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the pollinator proven visitors with pollinia/pollen attached
and observed to bring about pollination of a ower under natu-
ral conditions; 2 identity of the pollinator inferred  visitors
observed with pollinia/pollen attached, under natural conditions;
3 identity of the pollinator inferred from circumstantial evi-
dence, e.g. visitors observed on owers, but evidence of picking
up pollinia/pollen is missing, under natural conditions; 4 the

ower visitor is a nectar or pollen thief, a herbivore, a preda-
tor, or a parasite of insects in the owers. Where pollination or
visitation was observed outside of the plant s natural range, the
letter A was appended to the number code (e.g. 2A). Where pol-
lination or visitation was observed outside of the animal s natu-
ral range, the letter B was appended to the number code (e.g.
2B). In the database the code 3(2) indicates that although the
data do not quite reach the standards of evidence required to
assign them to code 2, additional evidence (e.g. details of oral
phenotype) strongly supports the case for the visitors being pol-
linators. These were treated as code 2 in the analyses.

Details of the higher taxonomy (e.g. order, family) of the

ower visitors were included, as well as the locality of the
study (country) and a reference. This database will be made
freely available and will be regularly updated as new infor-
mation becomes available. It will supersede the APOPOL
(http://132.180.63.26/planta2/research/pollina/APO_POL _d.
html) and ASCLEPOL (http://132.180.63.26/planta2/research/
pollina/as_pol_d.html) databases, which presently document
223 and 1562 interactions with ower visitors, respectively
(Ollerton and Liede, 1997).

Pollinators were initially grouped into seven single taxon cat-

egories: [bee, wasp, butter y, moth (hawkmoth + settling moth),

y, beetle, bird] plus an insect generalist category (see below).
These categories were then used in our assessments of the diver-
sity of pollinators within the family and across biogeographical
regions, and for mapping pollination systems onto the phylogeny
(see Figs 3, 5 and 6). For other analyses (see Fig. 4) species of
Apocynaceae for which good data/evidence was available were
then categorized into broad unimodal (bee, 'y, wasp, bird, etc.),
bimodal (e.g. bee + butter y) and multimodal pollination systems
(i.e. species pollinated by more than two broad groups of animals,
e.g. bee + moth + wasp). In several of those cases (Figs 4 6), we
split moth into hawkmoth and settling moth, referred to just as
moth, considering the relevance and evolutionary distinctiveness
of selection for hawkmoth and moth pollination. Species catego-
rized as having a multimodal pollination system were considered
to be insect generalists, although we acknowledge that this dis-
tinction between bimodal and multimodal is arbitrary to some
degree. Because vertebrate pollination is rare in the family we
chose to distinguish bird + insect generalist as a distinct category.
A representative selection of interactions between Apocynaceae

owers and ower visitors is shown in Fig. 1.

Phylogenetic reconstruction and mapping of pollination systems

Maximum likelihood reconstruction of ancestral states and
estimation of evolutionary rates among states were conducted
with the rayDISC function in the corHmm package (Beaulieu
et al., 2013) for R (R Core Team, 2017), following Fishbein
et al. (2018). The root state was treated as equally likely for all
characters. Three classes of models were tted: all rates equal
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(ER), transition rates varying across all combinations of states
that were equal forward and backward (SYM), and transition
rates varying across all combinations of states that differed
forward and backward (ARD). The best tting model for each
character was selected by likelihood ratio tests, and the set of
adequately tting models was found by comparing corrected
Akaike Information Criterion (AlCc) scores. Ancestral state
reconstructions were depicted on the Apocynaceae phylogeny
using the plot.phylo function in the ape v. 4.1 package (Paradis
et al., 2004) for R (R Core Team, 2017). Two data sets were
analysed, a full data set of 237 species, which included species
where the identity of pollination systems was suspected, but not
con rmed; and a reduced data set of 135 species, for which the
most con dent information about pollinator type (code 1 or 2 as
described above see Supplementary Data S2B) was available.
We note that the calculated transition rates may only be accurate
if diversi cation rates are not affected by the pollination state.
However, we currently do not have suf cient data to fully test
this and it is a question that must be revisited in future analyses.

The base phylogeny was a chronogram (branches scaled by
time) estimated from 21 concatenated plastid loci for 1041 spe-
cies (Fishbein et al., 2018), from which all species lacking pol-
lination data were pruned using the drop.tip function in ape.
Both the full and the reduced data sets were analysed also on
a base phylogeny in which relationships along the backbone
were constrained by a phylogeny of 76 complete Apocynaceae
plastomes. Details of the data and analysis of these two phylog-
enies, as well as the differences between them, can be found in
Fishbein et al. (2018).

Here we focus on analyses based on the plastome-constrained
tree, which is more congruent with most of the recently esti-
mated Apocynaceae phylogenies (Livshultz et al., 2007; Straub
et al., 2014), and we present the alternative reconstructions in
Supplementary Data S6.

Data visualization

Data plots were made either using the package ggplot2
(Wickham, 2009) in R (R Core Team, 2017) or Microsoft
Excel. Mapping the species richness of Apocynaceae and the
number of species in the database with pollinator data was done
using ArcGIS (ESRI, 2011).

RESULTS

Quantity and quality of available data, and the diversity of
pollinators within Apocynaceae

The Pollinators of Apocynaceae Database currently contains
5061 observed interactions between pollinators and species
of Apocynaceae, mainly within their natural areas, but also on
some species that have been cultivated or naturalized outside
of their native range (Supplementary Data S2A, 3A). From
these data, 567 species can be categorized into broad pollina-
tion systems which correspond to a >10 % sample of the family
(~5350 species), with representatives from all the major groups
and most of the tribes and larger subtribes, although sampling
is sparse or non-existent in some lineages (Supplementary
Data S3C). Particularly well represented are some subtribes
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F . 1. Floral visitors to Apocynaceae. (A) Cascabela ovata (Alvarado-Ckrdenas et al . 2017) (Rauvol oids: Plumerieae) being visited by Eulaema sp. (Hymenoptera:
Apidae), Mexico (Photo: L. O. Alvarado-C#krdenas). (B) Mandevilla tenuifolia (Apocynoids: Mesechiteae) being visited by Hesperiidae sp. (Lepidoptera), Brazil
(Photo: F. W. Amorim). (C) Mandevilla pentlandiana (Apocynoids: Mesechiteae) being visited by Chlorostilbon lucidus (Aves: Trochilidae), Argentina (Photo:
L. Galetto). (D) Prestonia coalita (Apocynoids: Echiteae) being visited by Phoebis argante (Lepidoptera: Pieridae), Brazil (Photo: A. Rapini). (E) Raphionacme
procumbens (Periplocoideae) being visited by Ammophila sp. (Hymenoptera: Sphecidae), South Africa (Photo: L. Joubert). (F) Secamone alpini (Secamonoideae)
being visited by Apis mellifera capensis (Hymenoptera: Apidae), South Africa (Photo: A. Shuttleworth). (G) Dregea sinensis (Asclepiadoideae: Marsdenieae) being
visited by Apis cerana (Hymenoptera: Apidae), China (Photo: Z-X. Ren). (H) Xysmalobium orbiculare (Asclepiadoideae: Asclepiadeae) being visited by Hemipepsis
capensis (Hymenoptera: Pompilidae), South Africa (Photo: A. Shuttleworth). (1) Macroscepis elliptica (Asclepiadoideae: Asclepiadeae) being visited by Ascalapha
odorata (Lepidoptera: Noctuidae), Argentina (Photo: H. Keller). (J) Orthosia virgata (Asclepiadoideae: Asclepiadeae) being visited by Lygistorrhina edwardsi
(Diptera: Lygistorrhinidae), Argentina (Photo: H. Keller). (K) Gonolobus grandi orus (Asclepiadoideae: Asclepiadeae) being visited by Sarcophagidae sp. (Diptera),
Mexico (Photo: L. O. Alvarado-Ckrdenas). (L) Asclepias incarnata (Asclepiadoideae: Asclepiadeae) being visited by Bombus griseocollis (Hymenoptera: Apidae),
USA (Photo: N. Rafferty).
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