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Asymmetric Mating Interactions Drive Widespread Invasion and Displacement in a
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with chelating, phytotoxic, and antimicrobial properties.

Novel weapons: invasive success and the
evolution of increased competitive ability

Ragan M Callaway and Wendy M Ridenour

Ragan Callaway

Professor
University of Montana
R Missoula, United States
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Figure 3. Often invasive ant species
are associated with /.

purchasi populations in the
Galapagos because this pest
excretes a rich sugary waste product
called honey dew that ants harvest.

Figure 1. A native Figure 2. Adult Icerya
Galapagos plant, uva de purchasi. Note the small
mar (Scaveola plumieri), reddish crawler on the
at Playa Tortuga, Isla dorsal surface.

Santa Cruz heavily
infested with I. purchasi.

Biological Control of Icerya purchasi wWith Rodolia cardinalis in the Galapagos F|gU re 5 Adu It R

mark.hoddle@ucredu

Prepared by Mark Hoddle, Extension Specialist and Director of Center for Invasive Species Research Card i nal is attaCki ng I . pu rChaS| .
i

http://biocontrol.ucr.edu/rodolia/rodolia_icerya_biocontrol_galapagos.html

Figure 4. Honey dew that drips

onto leaves provides a nutritive
food source for disfiguring black
sooty molds that may kill
individual leaves.

Figure 6. The R. cardinalis
larva ignores the dome-
shaped Ceroplastes sp. and
readily attacks the /.
purchasi adult.
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Fig. 4. Occupation of 25x10° ha of central castem Australia by

0. stricta in 1925 showing earliest recorded locations at Parramatta (P),
at S_v.'nn: (S). ick (W), and the location of the Dulacca research
station (redrawn from Mann, 1970).

The same property

.

Property infestation before the release of cactoblastis

N HIAL N 22 Prickly Pears (32 A Opuntia stricta), 5| #7155 7A B B /& Cactus Moth(Cactoblastis
cactorum). E 1= BUME M T B 52 ) S #: The prickly pear story

B . KRAT; B8 https://www.zhihu.com/question/22787394/answer/72098330
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Cross-section through a
receptive fig.

ostiok

Ovipositor sheaths

Cycle of the fig —
fig wasp mutualism

Monoecious species

Phibbcaqus chirae — agalling rone
pollmatmg fig wasp that exters the fig
for oviposition at the same tine asthe
pollmator.

P Pollinstor famale Cauntelia wardi. On

leavmg the natal fig she homes mon
s volatiles released by receptive figs on
3% othertrees.

Male phase figs, whichorll
ripen after rekase of wasps

A
and become attractive to ‘(; Saw S

frugivores for seed dispersal

Pollinatcr mak Courtelia wardi. After
matmg with females, males chew an
exit hole throughthe fig wall, allwing
polkn laden famales to escape from the
fig cavity.
Interfloral phase —fig and
wasp larval development v
taking 3 — 20 wreeks. 'y ~
Ontesella (vight) and Sycorpctes (above) —
two ron-pollmating fig wasps that
Pollinator ovipositing dowm oviposit theough the fig wall during the
style of florwet mside figand interfloral phase. Ofiteselia species are
sinmltarecusly plaemg pollen zall formers and Freorpetes species aw
onthe stigmas with her fore parasitoids of galling fig wasps.
legs. She bses herwings and
most of her antermae when A 5
Yz 2 Ihstration @ Simen van Nooxt
negotiating the ostiole. (Izko Musems of Cape Tovm)

http://www.figweb.org/Figs_and_fig_wasps/index.htm

http://tv.cntv.cn/video/VSET100205749393/2f70ccc45516478ba9b7db67b0d876b6
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Population Bottleneck

e FIGURE 15-8 A human example of the founder effect

An Amish woman with her child (left), who suffers from a set of genetic defects known as Ellis-van
Creveld syndrome. Symptomsinclude shortarms and legs, extra fingers (right), and, in some cases,
heartdefects. The foundereffectaccounts forthe prevalence of Ellis-van Creveld syndrome among

the Amish residents of Lancaster County, Pennsylvania.

Original Population

JAENL: 6 TR/ N HOBE R 2050 A R AL, BRI BFIRAL BEREE RN 8 BT PR A 1 B o 0 B TE — 7 B 25 X 3 =
BB ) VR T X 2 A ZHL R P 3 R B S IR R O RSOSSN AR RgetAR AR A, e de 51 ke i S Ar B AR (A8 4L, R /4K
AR Pt i 3 10 A7 5 R AR R AR B B I M OR B A S AR ARG IRIRUIR o 1 A AT A A R AT 3R ) 25

(i https://en.wikipedia.org/wiki/Founder_effect
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http://icwdm.org/handbook/birds/EuropeanStarlings.asp
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Bird-proof buildings to permanently eliminate bird
problems inside.

A wooden, metal, or plexiglass covering over a ledge at a 45°
angle (a) or porcupine wires (b) can be used to prevent roosting
and nesting.

Fig. 8. Lower the water level in Hvestodk waterers so
starlings cannot resch the water when perching on the
edge. At the same time, keep the water level deep
enough so they cannot stand in the waterer,
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Fig. 1. Before and after
pruning trees to reduce
attractiveness as a bird roost.

Fig. 5. Automatic LP gas
exploders make loud sounds that
frighten birds. Controlled by a
timer, they can be left
unattended.

AN-ALARM

D)

Fig. 2. (a) Recorded bird
alarm or distress calls can
be effective in frightening
birds. (b) Electronically
produced sounds also will
frighten birds away from an
area.

Fig. 4. Rope firecrackers are relatively
inexpensive tools that are useful in
frightening birds.

Fig. 3. Shell crackers are fired from a 12-
gauge shotgun. They produce an aerial
explosion and can be useful in frightening
birds out of fields or away from roosts.
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Tobin ., 2006 ).

E. Leopold Trouvelot, Perpetrator of our Problem

In 1882 Trouvelot returned to live in France; the timing of this move coincided with the appearance of the first gypsy moth outbreak on his street. Trouvelot Died in 18395
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R % B 324 ] (Tobin and Blackburn., 2008 ) .

Projected 10-Year Intervals
Without Slow the Spread Implemented

With Slow the Spread Implemented

https://www.fs.fed.us/ne/morgantown/4557/gmoth/spread/
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IREES, DSBS b5 450 5 A0 Hh R B 4 i 3 B DA ROMEIS R AT
TR 7 AT ultﬂwif X R4 $h £ 300~500 m; ﬁﬁﬁ%a&r
U FR 21 K TeWia imﬁﬁﬁéft TE2HT ABEER EARW
B 7K BR 4, 2008; F &4, 2012)

il: Texas A&M University
TSR RN SRR

Red imported fire ants, top, were first discovered in California in 1997 on bee shipments
from Texas. Infestations are sporadic in California, but in the southeastern United States
they are a major pest, building mounds, above, that can damage agricultural equipment.
They also damage electrical equipment and sting animals and people.
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Annual Review of Ecology, Evolution, and Systematics

Vol. 48:353-376 (Volume publication date November 2017)
First published online as a Review in Advance on August 28, 2017
https://doi.org/10.1146/annurev-ecolsys-110316-022919

50 |
http://blog.sciencenet.cn/blog-536560-1085804.html

Mean proportion of plants in the community (%)
s
|
|

30 T -
20 -
10 =
0 W= ‘J' ‘l> [ T 2 s mw =
Insect Bee Fly Insectand Bird Beetle Butterfly Moth Fig Bat Wasp  Thrips
generalist vertebrate wasp K -
generalist mRE AL
Figure 1

The mean (£ SD) proportions of plant species from 32 communities that have been classified into 12 broad
pollination systems by the original authors of these studies. Note that wind pollination has been excluded
from this graph but averages 17.5% (SD = 20.5) across the communities. Full details of the studies are
provided in the Supplemental Materials Appendix 1.
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110 m (Jordano et al., 2007).

Z Differential contribution of frugivores to complex
> seed dispersal patterns

2 Jordano*', C. Garcia*, J. A. Godoy**, and J. L. Garcia-Castano*$
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Fig. 1. Frequency distribution of seeds dispersed over given distance classes
(seed dispersal kernel). (A) Shown are the relative contributions of major
frugivore groups to different distance classes within the study population.
Open bars, small- to medium-size frugivorous birds, including, e.qg., E. rube-
cula, P. ochruros, T. merula, and Sylvia spp.; light grey, T. viscivorus; dark grey,
C. corone; black, carnivorous mammals, including V. vulpes, M. foina, and M.
meles. (B) Shown is the weighted contribution of each dispersal vector to seed
immigration to the study population (dispersal distances = 1,500 m); i.e., fruits
consumed in fruiting trees growing in other populations with the seeds being
regurgitated or defecated in the study population. For each disperser group,
the proportion of immigrant seeds in the genotyped sample was weighted by
the overall contribution to fruit removal.



429 B IR AR- 9 53 L

* (L.2) A AEIA

o UUAFEBYINEAR S EF 1P
RS E RN #ln, &

 FLIG 55 50 S Rl T
Kk, sGomity S A2 o1

m, T LB YA P S5 RN
%*7#@%&%%%,w%

e il
asem, S

B 2R R B PR B S AR
110 m (Jordano et al., 2007).

I
within a patch : | |
suitable habitat | unsuitable , suitable, occupied , suitable, unoccupied

The process of scatter-hoarding involves three
distinct phases, each with their own impact on plant
fitness: seed selection, transportation, and
deposition.

https://www.bou.org.uk/pesendorfer-seed-dispersal-corvids/
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B e (West Nile virus)¥ 508 5 24801 B (Jo urdaln et al., 2007)
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https://baike.baidu.com/item/%E8%A5%BF%E5%B0%BC%E7%
BD%97%E7%97%85%E6%AF%92/4076382#reference-[2]-

http://www.mdpi.com/1999-4915/5/12/3021/htm
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https://baike.baidu.com/item/%E8%9A%8A%E5%AD%90
https://baike.baidu.com/item/%E6%98%93%E6%84%9F%E8%80%85/604696
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https://baike.baidu.com/item/%E9%9A%90%E6%80%A7%E6%84%9F%E6%9F%93/2528795
https://baike.baidu.com/item/%E8%A5%BF%E5%B0%BC%E7%BD%97%E6%B2%B3%E7%83%AD/1860406
https://baike.baidu.com/item/%E6%B7%8B%E5%B7%B4%E7%BB%93%E8%82%BF%E5%A4%A7/2864018
https://baike.baidu.com/item/%E5%B0%BC%E7%BD%97%E6%B2%B3/611
https://baike.baidu.com/item/%E8%84%91%E8%86%9C%E8%84%91%E7%82%8E/12612349
https://baike.baidu.com/item/%E8%84%91%E8%86%9C%E7%82%8E/2122235
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%7 B85 (West Nile virus)# 542 5 22T 2 H (Jourdain et al., 2007)

https://www.schoolhealt .
h.com/blog/how-to- Birds

West Nile Yirus

Information and

Tips for Preventing prevent-west-nile-virus-
the Spread of the ‘ i \
West Nile Virus and-recommended- A - 8
insect-repellents/ \
Top 20 States with Reported Cases of West Nile Virus in 2012
g N\ Prima N Incidental
ry
o //“\( transmission {( hosts
https://www.mayoclinic.o \ cycle

Mosqu lto

s o

http://www.purdue.edu/uns/html4ever/0310
B 8 09.Kuhn.westnile.html

rg/diseases- Mosquito
conditions/west-nile-

@ virus/symptoms-

T causes/syc-20350320
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Primary Trade Routes: Shipping and Invasive Species
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Marine World Heritage Sites—Biodiversity Worth Preserving
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Sea turtles Sharks z3
1) Papahanaurnokuakea ’ 11) iSimangaliso Wetland Park 3 =1
S ; 2) Aldabra Atall Seychelles 12) MaipeloNature Reserve ==
Number of invasive species ) Area de Conservadén 13) Cocos Islands National Park ‘é §
0 Guanacaste Costa Rica =2
12 &
. 37 i ; g
-l Seals @> @ Penguins g
B 16-30 4) Wadden Sea 14) New Zealand's Sub-Antarctic Islands 8 ~
I 31-56 t 5) Gough and Inaccessible 15) Heard and McDonald Islands S
' Islands 2
Introduction without effects I 6)Valdes Peninsula \ *;—'
on rative species 7) Surtsey Island - Corals -
} 8) Wrangel Island Reserve 16) Great Barrier Reef S
-~ Main trade routes L 17) Belize Barmrier Reef Reserve System 8
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Selected examplies from the 49 marine UNESCO World Heritage Sites

https://www.boell.de/en/2017/05/30/biodiversity-danger-declining-diversity
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