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Until the 2011 growing season, potato psvilid was considered to be pnimanly or sndly a
problem in regions outside of \\-'a!il'ilnglm ldaho, and Cwegon. This bit of tnrn}'llamnmr Jsfalrh
understandable. Despite a history of psdlid outbreaksin North Am enica known from ot | east t]u:]all:
1800s, no wide-scal e dam age had been seen in
regions of the Paafic Northwest, outs de of some
hotspots in southeast [daho (Fig. 1) Indeed, the
accepted wisdom in the |900s was that potato
psyllid wasunable to overwinter in northem
latitudes, and that outbreaks extending into
Montana and similar | atitudes were due to dispersa
by psyllids northwards from winter and spring
habitatsin the southern U.S. and northern Mexico
iFig. 1).

he perception that potato psyllid wasnot a
concern in the Paa fic Northwest was shattered in
2011, when mn outbreak of zebra dup disease
caused substantial economic damage in all three
stabes. Five veams |ater, we shill do not know what
conditions led to that cutbreak, The most
important question was and continuesto be: what
are the sources of potato psvilids that coloni ze

: Figure 1. Knownor potential winke r'spnng Lyeis host pla nis
potato fields in late May and early June? Nol of pota o psylled i the southern U5 and yvpothesized roue

knowing the source of psih ds makes it difficult to of dispersal From this region. Developad from infonm fon in
predict when potato psyllids will amve, and Romney 1935, 1939; and Wallis 1955,
impossibl e to predict in what fi dds the psyllids
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will armive. We are becoming more convinced that psyllidsin potat o fid ds of the Paa fic Northwest are
year-round res dents, not migrants from more southem regions, and that they show up in aop fidds as
local migrants from non-crop hosts. The di ficulty is in testing this hypothesis.

With the aid of a $2.7 M grant from the USDA’s Spedalty Crop Research Institute, we are
begnmng to address this qum:hm (WSU News hitps//news. weu edw 201510005 wsu-receives 2.7

-to.r (i ). These funds, awarded to W ashington State University, are
all-:m"mg soentisis in "-‘I-'aﬁhingtm. Cregon, and Idaho to ex amine what non-crop species contribute to
psyllid coloni zation of potato. We are taking a three-pron ged approach in addressing this question:
examination of genetic smilanty of psyllid populations on arop and non-crop plants landscape-wi de
modeling of host pl ants and psyllid hot spots; and molecular detecti on of plant DNA in psyllid coloni sts
These approach es wall be discussed in more detail below. What is needed for all approaches, however, is
that we first have som e i dea about psyllid numbers and phenol ogy on targeted non-crop speaes Cur
first efforts have looked af species of Lyciwm, perennial plants in the Solanaceae that are widespread in
and regions of North and South Amenca and that are known to host potato psyllidin the southw estern
U.S. (Fig. 1). Our studies of £yciwm began in 2014 wath funding support from the Northwest Potato
Research Consontium, and the research continuesinto and beyond 2016 with SCRI support.

In thisreport, we update our results from 24 vears of monitonng of £yeium at locaionsin WA,
ID, and OR. This work suggests that phenol ogy of Lyeium and potato psyllid in the Pacific Northwed is
sinkingly similar to what occurs in southern growing regions, and we will suggest that observations
from the southern 1.5, can be useful in understanding what i s happening in the Facific Northwest. The
presence of Zyveium in the Pacific Northwest, where it isnot native, has a very interesting hi story, and
we will discussthat history, Indeed, an understanding of this history provides dues about the
gwgra;'lluf di sribution of Lycium in the potato growing regmns of the Paa fic Northwest, Fmall:.f. our
monitoning resul ts provide circum stantial evidence that £yveiwmw 152 source of potato psylid amving in
potato fields of the Paafic Northwest, We will show this arcum stanti al evidence, and then discuss how
we are going about lmnglhe evidence.

Figire X, Mulhple species of Lyciwn showing lowe s and fru
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What Is Lyciwm? There are about 85 species of £yveiwm worldwide, known vanously as
matrim ony vine, Gogi berry, desert thomn, and wolfberry, These plants have a perennial life cyde, are
generall y shrub-like in form (Fig. 2}, and are often armored with thoms. The fannel-shaped or tubular
flowers have five petal s and are purple, blue, or white in color (Fig, 2). Bemes are fleshy and generally
red or orange in color (Fig. 2} Lyciwm apparentlv oniginated in the deserts of South Amenica, and the
plants have important li fe history traits that alow them to flounsh in region s of drv summ er conditions.
These plant trats in tum affect biodogy of potato psyllid, as we will show, Lyeiwm isparticular y
common and widespread in the deserts of the southwestern U.5. and northern Mexico, and the pl ants are
widdy used as hostsby potato psyllid in these regions (Fig. 1). The two spedes of Lyciuwm that ocour in
the Pacific Northwest are not native to the reg on, but are instead imtroductions from Furasia. These two
speaies have had an interesting history in colonizaton of the Paa fic North west, and we will discuss
some of that hisory in the following sections.

Lessons from the desert southwest. We have known since the early 1900s that species of
Lycium are impodant host plants for potato psvllidin northern Mexico and the southern ULS. (Fig. 1).
The plants are adapted to the and conditions of these deserts, inhabiing arroyvos, streambeds, or washes
generally o elevations b ow 3000-4000 feet. Cne important speaes for potato psyllidis Zyeium
andersonii, known s Anderson’s wol fberry or water jacket (Fig. 3). This plant i s common in southem
Anzona, New Mexico, and northern Mexico, and supports high densities of potato psvlid at certain
times of the vear (Fig. 3). Observati ons from the | 900s can be used to illustrate phenology of potato
_[!E‘!."]lld and £, andersonii in the desert southwesd [Fl!', 3} Lyveium andersonii, like other Lyveium q‘mlﬂ,
has evol ved an interesting way of surviving the dry simmer conditi ons ofits desert habitat. The shrubs
have two season al intervals in which new foliar growth is put on, with the two intervals separated by
leaf fall and 2-3 months of leafl ess summ er dormancy (Fig. 4; see also photographsin Fig. 3). Leaf-
drop and dorm ancy areinduced by hot, dry conditions In fact, artificial imgation of Zycium has been
shown to turn these deaduous shrubs into evergreen pl ants — thus, shrubs that recei ve imi gab on will dap
the mid-season | eaf-drop and dormancy, and rem ain evergreen through the heat of the summer.

Flgure 3. [icison andervonii. Growth fo anilower kel Ja nary 2 id Oc bber Nisl kalle s sismime r do nme y, and fowes
{lower nghti. The wpper left el showsadol. epes and mrmpls ol oo pelidonl. andersonii,
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Potato psdlid is at its hi ghest densities on £ andersonii just preceding the plant’s summer
dormancy (Fig. 4). Summer leaf-drop prom pts the psyllid to disperse, snd it 15 of this ime that a burst of
movement northwards (Fig. 1)is thought to occur, Itis aso likey that some portion of the dispersing
population remainsin the reg on by moving to higher altitude locations where they ather col onize
stands of Lyeiwne at the shrubs® high-elevation limits, or coloni 2e hi gh-atitude host plants of other
genera (e.q., Solanum, Physalis, and Nicotiana are common representatives of the higher elevation flora
of southern Anzona and New Mexicol Finallv, it may be that potato psvilid, like itshost plant,
becomes quiescent in simmer and remains & verylow denaties on or near the leafless shrub, possiblyin
leaf hitter below the shrub. Once simmer dorm ancy has ended, a new flush of foliage and flowers
beginsin September, and potato psyllid col oni 225 this new flush (Fig. 41 The source of these autumn
col onists is not known, but coul d indude psyli ds returning from higher elevabons or quiescent psyllids
which had sayed with Lyciwm through the shrub’s summ er dormancy. A trickle of psyllids then
overwinters on the winter-leafless Lyciwm, presumably in a quiescent state, until January when plant
flush prompts a new round of egglaying,
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Matrimony vine: Its arvival and spread in the Pacific Northwest. In 2014, we began
monitoning stands of Lyciwm at multiple sites in WA, OR, and ID Figs. 5-6). Two observations
immedi ately became apparent during this monitoring. First, stands of Lycium are very common and
widespread in the dry inten or of the Paafic

Northwest (Figs. 5-6). We will expl ore the ® Cmal.

reasons for this widespread presence in the S '

foll owing paragraphs. Second, phenology of U Pullman
potato psyllid and its £y ium host in the Padific B L.
Northwest look very smilar to what oceurs in the r Prier o, opis e b
desert southwest. This similanty is all the more - il f

sinking given that the Lyciwm in the Pacific LMkl g Dagvili

MNorthwest 15 not native to North Amenca, but L)

arrived here from Europe and Asia. o o, | [
Two species of Lycium occur in the Pagfic  —~ ~ « W e
Morthwest: Lyeiwm barbarum and Lyeium g i |
chinense. These shrubs are refered to !
ﬂjlﬂﬁ"ﬂ}'- IIEI l'.'lﬂﬂﬁ'l 'H'jthllll 'i“i“':tim" as Fi'.lr-l 5. Loca il;mu[rrplr-'umlq v exmmimed WAL 10D,
matrim ony vine and Goji berry. In popular and OR. all found 1o host potato peylll. Red symbols:

accounts of Lyveiwm in the Pacific Morthwest, the  intersively sumpled locations
com mon nam es are regul arl v used interchangeably
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Figuwre 6. Stands of o tnim oy viee st multipke hnlum :.hmmng m'rrlh forime and sum u'dlng }lblut T Ir:urd at
oo e, WA 15 locatad ing egional old homeste ds and 8 cemeteny: the stone im dang the eoinectery states T mesory of
the Low Gap hame sieaders who “cloimed o deser” (190319007,

and without accompan ving tax onomic details. This practice has led to frustration for us in determining
just what speaesarein the Pacfic Northwest, and in determining how the plants amved in the Paafic
MNorthwest. Additional confus on is caused by difficul iesin distingu shing between peces We have
used both floral morphology and m olecular m ethods to examine stands of Lyciwm from WA, D, and
CH. While there is both m orphological evidence and m olecular evidence that both £ barbarem and £
chinense ore present in the Poaa fic Northwest, the evidence also argues for the presence of intermediate
forms, poss bly due to hybndization. We use “matnmony vine” and "“Goji berry™ interchan geabl v in
this report, foll owing the lead of the litersture that we will be discussing.

Matrimony vine has had an interesting cul tural history preceding and accompanyin g i ntroduction
into North Amenca. Both L. barbarum mnd £ chinense are native to Eurasia, despite the New World
orgin of the genus. £yeiwm amived in Asia apparently as a col onist from Africa. The Afncan flora, in
turn, 15 a consequence of dispersal from the Amencas The two speaes were dom esticated in China, and
have had along and very important cultural connection with the Chinese people, The bermes are
popularly known as Goji, and have been used for centunes by the Chinese in teas, as dned condim ents,
as addiions to soups and stews, and for medicinal purposes. Matmmony vine spread worl dwi de from
this Asian locus, induding into the Pacific Morthwest. What is interesting for us is that matnim ony vine
has taken two quite different, hum an-as= sted routes asit col onized the Paafic Northwest and spread
through the region’s dry intenor. As we now discuss, these different routes help explan the carrent
widespread di smbution of matnim ony vine in western Morth Amenca

Homesteads, railroads, and the North American gold rush. Malrim ony vine is common
throughout the dry interi or of western North Amenca (Fig. 7; green shading shows county presence).
The shrubs col onized western Noith Am en ca through two quite d flerent routes. One source of shrubs
was the Euro-Am encan settlers and hom esteaders, who pl nted m ainmony vine a8 they m oved into the
western ULS, in the 18005 and earl v 19005, Stands of m stnimony vine ore “found exten 'il'ﬁ"fl'l." around
abandoned homesteads in the dry interior of north e E'dlfurnln, eastern Oregon, and eastern
Washington (Figs. 6 and ). Some of these dands may be over a century ol d, suniving with continu ous
reseeding or by donal growth. In some cases, the only indi calion that a site was actually the locati on of
homestead isthe presence of these ol d fands of matnm ony vine - all other evidence for the homestead
having long vanished. A mapping effort in early 2000 at the federal Hanford site in Washington State
(Trumbo 2004, King 2015} led to the discovery of 50 or more discrete patches or stands of matnmony
vine, many apparently associated with long-departed, pre-World War [l homesteads (Fig. 6). The stand
of matrim ony vine that we monitored near George, WA (Fig. 5 ) is located in a site that apparently had
been occupied in the eady 1900s by homesteads and a cemetery (Fig. 6)
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1 *' A h _le' ..
Figure 7. L-.-Lui_'.--dla.mblluuuflrumlmm vine ) : - :
jgreen shudingl Red 2 nd yellow lines show moute Figure B Matnoomy vine growing o bong be ben wall of the remmints
of Temeontine i ) Railmad ( 11.5.5, with ed dot of anold O gon hemestead { fiom Bckmnad Long 19641

showing loca ton exst and west banc hes were
joined { Fromontory Swmmit UT @ med line in
Camda shows oue of Camdan Facific Ralmad.
Red ova ls iniCaliforms and Carmda sho w oo tons

of 1830s-1 8605 gold nehes,

Matrimony vine 15 actually more of a shrub than avine, and was often tran ed to grow in an
upright form o ong walls or the front snd back porches of homeseads (Fig. 8. 1t has been suggested
that these shrubs were plmnted by homesteaders as a source of som ething green in otherwise vegetation-
poer regions, as well as a source of shade near the home itsd £ The following, from an artide published
in the 1940s, describes this history for a desert region (Silver Lake) in central Cregon (History of the
Fl'ﬁl'll:ﬂl Hﬂhﬂﬂ al F-l:l.'EEI I';u-ﬂ':l “Thix = adicm f!ﬁ'r'fl.u'r Lake, -I"Jn';:,;'c:ll.r_,f iz fcaided fn one af the masd dexer-
like vallews in the siale of Oregon. Becguse il is dry and exposed to drifting sands, it is diflicwlt 1o beep
things growing, and the stalion well ix pol up fo gny very eviensive ireigation. Henoe anyihing that will
grow withow! much waler or atication and produce @ spoil of green §5 doubly welcome,  Trumpel, or
mairimonial vine as it is sometimes called, meets the se specifications. With its abundance of small
puirple flowers and green leaves, this plant is a prominent featiore of the desert country, growing wild
about abandoned homesteads long after every other living thing, plant, or animal has given up the
struggle . Shrubs growing next to houses may have recaved water as dishwater was disposed of
through kitchen windows {Jackman and Long 1964). Som e folklore has it that newd yweds pl anted
matrim ony vine on new hom esteads to bless the marmage. Matrimony vine has been called a “pass-
along plant”, speaesin which “small rooted portions are li fled and gifted”, ofien from mother to
dmughter, snd this tradition helped the sped es spread between homesteads (Todt and Hannon 2016).

A vastly & fTerent route of amval drove the colom zion snd spread of what 15 populad v referred
to as Gyl berry, a common name offen used interchan geably with "matnm ony vine”. Waves of Chinese
immigrants began amving in San Franasco in the 1850x, and with these i mmi grants cam ¢ com ponents
of their native culture, induding tradiional Chinese foods such as Gopi barry, These immigrants amved
in the tens of thousands, escaping poverty and aval warin China, imitially bound for the gol d fid ds of
California (Fig. 70 They were known as “Celestid 8 (with China asthe “Celestial Kingdom™), and they
made their way to California, traveling first to Hong Kong in junks, and from there jamm ed into the
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holds of smling vessels in passage to San Fronasco. Tharhopes were
to accumulate a few hundred dollars from the Califormia gold rush,
suffiaent to provide for retum home to China and a retirem ent of
relalive ease,

From San Franasco, the Celesti als filtered not only into the
gold fidds of Califormia, but became dso a virtually indi spensabl e
source of labor in the com pletion of the sechion of the Transcontinental
Railway between Sacramento and Promontory Summit in Northem
Utah (the site that the western and eastern sections met and became
joined; see red dotin Fig. 7). Aslarge camps of Chinese workers
became established in the gold fields or don g railway lines, camp
inhabitants spread Goji berry into these regions asthey planted seed
brought from China and as they disposed of thar garbage in moving
from work site to work site. Goji berry continued to spread as the
Chinese moved opportunisticall y into other regions of Morth Amen ca,
often fuded by additional immigration. The 1850s™-1360s gold rush in
the Fraser River Valley of Entish Columbia led to substantial levels of
Chinese immigration into Bntish Columina, and these regions now
support populations of Gogi berry (Fig 7). In the 1880s, the western
portion of the Canadian Pacfic Ralroad was built (Fig. 7},
substantially wath the help of Chinese immigrants. An estimated
17,000 Chinese cam e to work on the milroad, living often in tent aties
d ong the planned route much asthey did when working on the
Transcontinental Ralroad in the U.S. Goji berry spread with the
Chinese laborers. The photographsin Figure 9 show a Chinese
cemetery from the 1300s located near Kamloops, B.C., overgrown with
Gioji be ants from seed ently bur ed with occupants of the
ggres{réyu!ilid 2016). Swﬂtmﬂcj?bary plants tmﬁmlu expand
in these regi ons as the seed i s spread by rain, birds, and humans.

Matrimony vine as ssurce of potato psyllid in the Pacific Figure 9. Cenciery bor Chinese
Northwest. All 14 dands of matrimony vine that we examinedin WA, E’"C“E:“'“::F":;_frﬂ" E‘ﬁﬂ“"“'
ID, sd OR (Fig, 5) were found to be infested with potato psyilid. Goji by ph’"m if‘maﬂﬂlm
These populations are di tnbuted over a broad geograplic range, '
extending as far noth dmost to Canada and at |east as for southw ards
into the B oise region of [daho. These results suggest that association of potato psyd b d with matnm ony
vine in the Paafic Morthwest is common and widespread. At five locations (Fig. 5: red symbaol s), we
sampl ed matrnim ony vine at 2-4 week interval s over the course of two vears, to | eam about phenol ogy of
potato psvllid in rel ati on to phenol ogy of m anmony vine. Sampling at these | ocati ons began in summer
and autumn of 2014 and extended into late June 2016 (Fig. 10). Potato psyvllid was monitored using a
beating sheet (Fig. & see Prosser photograph). Owver 8000 adult psyllids were collected during the two
vears summ ed across the five locaions. Psyllid numbers sometim es reached quite high levels,
exceeding 10 per tray a one location (K shlotus) on several sample dates (Fig. 10). Psdlid phenology
was characten zed by two well-defined seasonal peaks, separated by intervals in which few or no adult
psyllids could be collected. These peaks ocourred il y simultaneously across locati ons, and induded a
late spring peak in May and early June (Fig. 10t blue shading), and a mid-awtumn peak in Ocober (Fig.
11k red shading). The May' June peak in aduli numbers was preceded by | arge numbers of eggs and
nymphs on spnng flush (Fig. 11). Population trends at the Pullman location were som ewhat i fTerent
from the other sites, in that psyllids remained visible on m alrim ony vine even in mid-summ er, possbly
becouse precipitab on in the Pullman region 1s sutha ently lugh to keep the shrub green through the

growing season (see next paragraph).
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mairin ;T:J,I:::ﬂ ﬁ?ﬂfﬂ?ﬁ?ﬂiﬁi Leaf-fall [LF): Lzaf wllmhg afn:l partial
strikingly similar to phenology of the psyilid on to complete summer defoliation
Lycium in the desert southwest. Potato psyllid often —
increased to high numbersin May and June (although
not at all sitesboth years), but then seemingly
disappeared from the host plant at dl locah ons
except Pullman during the hot and dry conditions of
late-June through August and into September.
Mammony vine exhibited the same response to hot,
dry summer conditions as shown by itsrelatives of
the desert southwest (Fig. 12). Except at the higher-
precipitati on location (Pullman |, | eaves began
tumning yell ow in mid- to late-June, and then dropped
from the plant e ther patially or completdy Fig
12). At the Pullman site, shrubs remained m osly
green dunng the summer. Following the summ er
interval of shrub dormancy, new growth began in
September and October, and potato psyllid increased
to often large numbers on this new growth preceding
winter - just as what i s observed on Lyeium in the : k
desert southwest (Fig. 4). The source of these e
autumn psylli dsisunknown,

So, is matrimon 'y vine a source of psyllids
col omang pofato fieldsin the Pacific Northwest 7
We end this arficle with som e discussion of how our
SCRI-funded project i s addresang this queshon. We

; ; Figure 1l Boallmy ovumisof pods i piylbd on ne mmeny v
pocled the m airimony vine data from all locah ons shmirg spring (b shading) ard suam (10 siding praks 1

except the Pullman site, and show these phenology  jumibers sepamied by ineralsofvery low psy il namibers. 11
data (Fig. 13: gray shading) overlain on the psdlid  Pasce™ s the Ellopin becatin of Figuse 5.

data from the WSU wapping network (Fig. 13: solid

ardes and lines). The WSU data show percentage of potato fiel dsin which
potato psyil d was trapped, with the data taken directly from graphs shown in
the wedkly WSU-Potato Pest Alerts (hittpe/usl 3. campaign-

archive2 comhom eTu=2e 87 1401 1 T4bfbal §a07T04&1d=0%dc | ah34%).
Pslids began showing up in potato fid ds at virtuall v the sam ¢ ime that they
were di sappeaning from matnm ony vine, coina ding with the onset of summer
defoliation. We show visually what we think is happening by use of a smple
(and hi ghlv specul ative) model (Fig. 14), basing the model on our 2015
sampling results.  Yell owing and deteriorati on of the m atnimony vine host in
June prompts movement oftf of matrimon v vine and into potato (Fig. 14: red
shading). This interval is followed by in-field reproduction and spread of the
psyllid among potato fields (Fig. 14: blue shading ), possably supplemented by
amvals of psylli ds from other non-crop plants such asbittersweet nightshade.
Vine kill in late summer likely prompts psyllids to disperse from potato idds
and it is possble that this dispersal may contnbute to the autumn build-up of  Figure 11. Eggsand nymphs
psyllids on newly flushed matrimony vine. Psvlidsthen overwinter in low  onmew gmwthof matnmemy
numbers on manmony vine, followed by at least one generation on new vire, Selsh WA.

spring foliage in March-May preceding m ovement into potalo fidds
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How are we testing thismodd? Cur SCRI-funded work indudes three approaches. Firsl, we are
using population genetics to exanune psvllid m ovement between non-crop and arop hosts. These
methods look for similanity in geneti c compos tion of popul ati onsin different hobitats [f popul ati ons
are lughly smilar genetically across host spea es, we infer that there 15 psyllid movement between hosts,
Second, we are examining lmdscape-scale patterns in distnbution of host plants, psyllid hot spots, and
potato fields, looking for spatial pattems in non-crop spea es that might expl ain spatial patterns in what
fields are being infested Are fid dsthat are rapedly col oni2ed also those that are near large dands of
matnim ony vine? Lastly, we have developed a molecul ar approach to detect and identify plant DNA in
potato psyllids. By collecting psvllids as they amive in potat oes, and then assaving them, we are able to
determine what speaes of plants the psyvlli ds had been feeding on before arnving in potato. A
consistently strong signal of matrim ony vine in these amivals would be good evidence for m ovement
from m anmony vine into potato fidds.
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Fhotographs

Web-links to phot ographs used in this article are provided here. Unless other stated, permission for use
of photographsi s authori zed under Creative Comm ons license or Fair Use provision of U8, Copyn ght
law. Photographsin Figures11 and 12 were tak en by co-muthors of this manusmipt.

F‘lgwe 2. Clockwise from top left. (1) Lycium fremaontii; photograph by Mike
ki ik Filelveium fremontii_azipgh (2) Lycium chinense/ L. barbarum;
Illl:tﬂgmﬂl of ﬂ.lﬂl Ors, fﬂ Liﬂm r.&mrmr fl owWer; ]?Ill;tl:l'gl'ﬂlil 'I:l:r Fﬂl‘lﬂﬂ
I h r?i

plmtugraphh}.'h'lax hcha it s ' ersity, org/ ' ihimgde als
(5) berni es of Lycivm andersomii; T.I'I h}' Thlll‘lﬁ \"m DE\ ender
(httpe) swbiodiversity.org' seinet taxaindex phpftaxon=3873).

Figure 3 Lycium andersonii. Clodkwise from top left. (1) Potato psyllids on £yeium andersonii;
plmtq:rgraph h)' -*Jme Abela, us:dmlh pumlmm ﬁfﬂ Abda

f . (). (2) January flush; photograph by
Ku:h{mm E!:ﬂgmhukdﬂ ﬁhgl_l'lmg Eﬂegﬂuﬂmg:—m}rml?lhz'!ﬂ]ﬂ i3)
Summer defoli ation; photograph by Jean Powek

(httpe) cal photos berkd ev.edu’ cgu'img_ quer y? enl arge= 00000000408 1 34+ 1498 ). (4) Flowers;

ﬁdugmﬁh} Elweh'lds:n

2399, (5) October flush;

Flgl:rei]"-'linmmywne (1) Top left: photograph by Merel R. Black (UW -System WisFlora. 2016,
hitp: md]u:rahﬂ'banummmedﬂm dlh-'lm detail sphp?imgi d=17491). (2) Bottom left: photograph
h}'Dmn}rE ‘wikiFile:Lyvaum_barbarum-46. PG ). All other
photographs taken b].r co-authors.

Figure 8 Manmony vine adjacent to shandoned homestead Photograph by Memi Parks; downloaded
froim l:h'eg,m State Univ Erﬂl}' Speaal Collections & Archives Research Center
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Figure 9 Croj berry and nunr.urg.r for Chinese lmrmgrmls icﬂugrq:hsb},- Jmis Gnad, used with
permiss on of J. Goad - i ! .

Iustrations

Flgure 7. Mm nhumng dm‘mum uf: yoium barbarum was created by Steven K., Sullivan (hitpe! 1.
A . im_barbarum ) and modified by co-muthors of this paper to

show railroads and regions of the I"lnrth Am erican guld rushes. The records for L. barbarum usedin

creating the distnbution map were obtained from a number of herbana (summ an zed at

hitp: ! wildflowersearch.com ‘general_credits).
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