fossil from the Orchidaceae family. The pollinarium's morphology locates the plant in the subtribe Goodyerinae. By combining this information with dates from related fossil plants, a new calibration of the molecular phylogeny of the Orchidaceae has been obtained. The analysis rejects the common assumption of a recent (Tertiary) origin for orchids, and suggests, instead, that they originated during the Late Cretaceous, 80 million years ago.
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