











bioRxiv preprint doi: https://doi.org/10.1101/2020.03.02.974022; this version posted March 4, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

14
A 41 B
2,
: 2 2]
~ 14 o
\u) A
o <
S 04 S
E E
a -1 a
21 21
2 0 5 i : 3 2 4 o 1 3 3
Dimension 1 (38.4%) Dimension 3 (15.0%)
C Dimension 1 Dimension 2 Dimension 3
Style length —
Stigma area -
Stigma shape B

Stigma anther distance —
Stigma exposure B

I T T 1 T T T 1 I T T 1
0 10 20 30 O 20 40 60 80 O 20 40 60
Variance explained (%)

Fig. S4. Multivariate analysis of traits associated with female function. In the first four
dimensions (A and B) of the factor analysis of mixed data (FAMD), the centroid of each
category within a qualitative trait is indicated, with symbol shape representing different
qualitative traits. Quantitative traits are represented by arrows. Individual plant species are
shown in the background with colors indicating plant family and symbol sizes indicating relative

abundances. (C) The traits that contributed to >15% of variation of the first three dimensions are
highlighted in color.
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Fig. S5. Validation of fractional identity approach and rarefaction of pollen received by
stigmas. (A) There was a strong correlation (with dotted 95% confidence intervals) of
heterospecific pollen (HP) richness when fractionally identified pollen grains were excluded (y-
axis, ‘no ambiguity’) and included (x-axis, ‘fractional’). Rarefaction analysis using the R
package INEXT (33) showed that the majority of pollen species richness (B) and Chao’s
Shannon diversity (C) were captured by the sampled styles (n = 54 on average) for each plant
species (individual colored lines). The observed (solid) and extrapolated (dashed) portion of each
rarefaction line are indicated.
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Model parameters CIC ACIC Likelihood weight

A

model 1 (see also Fig. 3A) 28 496 0 1.000 0.948

model 2 29 502 6.39 0.041 0.039

B

model 1 (see also Fig. 3B) 28 454 0 1.000 0.916

model 2 29 459 4.77 0.092 0.084

Fig. S6. Phylogenetic structural equation models. Two models that considered pollinator-
mediated pollen deposition alone (model 1) and both pollinator-mediated and self pollen
deposition (model 2) were included for evaluating niche partitioning and asymmetric facilitation
via HP receipt (A) and CP misplacement (B). Relative to model 1, model 2 added the possibility
that stigma—anther distance may influence self pollen deposition and thus CP/ovule. Model 1 in
both A and B represent the best-supported models and are presented in Fig. 3. CIC, the C statistic
Information Criterion.
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Table S1. Serpentine seep system within the McLaughlin Nature Reserve study area.
Pollinators, flower abundances and styles were collected across this system. Within each seep,
flower abundances were recorded 9*—10 times each year across 8—16 1 m x 3 m plots per seep,
depending on seep size and flowering duration.

Number Number
Seep Seep name Latitude Longitude Se(?:n?)r ca Olﬁlsolg‘;gy Olﬁlsolg‘;gy
2016 2017
BS Banana Slug 38.8622°N 122.3992°W | 2200 13* 13
RHA | Research Hill A 38.8589°N 122.4103°W | 2200 12 11
RHB | Research Hill B 38.8572°N 122.4075°W | 2200 16 15
TPW | Tailings Pond West | 38.8661 N 122.4511°W | 2300 11 11
TP9 Tailings Pond Site 9 | 38.8639°N 122.4272°W | 1300 o* 8
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Table S3. Plant—pollinator network metrics and comparisons to null models. Null mean,
95% confidence intervals (CLs), and P values were obtained from 1000 random replications of
the ‘r2dtable’ null model. Plant species (abbreviated as the first two letters of genus and species
names) are indicated. NODF, nestedness overlap and decreasing fill.

Metric Observed Null CL CL P
value mean lower upper
Network level
NODF 13.00 28.78 28.13 29.45 0.00
Weighted NODF 5.86 12.38 11.97 12.78 0.00
Group level
Mean shared partners 3.31 17.28 16.88 17.71 0.00
Niche overlap Horn’s index 0.09 0.41 0.40 0.43 0.00
Species level
Pollinator Shannon diversity
ACMI 0.00 0.00 0.00 0.00 0.00
AGHE 2.34 4.05 3.88 4.21 0.00
ALAM 3.57 3.97 3.77 4.15 0.00
ALFA 2.71 3.26 3.00 3.46 0.00
ALFI 3.49 3.93 3.75 4.11 0.00
ANAR 1.84 3.67 3.44 3.86 0.00
ANCO 2.58 4.13 3.97 4.29 0.00
ANVE 2.16 4.01 3.82 4.18 0.00
AQEX 0.00 1.07 0.64 1.10 0.00
ASCL 1.73 3.70 3.46 3.89 0.00
ASRA 0.95 1.56 1.33 1.61 0.00
BREL 2.44 3.87 3.65 4.05 0.00
CAAM 1.10 1.07 0.64 1.10 0.13
CAAT 0.69 0.68 0.69 0.69 0.05
CAFO 0.00 1.35 1.04 1.39 0.00
CALU 3.00 3.71 3.49 3.90 0.00
CAPU 1.83 3.88 3.67 4.07 0.00
CARU 2.61 3.82 3.61 4.01 0.00
CETR 2.11 4.12 3.95 4.28 0.00
CHPO 2.72 4.08 3.90 4.25 0.00
CLCO 2.66 4.07 3.90 4.23 0.00
CLGR 2.62 4.12 3.95 4.29 0.00
CLPA 2.55 3.38 3.14 3.59 0.00
CLPU 2.61 3.47 3.25 3.66 0.00
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COSP 2.01 3.61 3.39 3.81 0.00
CRMI 3.87 4.05 3.88 4.22 0.04
DEUL 2.24 4.21 4.06 4.36 0.00
DICA 2.89 3.73 3.50 3.93 0.00
DICO 1.56 1.74 1.56 1.79 0.03
DIVO 1.75 3.07 2.79 3.27 0.00
EPCI 2.80 3.69 3.45 3.89 0.00
ERLA 3.99 4.11 3.95 4.26 0.15
ERVI 1.97 2.27 1.97 2.40 0.03
ESCA 2.86 4.04 3.86 4.20 0.00
GICA 3.18 4.07 3.88 4.23 0.00
GISP 2.30 2.55 2.27 2.71 0.05
GITR 0.69 0.68 0.69 0.69 0.03
GRHI 2.57 3.84 3.64 4.04 0.00
HECA 1.20 2.93 2.65 3.12 0.00
HECO 1.23 2.36 2.09 248 0.00
HEDI 2.17 3.85 3.64 4.04 0.00
HEEX 248 3.18 2.93 3.39 0.00
HERA 1.39 1.35 1.04 1.39 0.20
HOCA 2.46 3.94 3.75 4.12 0.00
LACA 3.30 3.94 3.75 4.12 0.00
LAMI 2.68 4.10 391 4.25 0.00
LEMI 2.31 4.06 3.89 4.22 0.00
LIBI 1.95 3.53 3.30 3.73 0.00
LIDI 2.37 2.86 2.58 3.09 0.00
LOCI 2.09 3.73 3.50 3.93 0.00
LOHU 2.80 4.04 3.85 4.22 0.00
LOMA 0.00 0.68 0.69 0.69 0.00
LOMI 2.04 4.04 3.85 4.21 0.00
LUMI 0.00 0.00 0.00 0.00 0.00
MEIN 2.22 3.28 3.00 3.49 0.00
MICA 0.00 0.00 0.00 0.00 0.00
MICDO 0.00 1.35 1.04 1.39 0.00
MIGU 2.50 4.28 4.14 441 0.00
MILA 2.29 4.01 3.82 4.18 0.00
MINDO 0.69 0.68 0.69 0.69 0.03
MINU 2.85 3.75 3.54 3.95 0.00
NAJE 2.96 4.04 3.86 4.21 0.00
NEMO 3.17 4.05 3.89 4.22 0.00
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PLST 3.33 3.97 3.77 4.15 0.00
RACA 2.81 3.88 3.68 4.07 0.00
SCSI 1.79 3.67 3.43 3.86 0.00
SECL 2.06 4.05 3.87 4.22 0.00
SIBE 3.02 3.90 3.69 4.08 0.00
SIDI 2.62 4.03 3.86 4.20 0.00
STAL 2.25 4.09 3.91 4.26 0.00
STBR 2.52 4.11 3.95 4.27 0.00
THMA 0.69 0.68 0.69 0.69 0.04
TRLA 3.10 3.85 3.63 4.05 0.00
TRLX 2.50 4.05 3.87 4.21 0.00
TROB 2.41 4.08 3.90 4.26 0.00
TRPE 3.17 4.13 3.97 4.29 0.00
VETCH 0.69 1.34 1.04 1.39 0.00
VIDO 1.68 2.10 1.83 2.20 0.01
ZIVE 1.64 4.11 3.94 4.28 0.00

Proportional similarity

ACMI 0.01 0.02 0.00 0.07 0.99
AGHE 0.20 0.61 0.56 0.65 0.00
ALAM 0.20 0.58 0.53 0.62 0.00
ALFA 0.18 0.37 0.29 0.43 0.00
ALFI 0.33 0.57 0.52 0.61 0.00
ANAR 0.17 0.48 0.42 0.54 0.00
ANCO 0.26 0.64 0.59 0.68 0.00
ANVE 0.21 0.59 0.55 0.64 0.00
AQEX 0.02 0.06 0.01 0.13 0.23
ASCL 0.12 0.49 0.43 0.55 0.00
ASRA 0.01 0.09 0.02 0.17 0.00
BREL 0.26 0.54 0.49 0.59 0.00
CAAM 0.00 0.06 0.01 0.12 0.00
CAAT 0.07 0.04 0.00 0.10 0.31
CAFO 0.02 0.07 0.01 0.14 0.11
CALU 0.24 0.49 0.44 0.55 0.00
CAPU 0.21 0.55 0.50 0.60 0.00
CARU 0.24 0.53 0.48 0.58 0.00
CETR 0.32 0.63 0.60 0.67 0.00
CHPO 0.32 0.62 0.58 0.66 0.00
CLCO 0.28 0.61 0.57 0.66 0.00
CLGR 0.29 0.63 0.59 0.67 0.00
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CLPA 0.11 0.40 0.33 0.47 0.00
CLPU 0.13 0.43 0.36 0.49 0.00
COSP 0.17 0.47 0.40 0.52 0.00
CRMI 0.21 0.61 0.57 0.65 0.00
DEUL 0.17 0.67 0.63 0.70 0.00
DICA 0.24 0.50 0.45 0.55 0.00
DICO 0.03 0.10 0.03 0.18 0.05
DIVO 0.17 0.32 0.24 0.39 0.00
EPCI 0.20 0.49 0.43 0.55 0.00
ERLA 0.35 0.63 0.59 0.67 0.00
ERVI 0.06 0.17 0.09 0.26 0.01
ESCA 0.30 0.60 0.56 0.64 0.00
GICA 0.36 0.61 0.57 0.66 0.00
GISP 0.12 0.22 0.13 0.30 0.02
GITR 0.02 0.04 0.00 0.11 0.53
GRHI 0.16 0.54 0.49 0.59 0.00
HECA 0.17 0.29 0.21 0.37 0.00
HECO 0.06 0.19 0.10 0.28 0.00
HEDI 0.26 0.54 0.49 0.59 0.00
HEEX 0.16 0.35 0.27 0.41 0.00
HERA 0.07 0.07 0.01 0.14 1.00
HOCA 0.29 0.57 0.52 0.61 0.00
LACA 0.15 0.57 0.52 0.62 0.00
LAMI 0.22 0.62 0.58 0.66 0.00
LEMI 0.16 0.61 0.56 0.65 0.00
LIBI 0.14 0.45 0.38 0.51 0.00
LIDI 0.12 0.28 0.20 0.36 0.00
LOCI 0.10 0.50 0.44 0.56 0.00
LOHU 0.19 0.60 0.56 0.64 0.00
LOMA 0.00 0.04 0.00 0.11 0.01
LOMI 0.12 0.61 0.56 0.65 0.00
LUMI 0.00 0.02 0.00 0.07 0.58
MEIN 0.17 0.37 0.30 0.44 0.00
MICA 0.00 0.02 0.00 0.07 0.29
MICDO 0.01 0.07 0.01 0.15 0.01
MIGU 0.35 0.70 0.66 0.73 0.00
MILA 0.18 0.59 0.55 0.64 0.00
MINDO 0.02 0.04 0.00 0.11 0.51
MINU 0.24 0.51 0.45 0.56 0.00
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NAJE 0.26 0.60 0.56 0.64 0.00
NEMO 0.22 0.61 0.56 0.65 0.00
PLST 0.17 0.58 0.53 0.62 0.00
RACA 0.16 0.55 0.50 0.60 0.00
SCSI 0.21 0.48 0.43 0.54 0.00
SECL 0.11 0.61 0.56 0.65 0.00
SIBE 0.22 0.55 0.51 0.60 0.00
SIDI 0.18 0.60 0.55 0.64 0.00
STAL 0.25 0.62 0.58 0.66 0.00
STBR 0.33 0.63 0.59 0.67 0.00
THMA 0.01 0.04 0.00 0.09 0.21
TRLA 0.25 0.54 0.48 0.59 0.00
TRLX 0.20 0.61 0.56 0.65 0.00
TROB 0.17 0.62 0.57 0.66 0.00
TRPE 0.35 0.64 0.60 0.68 0.00
VETCH 0.12 0.07 0.02 0.14 0.21
VIDO 0.10 0.14 0.06 0.23 0.27
ZIVE 0.08 0.63 0.59 0.67 0.00
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Table S5. Phylogenetic signals of plant—pollinator interactions, interspecific pollen transfer
network metrics and floral functional traits. Quantitative variables were examined using
Pagel’s A implemented in the R package phylosignal (66), and qualitative variables used the D
statistic implemented in the package caper (68). The lack of a phylogenetic signal [P(no signal) >
0.05] is indicated when Pagel's A is not significantly above zero or the D statistic does not
significantly deviate from one. When the D statistic does not significantly deviate from zero, it
indicates Brownian motion evolution [P(Brownian) > 0.05]. HP, heterospecific pollen; CP,
conspecific pollen.

Pagel's A P (no signal)
Plant—pollinator network
Pollinator Shannon diversity, 0.075 0.495
Proportional similarity 0.193 0.236
Interspecific pollen transfer network
HP receipt (female fitness loss) 0.234 0.287
CP misplacement (male fitness loss) 0.000 1.000
CP/ovule (joint fitness gain) 0.000 1.000
Floral functional traits (quantitative variables)
Stamen number 1.002 0.001
Tube length 0.814 0.001
Corolla limb length| 0.900 0.001
Stamen height 0.802 0.001
Stamen exertion 0.561 0.001
Anther length 0.820 0.001
Style length 0.677 0.001
Stigma exposure 0.689 0.025
Stigma anther distance 0.814 0.001
Stigma area 0.610 0.011
Pollen area| 0.809 0.001
Pollen width/length 0.099 0.256
Attractive traits Dimension 1 0.923 0.001
Attractive traits Dimension 2 0.947 0.001
Attractive traits Dimension 3 0.914 0.001
Male function traits Dimension 1 0.797 0.001
Male function traits Dimension 2 0.858 0.001
Male function traits Dimension 3 0.904 0.001
Female function traits Dimension 1 0.861 0.001
Female function traits Dimension 2 0.789 0.002
Female function traits Dimension 3 0.210 0.435
Floral functional traits (qualitative variables) D statistic P (no signal) | P (Brownian)
Flower symmetry -0.238 0.000 0.837
Flower restrictiveness -0.178 0.000 0.742
Flower shape
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aster-like 0.363 0.012 0.210
funnelform 1.049 0.556 0.000
labiate 0.894 0.272 0.004
open| 0.749 0.093 0.003
pea-like 0.451 0.015 0.139
salverform| 0.887 0.289 0.013
Flower color
purple 0.878 0.245 0.000
pink-red 0.727 0.103 0.023
white 0.918 0.312 0.000
yellow-orange 1.030 0.553 0.000
Inflorescence
horizontal 1.049 0.604 0.000
single 0.988 0.452 0.000
vertical 1.105 0.713 0.000
Stigma shape
along style 0.957 0.373 0.001
non-lobed 0.945 0.357 0.000
lobed 1.060 0.635 0.000
Pollen shape
oval 0.513 0.004 0.026
other 1.121 0.723 0.000
spherical 0.646 0.019 0.002
Pollen texture
granulate 0.693 0.042 0.006
psilate 1.188 0.821 0.000
spiky 0.510 0.017 0.101
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