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Speed of Two-Sex Invasons’
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Supplemental Details of the Invason Speed Derivation and Data Tables

In the main text we claimed that for the given initial condition, solutions to the density-dependent model (21)
were bounded above by solutions of the low-density approximation (22) and that as a result, a population
governed by model (21) cannot spread faster than one governed by approximation (22) with the same initial
condition. Here we show that that is the case.

Let f,(x) be the solution to model (21) and let f,(x) be the solution to approximation (22) for the common
given initia condition f,(x). Because g(N) lies between 0 and 1, it follows directly that f,(x) < f,(x). We now
show that if f,(x) < f,(x), then f_,(X) <f..(X) (and thus, by induction, that f, < f, for al t > 0).

First note that because k,,(x) and k(x) are probability density functions and therefore nonnegative functions,
we have

huef, () * (%) < e, () * K (), (A1)

(%) * k(%) < B0 * k(). (A2)

By the third mating function axiom, the mating function is a nondecreasing function of its arguments. Hence,
using equations (A1) and (A2) in approximation (22), we have

B(hufy(x) * kn(X), SF3) * k(X)) < B(R, () * ko), $F() * K (¥) = F.o(%). (A3)
Now, repeating equation (21),

fra(¥) = gl(g)am £00 * k(%) + @ fi(x) * K ()| B(hpf, () * ki(x), 6 (X) * k(X)) (A4)

Finally, since 0 < g(N) < 1,
fi1(X) < B(hwf(X) * k(%) o.(X) * Ki(X), (A5)
which, with (A3), gives the inequality for which we seek
feva(0) < Foea (9). (A6)

We aso claimed (just below eg. [24]) that the invasion speed for a finite population governed by the recursion
(22) and initially distributed with a finite range would be greater than or equal to the invasion speed of a
population with an exponential distribution in space. To see this, again define f,(x) as the solution to equation
(22) with the finite initial condition f,(x). We compare f,(x) with a population that is initialy distributed as ae
with a > 0 chosen so that

?O <ae® (A7)
for all x. It follows from the monotonicity of 8 that

f,(x) < B(huae * k,(x), ae>* k(X)) = B(huM,(s), $M;(9)ae (A8)
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and from the definition (24) that

f,(x) < as @ e

Applying the recursion (22) to both sides of equation (A9),

f,(x) < B(hpae™® e°* Kk (X), pae™® e k,(x)) = ae™® e

Continuing in this fashion, we see that

i(x) < aest @sx — ga SOy,

(A9)

(A10)

(A11)

Since, for any s> 0, we can always find a constant a such that condition (A7) is satisified, we choose s to
minimize the upper bound (24). This yields our conjectured invasion speed (25).

Table Al Insect dispersal data
Distance
Female Mae
Latin name: order (km) (km) Notes Reference
Amblyscirtes simius
Lepidoptera .054 .034 1969 data Scott 1975
.052 .038 1970 data Scott 1975
.053 .036 Species mean
Anoplophora glabripennis
Coleoptera .023 .017 Smith et al. 2001
Aphantopus hyperantus
Lepidoptera .0905 .093 Sutcliffe et a. 1997
Boloria aquilonaris
Lepidoptera .226 .087 1995 data Mousson et a. 1999
.16 .209 1996 data Mousson et a. 1999
193 .148 Species mean
Chorthippusspp.:
Orthoptera .004 .0103 Site A Bailey et al. 2003
.00714 .0102 Site B Bailey et a. 2003
.0056 .0103 Species mean
Diaprepes abbreviatus
Coleoptera .04954 .03868 Nigg et a. 2001
Erynnis tages
Lepidoptera 104 .081 Gutierrez et al. 1999
Euchloe ausonides
Lepidoptera 179 139 Scott 1975
Euphydryas aurinia
Lepidoptera 467 .645 Wahlberg et a. 2002
Euphydryas maturna
Lepidoptera 141 .238 Wahlberg et a. 2002
Euptoeita claudia
Lepidoptera 11262 .10005 Haddad 1999
Heliconius erato
Lepidoptera .186 .318 Pupal releases Mallet 1986
.072 .166 Field captures Mallet 1986
129 242 Species mean
Heliconiusspp.:
Lepidoptera .0417 .0704 Pollen movement distances Murawski and Gilbert 1986
Hesperia pahaska
Lepidoptera .038 .059 Scott 1975
Homalodisca vitripennis
Homoptera .025455  .02239 Blackmer et al. 2006
Hypaurotis crysalus
Lepidoptera .011 .015 Scott 1975
Icaricia icaioides fenderi
Lepidoptera .0115 .0174 Schultz 1998
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Table A1 (Continued

Distance
Female Mae
Latin name: order (km) (km) Notes Reference
lolana iolas
L epidoptera .16 .083 Rabasa et al. 2007
Juonia coenia
L epidoptera .10507 .09524 Haddad 1999
Lycaena arota
Lepidoptera .018 .011 Scott 1975
Lycaena helle
Lepidoptera .1076 .0675 Fischer et a. 1999
Lycaena virgaureae
Lepidoptera .091 .098 Douwes 1975
Lygus hesperus
Hempitera .0024 .007 Bancroft 2005
Maniola jurtina:
Lepidoptera .0402 .0507 Hightown 1976 Brakefield 1982
.0484 .0452 Hightown 1977 Brakefield 1982
.0437 .0349 Hightown 1978 Brakefield 1982
.0683 .0667 St. Andrews Brakefield 1982
.0582 .0491 St. Andrews Brakefield 1982

.0518 .0493 Species mean
Melitaea athalia

Lepidoptera .555 498 Wahlberg et al. 2002
Melitaea cinxia
Lepidoptera 573 438 Wahlberg et al. 2002
403 311 Kuusaari et a. 1996
488 375 Species mean
Melitaea diamina
Lepidoptera 469 436 Wahlberg et al. 2002
Melitea athalia
L epidoptera .0678 .0824 1993 data Schwarzwalder et a. 1997
.0625 107 1994 data Schwarzwalder et al. 1997

.0652 .0947 Species mean
Metrioptera bicolor

Orthoptera .00216 .00225 Kindvall 1999
Neominois ridingsii
Lepidoptera .089 .046 1969 data Scott 1975
.061 .047 1970 data Scott 1975
.075 .047 Species mean
Paranassius apollo
Lepidoptera .298 .349 Brommer and Fred 1999
Paranassius phoebus
Lepidoptera .066 .068 Scott 1975
Parnassius mnemosyne
Lepidoptera 172 77 Konvicka and Kuras 1999
Plebejus argus
Lepidoptera .0101 153 Release A—local Seymour et a. 2003
Plebejus argus
L epidoptera .0116 124 Release A—fragmented Seymour et al. 2003
.0058 123 Release A—continuous Seymour et a. 2003
.025 .0309 Release B—local Seymour et al. 2003
.0183 .037 Release B—fragmented Seymour et a. 2003
.0148 .0326 Release B—continuous Seymour et al. 2003
.0142 .0834 Species mean
Plutella xylostella
Lepidoptera .00907 .00636 Year 1A Mo et a. 2003
.00815 00823 Year 1B Mo et al. 2003
.00676 .0105 Year 2 A Mo et a. 2003
.0051 00551 Year 2B Mo et al. 2003
.00546 .00974 Year 2C Mo et a. 2003
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Table A1 (Continued

Distance
Female Male
Latin name: order (km) (km) Notes Reference
.0073 .00734  Year 3 Mo et al. 2003
.00697 .0237 Species mean
Precis coenia
L epidoptera .029 .021 Lab-reared Scott 1975
.03 .03 Wild-caught Scott 1975
.0295 .0255 Species mean
Proclossiana eunomia
L epidoptera 123 .059 Mennechez et a. 2003
Zygaena filipendulae
L epidoptera .03 .034 Menendez et a. 2002

Note: Distance values are means unless otherwise noted. For species with multiple estimates (from different studies, years, populations, or life
stages), we calculated species means (used in fig. 2).
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Table A2. Avian dispersal data

Distance
Female Male
Latin name (km) (km) Notes Reference
Accipiter gentilis 345 80.0 Median juvenile distance Byholm et al. 2003
64.0 49.0 Median adult distance Byholm et a. 2003
49.3 64.5 Species mean
Accipiter nisus 41.0 235 Annandale population Newton and Rothery 2000
488 37.7 Eskdale population Newton and Rothery 2000
449 30.6 Species mean
Acrocephalus sechellensis 4.0 2.0 Median natal dispersal in units of territories Eikenaar et al. 2008
20 15 Median breeding dispersal in units of territories  Eikenaar et al. 2008
30 1.75 Species mean
Aegoilius funereus 140 47.7 Saurola 2002
Bonasa bonasia 2.0 4.0 Montedert and Leonard 2006
Bubo bubo 56.3 333 Saurola 2002
Campylorhynchus nuchalis .388 331 Yaber and Rabenold 2002
Charadrius alexandrinus 6.9 4.2 Median distance Stenzel et a. 2007
Ciconia ciconia A77 .015 Median distance Chernetsov et al. 2006
Circus aeruginosus 765 104 Sternalski et al. 2008
Colaptes auratus 201 .082 Median distance Fisher and Wiebe 2006
Colinus virginianus 3.161 3.048 Townsend et al. 2003
Empidonax traillii 23 17 Median distance Sedgwick 2004
Glaucidium passerinum 31.6 115 Saurola 2002
Lanius collurio 374 .186 Median distance Pasinelli et a. 2007
Otus kennicottii 13.8 6.2 Ellsworth and Belthoff 1999
Parus caeruleus 121 .669 Antwerp population Tufto et al. 2005
4.4 213 Ghent population Tufto et a. 2005
2.8 14 Species mean
Parus major 717 534 Antwerp population Tufto et a. 2005
2.32 1.39 Ghent population Tufto et a. 2005
152 .96 Species mean
Passer domesticus 227 24.0 Tufto et a. 2005
Perdix perdix 478 1.009 Salek and Marhoul 2008
Strix aluco 29.7 23.7 Saurola 2002
Strix nebulosa 63.4 36.4 Saurola 2002
Strix occidentalis occidentalis 11.7 10.1 Lahaye et al. 2001
4.0 10.0 Median juvenile distance Blakedley et a. 2006
9.0 8.0 Median adult distance Blakedley et a. 2006
8.23 9.36 Species mean
Strix uralensis 31.2 21.6 Saurola 2002
Sula granti 105 .026 Huyvaert and Anderson 2004
Tachycineta bicolor 8.38 244 Winkler et al. 2005
Tetrao tetrix 8.0 15 Caizergues and Ellison 2002

Note: Distance values are means unless otherwise noted. For species with multiple estimates (from different studies, years, populations, or life stages), we calculated

species means (used in fig. 2).

Literature Cited in Table A1

Bailey, R. I., M. E. Lineham, C. D. Thomas, and R. K. Butlin. 2003. Measuring dispersal and detecting
departures from a random walk model in a grasshopper hybrid zone. Ecological Entomology 28:129-138.
Bancroft, J. S. 2005. Dispersal and abundance of Lygus hesperui field crops. Environmental Entomology 34:

1517-1523.

Blackmer, J. L., J. R. Hagler, G. S. Simmons, and T. J. Henneberry. 2006. Dispersal of Homalodisca vitripennis
(Homoptera: Cicacellidag) from a point release site in citrus. Environmental Entomology 35:1617-1625.

Brakefield, P. M. 1982. Ecological studies on the butterfly Maniola jurtina in Britain. |. Adult behaviour,
microdistribution and dispersal. Journal of Animal Ecology 51:713-726.

5



Appendix from T. E. X. Miller et al., Two-Sex Invasions

Brommer, J. E., and M. S. Fred. 1999. Movement of the Apollo butterfly Parnassius apollaelated to host plant
and nectar plant patches. Ecological Entomology 24:125-131.

Douwes, P. 1975. Distribution of a population of the butterfly Heodes virgaureaeOikos 26:332—-340.

Fischer, K., B. Beinlich, and H. Plachter. 1999. Population structure, mobility and habitat preferences of the
violet copper Lycaena hellgLepidoptera: Lycaenidae) in Western Germany: implication for conservation.
Journal of Insect Conservation 3:43-52.

Gutierrez, D., C. D. Thomas, and J. L. Leon-Cortes. 1999. Dispersal, distribution, patch network and
metapopulation dynamics of the dingy skipper butterfly (Erynnis tages Oecologia (Berlin) 121:506-517.

Haddad, N. M. 1999. Corridor and distance effects on interpatch movements. a landscape experiment with
butterflies. Ecological Applications 9:612-622.

Kindvall, O. 1999. Dispersal in a metapopulation of the bush cricket, Metrioptera bicolor (Orthoptera:
Tettigoniidiag). Journal of Animal Ecology 68:172-185.

Konvicka, M., and T. Kuras. 1999. Population structure, behaviour and selection of oviposition sites of an
endangered butterfly, Paranassius mnemosyna Litovelske Pomoravi, Czech Republic. Journal of Insect
Conservation 3:211-223.

Kuusaari, M., M. Nieminen, and |. Hanski. 1996. An experimental study of migration in the Glanville fritillary
butterfly Melitaea cinxia Journal of Animal Ecology 65:791-801.

Mallet, J. 1986. Dispersal and gene flow in a butterfly with home range behavior: Heliconius erato(L epidoptera:
Nymphalidae). Oecologia (Berlin) 68:210-217.

Menendez, R., D. Gutierrez, and C. D. Thomas. 2002. Migration and Allee effects in the six-spot burnet moth
Zygaena filipendulaeEcological Entomology 27:317-325.

Mennechez, G., N. Schtickzelle, and M. Baguette. 2003. Metapopulation dynamics of the bog fritillary butterfly:
a comparison of demographic parameters and dispersal between a continuous and a highly fragmented
landscape. Landscape Ecology 18:279-291.

Mo, J., G. Baker, M. Keller, and R. Roush. 2003. Local dispersal of the diamondback moth (Plutella xylostella
(L.)) (Lepidoptera: Plutellidae). Environmental Entomology 32:71-79.

Mousson, L., G. Neve, and M. Baguette. 1999. Metapopulation structure and conservation of the cranberry
fritillary Boloria aquilonaris(Lepidoptera, Nymphalidae) in Belgium. Biological Conservation 87:285-293.

Murawski, D. A., and L. E. Gilbert. 1986. Pollen flow in Psiguria warscewicziia comparison of Heliconius
butterflies and hummingbirds. Oecologia (Berlin) 68:161-167.

Nigg, H. N., S. E. Simpson, L. E. Ramos, T. Tomerlin, J. M. Harrison, and N. Cuyler. 2001. Distribution and
movement of adult Diaprepes abbreviatu§Coleoptera: Curculionidae) in a Florida citrus grove. Florida
Entomologist 84:641-651.

Rabasa, S. G., D. Gutierrez, and A. Escudero. 2007. Metapopulation structure and habitat quality in modelling
dispersal in the butterfly lolana iolas Oikos 116:793-806.

Schultz, C. B. 1998. Dispersal behavior and its implications for reserve design in a rare Oregon butterfly.
Conservation Biology 12:284-292.

Schwarzwalder, B., M. Lortscher, A. Erhardt, and J. Zettel. 1997. Habitat utilization by the heath fritillary
butterfly, Mellicta athalia ssp. celadussgRott.) (Lepidoptera: Nymphalidae) in montane grasslands of
different management. Biological Conservation 82:157-165.

Scott, J. A. 1975. Flight patterns among eleven species of diurnal Lepidoptera. Ecology 56:1367—1377.

Seymour, A. S., D. Gutierrez, and D. Jordano. 2003. Dispersal of the Lycaenid Plebejus argusn response to
patches of its mutualist ant Lasius niger Oikos 103:162-174.

Smith, M. T., J. Bancroft, G. Li, R. Gao, and S. Teale. 2001. Dispersal of Anoplophora glabripennis
(Cerambycidae). Environmental Entomology 30:1036-1040.

Sutcliffe, O. L., C. D. Thomas, and D. Peggie. 1997. Area-dependent migration by ringlet butterflies generates a
mixture of patchy population and metapopulation attributes. Oecologia (Berlin) 109:229-234.

Wahlberg, N., T. Klemetti, V. Selonen, and |. Hanski. 2002. Metapopulation structure and movements in five
species of checlerspot butterflies. Oecologia (Berlin) 130:33-43.

Literature Cited in Table A2

Blakedey, J. A., D. R. Anderson, and B. R. Noon. 2006. Breeding dispersal in the California spotted owl.
Condor 108:71-81.



Appendix from T. E. X. Miller et al., Two-Sex Invasions

Byholm, P., P. Saurola, H. Linden, and M. Wikman. 2003. Causes of dispersa in northern goshawks (Accipiter
gentilig in Finland. Auk 120:706-716.

Caizergues, A., and L. N. Ellison. 2002. Natal dispersal and its consequences in black grouse Tetrao tetrix lbis
144:478-487.

Chernetsov, N., W. Chromik, P. T. Dolata, P. Profus, and P. Tryjanowski. 2006. Sex-related natal dispersal of
white storks (Ciconia ciconig in Poland: how far and where to? Auk 123:1103-1109.

Eikenaar, C., D. S. Richardson, L. Brouwer, and J. Komdeur. 2008. Sex biased natal dispersal in a closed,
saturated population of Seychelles warbler Acrocephalus sechellensidournal of Avian Biology 39:73-80.
Ellsworth, E. A., and J. R. Belthoff. 1999. Effects of socia status on the dispersal behaviour of juvenile western

screech-owls. Anima Behaviour 57:883-892.

Fisher, R. J,, and K. L. Wiebe. 2006. Breeding dispersal of northern flickers Colaptes auratusn relation to
natural nest predation and experimentally increased perception of predation risk. lbis 148:772—781.

Huyveert, K. P., and D. J. Anderson. 2004. Limited dispersal by Nazca boobies Sula granti Journal of Avian
Biology 35:46-53.

Lahaye, W. S, R. J. Gutierrez, and J. R. Dunk. 2001. Natal dispersa of the spotted owl in southern California:
dispersal profile of an insular population. Condor 103:691—700.

Montadert, M., and P. Leonard. 2006. Post-juvenile dispersal of hazel grouse Bonasa bonasian an expanding
population of the southeastern French Alps. Ibis 148:1-13.

Newton, I., and P. Rothery. 2000. Post-fledging recovery and dispersal of ringed Eurasian sparrowhawks. Journal
of Avian Biology 31:226-236.

Pasinelli, G., M. Muller, M. Schaub, and L. Jenni. 2007. Possible causes and consequences of philopatry and
breeding dispersal in red-backed shrikes Lanius colluria Behavioral Ecology and Sociobiology 61:1061-1074.

Salek, M., and P. Marhoul. 2008. Spatial movements of grey partridge Perdix perdix male-biased spring
dispersal and effect of habitat quality. Journal of Ornithology 149:329-335.

Saurola, P. 2002. Natal dispersal distance of Finnish owls: results from ringing. Pages 42-55 in |. Newton, R.
Kavanaugh, J. Olsen, and |. Taylor, eds. Ecology and conservation of owls. CSIRO, Collingwood, Victoria.

Sedgwick, J. A. 2004. Site fidelity, territory fidelity, and natal philopatry in willow flycatchers (Empidonax
traillii ). Auk 121:1103-1121.

Stenzdl, L. E., G. W. Page, J. C. Warriner, J. S. Warriner, D. E. George, C. R. Eyster, B. A. Ramer, and K. K.
Neuman. 2007. Surviva and natal dispersal of juvenile snowy plovers (Charadrius alexandrindsin central
coastal Cdifornia. Auk 124:1023-1036.

Sternalski, A., C. Bavoux, G. Burneleau, and V. Bretagnolle. 2008. Philopatry and natal dispersal in a sedentary
population of western marsh harrier. Journal of Zoology 274:188-197.

Townsend, D. E., D. M. Ledlie Jr., R. L. Lochmiller, and S. J. DeMaso. 2003. Fitness costs and benefits
associated with dispersal in northern bobwhites (Colinus virginianu¥. American Midland Naturalist 150:73—
83.

Tufto, J,, T.-H. Ringsby, A. Dhondt, F. Adriaensen, and E. Matthysen. 2005. A parametric model for estimation
of dispersal patterns applied to five passerine spatially structured populations. American Naturalist 165:E13—
E26.

Winkler, D. W,, P. H. Wrege, P. E. Allen, T. L. Kast, P. Senesac, M. F. Wasson, and P. J. Sullivan. 2005. The
natal dispersal of tree swallows in a continuous mainland environment. Journal of Anima Ecology 74:1080—
1090.

Yaber, M. C., and K. N. Rabenold. 2002. Effects of sociality on short-distance, female-biased dispersal in
tropical wrens. Journal of Animal Ecology 71:1042—-1055.



