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Pre-dispersal predation of seeds of exotic Asteraceae by foraging birds is understudied. Using phenological records and
photo-assisted analysis of damages made to seed heads, this paper provides evidence that the black-faced canary Serinus
capistratus Finsch and Hartlaub feeds on immature achenes of Tithonia diversifolia (Hemsley) A. Gray and may control
its propagule pressure up to 18% of the total number of achenes aged between 20-30 days counted from petal fall.
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Introduction

Tithonia diversifolia (Hemsley) A. Gray (also hereafter
referred to as TD) was first introduced into Rwanda during
the colonial period as an ornamental plant. It soon escaped
from cultivation and became naturalized in agro-systems,
parklands, and fallows under 2000 m of altitude, where it
forms evergreen hedges and invasive bushes (Troupin
1985). Although its modern distribution grain and extent
has not been investigated, this plant seems to have already
crossed the thresholds for an invasive status since early
1970s. Elsewhere in the region, it appears on the checklist
of noxious plants in neighboring Democratic Republic of
Congo (Ministére de 1'Environnement, Conservation de la
Nature et Tourisme [Ministry of Environment, Nature
Conservation and Tourism] 1997, our translation) and
composes the invasive flora in Burundi (Bigirimana et al.
2012) and in eastern Uganda (Eilu et al. 2007) as well as
in southern Nigeria (Ayeni et al. 1997), and in Cote
d’Ivoire (Ipou et al. 2011).

Well adapted to wetlands environments, where it
readily colonizes agro-systems and young fallows (Ipou
et al. 2011), TD has the ability to outcompete other
plants and reduce the importance of native taxa that once
characterized the areas it conquers. Incredibly high per
stem seed production is one of the characteristics cited as
best predictors of its high capacity of range expansion. In
addition, within agro-systems, its ability to regenerate
from roots or cuttings makes it a requirement to uproot
the plants if the weeding activity is to be effective (Ipou
et al. 2011).

Regulation of TD biomass accumulation through
utilization and predation has been documented. In fact,
the use of TD as a source of fodder (Ramirez-Rivera
et al. 2010) and manure (Nabahungu et al. 2011) may
contribute to reducing its biomass and energy potential.
Foraging cattle in Kenya (Roothaert & Franzel 2001)

and goats in Rwanda’s fodder scarce regions (Pers. Obs.)
were also observed browsing on TD, worsening its
struggle to maintain self-sustained populations and
spread across the landscape (Catorci et al. 2014). On
the other hand, it was suggested that insect species such
as the leaf-feeding butterfly Chlosyne sp. (Lepidoptera:
Nymphalidae) could be used to biologically control its
ability to spread (Simelane et al. 2011). However, these
uses are extremely limited, or non-existent, in the study
area and could not be used to explain why this plant took
relatively long time to invade this valley, in spite of the
seemingly high suitability of the area to TD establish-
ment. This question had remained unanswered until
when Serinus capistratus Finsch and Hartlaub (the
black-faced canary or, for the purpose of this study,
BFC) was observed feeding on immature seeds of this
plant (Figure 3), which gave a clue to the ‘reduced
propagule pressure’ hypothesis. Since then it has been
suggested that the predation of TD seeds by this species
of bird at their immature stage may adversely affect its
seed production, which is well in accord with Muoghalu
(2008) who indicated that TD invasiveness would be
better dealt with by controlling its seedling recruitment
and Pearson et al. (2011) who suggested that the
resistance of a plant community to an invasion may
result from the reduction of the invader’s seed stock
through granivory. The role of seed predation as a
predictor of biotic resistance to plant invasion was also
discussed in Nufiez et al. (2008) for invasive pines in
South America and by Preukschas et al. (2014) for
grassland species in Switzerland.

This paper provides evidence that BFC feeds on
immature achenes of TD. It also assesses the extent of
removal of TD seeds by this species of bird as a measure
of its contribution to controlling the propagule pressure
of this plant.
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Figure 1. Nyabarongo floodplain and location of the study area (Seburanga et al. 2013).

Materials and methods
Study area

The study was carried out in Rwanda, Central Africa,
between 1°03—2°50 South latitude and 28°52-30°54
East longitude. Field data collection was conducted
within the fourth sampling grid cell (Figure 1) along
the riparian communities of Nyabarongo River, within
the official boundaries of Kigali, the capital city of the
Republic of Rwanda. The study area falls within both the
Albertine Rift, a globally-recognized biodiversity hot-
spot with many endemic and endangered species
(Plumptre et al. 2007), and the Nile River and Lake
Victoria Basin, one of world’s great rivers and inland
lakes. Since 2010, Nyabarongo and associated wetlands
have been classified by the Ministerial Order No 008/
16.01 of 13/10/2010 in the category of those to be
offered fully protection. The process of assigning part of
these wetlands the RAMSAR site statute has been under
consideration.

Data collection

Two patches of TD of approximately 25 m” each were
selected in the fourth sampling grid cell (Figure 1) and
daily monitored for 12 weeks to cover the 4-month long
seed production cycle (Ayeni et al. 1997; Muoghalu
2008). Flower and fruit heads were diligently counted on
three sample stems per patch, each time separating
canary-damaged from non-damaged seed heads. Photo
snapshots were taken as supporting evidence for BFC
forage on TD.! Plant nomenclature followed Troupin
(1985). Bird identification was based on Stevenson and
Fanshawe (2002).

Data analysis

Collected data were stratified into weekly averages and
normalized by converting raw numbers into proportions.
The rate of achene removal (R,) by BFC at any stage
was computed using the formula below: R, (%) = 100
A % C, where A stands for the proportion of removed
achenes per capitulum and C represents the proportion of
canary-damaged seed heads. The rate of seed removal
(Rs) was derived by Rg= R4 % S, with S representing the
seed set.” Pearson’s Correlation test was used to analyze
the possible relationship between canary-damaged and
non-damaged seed heads. The normality of data was
assessed using the Shapiro-Wilk test.
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Figure 2. Twelve week-long trends in 7. diversifolia (Hemsley)
A. Gray fruit phenology and seed removal by S. capistratus

Finsch and Hartlaub.
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Figure 3. S. capistratus Finsch and Hartlaub feeding on 7. diversifolia (Hemsley) A. Gray immature achenes (note the presence of a
previously damaged seed-bearing head right on the back of the bird).

Assumptions and limitations

Building upon direct observations of BFC caught feeding
on TD immature achenes (weeks 7—10; Figure 3) and
photo-assisted analysis of patterns of seed head damage
(Figure 4b), this study assumes that the bulk — and
possibly totality — of pre-dispersal removal of immature
seeds of TD that occurred between end of December and
mid-February can be attributed to predation by BFC. This
assumption is supported by the fact that during the entire
period of data collection, no other seedeater of seed
destroyer was observed foraging on the monitored TD
patches during the 12-week long period of data collection.
Only the presence of immature empty seed heads was
related to predation by BFC because otherwise they could
obviously be the result of normal dispersal of mature
seeds had the heads been mature.

Due to financial constraints, the study of differences
between early and late mature seed morphology, which
could have helped analyze BFC feeding behavior in
relation TD seed traits at different stages of the fructi-
fication event, was not conducted.

Results

The presence of immature seed-bearing heads was
recorded from week 2. However, canary-caused damage
on any flower heads was observed after week 7 and
concerned achenes aged between 20-30 days counted
from petal fall. Since then, the cumulative number of
damaged seed heads continued to increase until week 11,
when the rate of increase was significantly reduced
(Figure 2). The overall rate of seed removal was
estimated at 18.3% of the total number of achenes
formed between weeks 1 and 12 (R4 = 26.11%). All

seed heads resulting from flower heads that developed
after 15 January (after week 8) did not show any sign of
damage by BFC.

A Pearson’s Correlation test performed over the full
range of data showed a very weak (statically not signific-
ant) relationship between intact and canary-damaged seed
heads counts (Py - g = — 0.221, p = 0.5). However,
partitioned correlation tests revealed a strongly negative
and statistically significant relationship between the two
distributions from week 7 to week 10 (er — 4= —0.967,
p = 0.03); that is, for the period during which the predation
of TD seeds was most apparent.

Discussion

Pre-dispersal predation of seeds of Asteraceae has been
studied (Cummings et al. 1999; Fenner & Lee 2001) and
its impact on the host-plant species’ reproductive eco-
logy documented (Briese 2000; Weppler & Stocklin
2006). On the other hand, pre-dispersal seed predation
by bird species has also been reported, in some instances
with enormous seed loss (Villasefior-Sanchez et al.
2010). However, pre-dispersal seed predation of exotic
Asteraceae by foraging birds is understudied.

This study provided evidence for pre-dispersal
predation of seeds of exotic TD (Hemsley) A. Gray
(Asteraceae) by the native BFC S. capistratus Finsch and
Hartlaub (Fringillidae). BFC was observed feeding on TD
(Figure 3). TD heads were emptied before seeds could
reach maturity, 20-30 days from petal fall (Figure 4).
Because seed loss was localized in time (a statistically
significant negative correlation was found between
intact and damaged heads between weeks 7 and 10),
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Figure 4. Survival of T. diversifolia (Hemsley) A. Gray achenes from S. capistratus Finsch and Hartlaub attacks (a) and a pattern of
scales and receptacular bracts on seed-removed regions of the seed head (b).

the event of immature seeds disappearance was not
attributable to normal dispersal (Figure 2).

The ecological interaction between BFC and TD is
quite revealing in the light of the ‘enemy release’
hypothesis, supporting the idea that despite their escape
from natural enemies (Keane & Crawley 2002; Colautti
et al. 2004), alien species may still be vulnerable to
enemies found in their introduced range (Nuilez
et al. 2008).

It is arguable that BFC interferes with the regenera-
tion capacity of TD by feeding on its immature achenes.
The rate of seed removal was high enough (18%) for the
event to be considered as leading to a significant bias of
TD propagule pressure, which, in accord with Steeves
et al. (2008) may pose a threat to TD reproductive
investment, disrupt its normal course of seed dispersal
(Yoshikawa et al. 2012), and affect its seedling recruit-
ment (Pitcairn et al. 2011). Indeed, the above-described
pattern of seed predation is critical to TD capacity of
range expansion given the fact that the idea of TD being
rewarded by BFC in the form of endozoochorous
dispersal of seeds is not envisageable in this case
because not only the seeds are eaten before maturity
but also have little chance of not being destroyed in the
bird’s gizzard.

Because BFCs do not destroy the entire amount of
achenes produced (Figures 3 and 4a), all else being
equal, it could be hypothesized that established popula-
tions of TD will have to expand modestly until a
threshold beyond which the bird’s influence (on TD
potential for seed rain) is overwhelmed. Once that step is
passed, TD may become a very serious invader in the

study area and possibly one of the valley’s most
prominent plant species.

The study sheds some light on a relationship between
the date of appearance of a new flower head and the
likelihood of the resulting seed head to be attacked by
BFC. However, it was not conclusive about the pre-
dictors of the likelihood of any TD seed head to be
attacked by BFC (Haught & Myster 2008). The impact
of seed removal by BFC on TD invasiveness as well as
the role of its ability to clonally propagate in balancing
the effects of seed loss should be empirically researched
(Wang et al. 2004; Weppler & Stdocklin 2006). Finally,
understanding that intensity of seed predation may
significantly vary over time and among microhabitats
within BFC home range (Myster 2013), further study
should be conducted to investigate TD seed removal in
relation to spatial and temporal patterns of TD seed set
(Wang et al. 2004) and BFC density (Haught &
Myster 2008).

Conclusion

Through this paper, it was shown that, despite their
escape from natural enemies, introduced species may
still be vulnerable to enemies native to the introduced
range. The study provided evidence that native BFC
feeds on immature seeds of exotic TD and contributes to
weakening its ability to spread by reducing its seed rain
by 18%.

New research questions were opened. These include
the study of the impact of seed removal by BFC on TD
invasiveness, the role of TD ability to clonally propagate
in balancing its seed loss as well as the study of TD seed
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removal in relation to spatial and temporal patterns of
TD seed set and BFC density.
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Notes

1. By seed head we refer to a type infrutescence that results
from a fertilized flower head (typical inflorescence in the
Compositae family in which flowers are grouped together to
form a single flower-like structure; Imbert & Ronce 2001),
which in reality should be referred to as a ‘fruit head’
because the achenes it carries are not seeds but fruits.
However, for the purpose of this study, the terms ‘seed
head’ and ‘fruit head’ are used interchangeably because
predation took place when the achenes were still immature
and, consequently, the seeds they contained would not be
viable should they manage to survive food grinding in the
bird’s digestive tractus.

2. TD seed set in tropical and subtropical environment was
estimated at 70% or more by Wang et al. (2004).
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