
Bucknell University Bucknell University 

Bucknell Digital Commons Bucknell Digital Commons 

Faculty Journal Articles Faculty Scholarship 

6-1-2023 

Fluidity and Inconstancy: Australian Bush Tomatoes as an Fluidity and Inconstancy: Australian Bush Tomatoes as an 

Exemplar of Non-Normative Sex Expression Exemplar of Non-Normative Sex Expression 

Christopher T. Martine 
Bucknell University, ctm015@bucknell.edu 

Follow this and additional works at: https://digitalcommons.bucknell.edu/fac_journ 

 Part of the Botany Commons, Evolution Commons, Integrative Biology Commons, Lesbian, Gay, 

Bisexual, and Transgender Studies Commons, Other Feminist, Gender, and Sexuality Studies Commons, 

Plant Biology Commons, and the Plant Breeding and Genetics Commons 

Recommended Citation Recommended Citation 
Martine, C.T. 2023. Fluidity and inconstancy: Australian bush tomatoes as an exemplar of non-normative 
sex expression. Integrative and Comparative Biology. https://doi.org/10.1093/icb/icad051 

This Article is brought to you for free and open access by the Faculty Scholarship at Bucknell Digital Commons. It 
has been accepted for inclusion in Faculty Journal Articles by an authorized administrator of Bucknell Digital 
Commons. For more information, please contact dcadmin@bucknell.edu. 

https://digitalcommons.bucknell.edu/
https://digitalcommons.bucknell.edu/fac_journ
https://digitalcommons.bucknell.edu/faculty-scholarship
https://digitalcommons.bucknell.edu/fac_journ?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/104?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/18?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1302?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/560?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/560?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/562?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/106?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/108?utm_source=digitalcommons.bucknell.edu%2Ffac_journ%2F2015&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:dcadmin@bucknell.edu


In tegra tive and Comp arativ e Bi ol ogy 

In tegra tive and Comp arativ e Bi ol ogy , volum e 0, pp. 1–5 
ht t ps://do i.o rg/10.1093/icb/icad051 So ci ety f o r Int e grat ive and Comp arativ e Bi ol ogy 

SYMPOSIUM 

Fluidity and Inconstancy: Australian Bush Tomatoes as an 

Exemplar of Non-Normative Sex Expression 

Christopher T. Martine 

1 

Dep art ment of Biology, Buckn e ll University, Lewisburg, PA 17837, USA 

From the symposium “Sex Diversity and Variation” presented at the annual meeting of the Society for In tegra tive and 

Com para tiv e B iology, Ja nua ry, 2023 at Austin, Texas. 

1 E-mai l: ct m015@buckn e l l.e du 

This h as m e puzzled, al so. It i s o b vious ly one of the andro mo noe- 
ci ous sp eci es, but l a cks th e m ale ra c em es ab ov e t he fert il e flow er. I 
h ave n ot seen its lik e bef o re, b ut I t hin k it some v ari an t or a berran t. 
- David Symon, August 1976, note on Peter Latz col le ct ion 5482 

The a bov e annotatio n o n a 1974 col le ct io n o f an un- 
u sual Au st ra lian bush t omat o ( Solanum ) made by Peter 
Latz says a lot more than it may at first seem. This not e , 
on a herbarium s h eet in the Nort her n Ter r itory Herbar- 
ium in Palmer st on ( Fig. 1 ), r epr esents a tellingly frank 

admissio n o f puzzlement fro m t he late D av id Sy mon—
not on ly Aust ra lia’s forem ost nights hade (pla nt fa mily 

Solanaceae to which Sol anum be longs) expert in history 

but the eventual au tho r o f the co n tinen t’s only mono- 
graph of the genus Solanum ( Symon 1981 ), a b o ok that, 
amo ng i ts many pages, incl udes dozens o f species de- 
scri bed an d nam ed by Symon himself. That Symon, who 

s pent decades s tudying floral va riation a mong species 
in this gro up, wo uld b e stump ed by what he saw on this 
p art icu lar spe cim en is an in dicatio n o f so mething qui te 
unexpe cte d. It was certainly enough for that specimen 

to be file d a wa y in a cabinet wit h t he ot her “indeter- 
mine d” col le ct io ns, where i t would remain for the next 
40 + years. 

Wh at wa s it th at Symon expe cte d to se e? What wou ld 

have a l lowe d him to feel co nfident abou t the sexual 
identi ty o f this p art icu lar presse d bit of v eg etation? At 
t hat time, t her e wer e under st o o d to b e three p ossible 
o p tio ns fo r sexual system exp ressio n amo ng the bush 

t omat o species of the Aust ra lian Monsoon Tropics (a 

clade of taxa with close affinity to the cu lt ivate d egg- 
plant): 

(1) Cosexu alit y (here used in place of what many pre- 
vious au tho rs have ca l le d “hermaphrodit ism”), in 

which a l l flowers on a l l pla nts bea r both “male”
(sta minate) a nd “f emale” (ca rpellate) r epr oductive 
or gan s; and in which both pollen and f r uit/seed 

p rod uctio n are possible in every flower. 
(2) An drom on oecy, in which every indiv idu al pl ant 

bear s flower c lust er s con sistin g o f a (typ ica l ly) 
sin gle cosexual flow er plu s numerou s uni sexua l ly 

“male” flowers; where every flower p rod uces func- 
t iona l pol len bu t o n ly the cosexua l flowers can set 
f r uit/se e ds. Symon li kely as s umed t hat t he exasper- 
at ing spe cimen a bov e wa s “obviou s ly” an drom o- 
no ecious b ecause of the position of the flowers, the 
lengt h of t heir st a l ks, an d th e sp aces a lon g the stem s 
where “male” flowers ought to be. 

(3) Andro dio e cy (which wou ld lat er prove t o be a mis- 
n om er given th e discovery of fun ct iona l dioe cy in 

S olanum descr ib ed b elow), in which some plants 
bear only solitary cosexual flowers (with potent ia l 
for f r uit/se e d product ion) and other plants bear 
o nly cl usters o f unisexua l ly “ma le” flowers. 

The Latz col le ct ion’s app arent unwi l ling ness to be 
placed ne at ly into one of these discrete bins was enough 

fo r i t t o be dec la red “aberra nt” b y S ymo n, bu t the seem- 
ingly fluid nature of this col le ct ion wou ld turn out to be 
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Fig. 1 Annotation label with comments from David Symon, attached to Peter Latz collection 5482 held at the Northern Territory 
Herbarium (Palmerston). Photo by C.T. Mar tine . 

less of an aberration than a harbin g er of scientific find- 
ings to come. 

Only a f ew yea rs a fter Symon’s annotation, Greg An- 
derson would discover that an oth er r epr oducti vel y odd 

Solanu m species (fr om Cent ra l America) would turn 

out to be much more than met the eye: The morpho- 
log ica l ly cosexua l flowers borne by some plants did 

have both stamens (“ma le” p arts) and pist i ls (“fema le”
parts), but t he st amen s w ere found to p rod uce no n- 
funct iona l pol len ( Anderso n 1979 ). W her eas r egular 
Solanum pollen h a s pores in the pol len wa l l to a l low 

t he ger minatio n o f a p ollen tub e an d de livery of sperm 

cel ls fol lowing its g rowt h t hrough a st ig ma and down 

a style, these pollen grains had n on e (th ey were with- 
ou t po res, o r ina pertura te). In ot her words, while t hese 
flowers appear to be cos exual, the y are strictly “female”
in the funct iona l s ens e . Meanwhile , the flower s borne 
by a t hird var iant of this same spe cies (re cog nize d as a 
sep arate spe cies at the t ime!) were a ls o cos exual, th at i s, 
the y als o h ad “m ale” a nd “f ema le” p arts. I n these flo w- 
ers, the “f emale” orga ns were much re duce d, an d n ever 
p rod uced f r uit (even wh en han d pol linate d with pol len 

from separate plants). Their anth ers, h ow ev er, bore the 
t ypic a l thre e-pore d pol len that typifies these plants (and 

p otato es and tomatoes), so these plants were function- 
a l ly “ma le”—and t hus t he f unct iona l sex system is best 
described as dioecy, a system in which unisexual “male”
a nd “f ema le” flowers occur on sep a rate pla nts. Dioecy 

is widespread (see Cannabis , wi l lows, an d h ollies for 
co mmo n examples) but st i l l considere d relat i vel y rare 
amon g flow erin g pl ants ( R enner 2014 ). 

An derson an d Sym on (1989) would la ter a pp l y the 
lessons le ar ned t hrough t he a bov e Cent ra l American 

species to an exten siv e r epr oducti ve bio logy compari- 
son across a set of an drom on oecious an d “an dro dio e- 
cious ” A ust ra lian bush t omat oes, finding t hat t he latter 
were inde e d a ls o best des cr ibed as f unct iona l ly dioe- 
ciou s, ch aracter ized by t he ina pertura te pollen of the 
“female” flo wers. I n t hese t axa, f unct iona l ly fema le flow- 

ers/plants “m a squerade” a s cosexu al ( Fig . 2 )—likely be- 
cause the dependence o n pollen-fo raging bees for pol- 
lination (there is no necta r rewa rd in Solanum ; see 
An derson an d Sym on 1988 ; Ndem-Gal bert et al. 2021 ) 
p recl udes any loss of a pollen r ewar d and the or gan s 
that p rod uce and p resent i t even in the face of as- 
sum ed se lective pres s ures to be ob ligatel y outcrossing 

(s ee Cantle y et al. 2023 ). Every Aust ra lian bush t omat o 

species previously identified as andro dio eciou s h a s now 

be en confirme d as funct iona l ly dioe cious, plus a num- 
b er of sp ecies describ ed since Symon’s monogra ph tha t 
s hare th e sam e m orph ology (e.g., Brennan et al. 2006 ; 
Martine et al. 2016 ; Williams et al. 2022 ). The andromo- 
noe cious g rou p o f taxa, to which Symon’s “aberration”
se eme d to belong, h a s long been inferred to r epr esent a 
t ransit iona l sex system on the path to a (perhaps prob- 
lemat ica l ly tele olog ica l) “fina l dest inat io n” o f functio nal 
dioe cy (se e Mart in e an d An derson 2007 ). 

How ev er, recent phylog enetic w ork by my colleagues 
a nd I ( Ma rt ine et a l. 2019 ; McDonnel l a nd Ma rtine in 

prep) s ugges ts that dioecy is not an end point in Aus- 
t ra lian Sola num . I nst ead , our resul ts po int t o a rever sal 
from dioe cy b ac k t o cosexu alit y (th e an cest ra l state in 

the genus), a n inf erence that runs counter to s ugges tions 
that dioecy in flow erin g plants tends to be an evol u tio n- 
ary dead end (see Vam osi an d Otto 2002 ). Desp i te the 
perceive d un li keli ho o d of this rever sal , evidence from 

fie ld an d g re en hous e obs ervatio ns po ints to a probable 
pat hway: le aky dioecy. 

Coined by Baker and Cox (1984) , leaky dioecy is 
a fo rm o f sex inco nstancy in which t ypic a l ly unisex- 
ua l flowers somet imes develop the or gan s an d fun c- 
tio n o f the o p p osite sex. In dio ecious S olanum , t his oc- 
ca sion a l ly occurs in “male” flowers that, in addi tio n 

to p rod ucing pol len, a lso form a fu l ly funct iona l gy- 
n oecium (th e sum of a l l “fema le” p a rts)—a nd might 
then be ca l le d “lea ky ma les” ( Fig. 3 ). We have now 

se en lea ky ma les, cap able of sett ing f r uit, in at least six 

funct iona l ly dioe cious Aust ra lian bush t omat o species. 
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Fig. 2 Flower and pollen morphology of Solanum ossicruentum , a functionally dioecious bush tomato from Australia. Column (A) functional 
porate pollen (above) produced by “male” flowers/plants; column (B) non-functional inaperturate pollen (above) produced by 
morphologically cosexual flow ers/plants, r endering them functionally “female.” Photo plate published previously in Martine et al. (2016) . 

While the f r uits set on these “male” plants are sma l ler 
than f r ui ts p rod uced o n “f emale” pla nts a nd conta in 

fa r f e wer s e e ds (in one spe cies that t ypic a l ly p rod uces 
∼400 se e ds per f r uit, “male f r ui ts” co ntain ∼10–30), 
thos e s e e ds are often v i able. In credi bly, se e ds g rown 

from leaky male bush t omat o f r ui ts resul t in 100% re- 
crui tment o f “male” individ uals in the next genera- 
tion ( Hayes 2018 )—a ph en om en on first reported for 
t he Car ibbe an dioe cious spe cies Sol anum p olygamum 

by Anderson et al. (2015) —rather than the mo re-o r-less 
50:50 “m ale/fem ale” ratio seen over our ∼20 years of 
field counts and g re en house re cruit men t observa tions. 
Th ese n ew a l l-ma le progeny grow up to be leaky males 
th emse lves, essent ia l ly creat ing a swarm of indiv idu als 
who are now both morp ho log ica l ly and funct iona l ly co- 
sexual . As suc h, a po p u lat io n o f dioecio us b u sh tom a- 
toes might t ransit ion to (or establish v i a se e d dispersa l) 
a po p u lat ion th at i s cosexual—thu s providing u s with a 

putat ive p at hway for t he s ex system re v ersal w e are see- 
ing in our phylogenies. This is aided by the fact that a l l 
“male” Solanum flowers st i l l contain a vest ig ia l gynoe- 
cium nestle d de ep l y bene at h t he st amens, a lmost a lways 
too tiny and undeveloped to be funct iona l—but, as in 

the case of lea ky dioe cy, with a rare c apacit y to develop 

to maturity. 
Symo n’s co nfusio n over the “aberrant” col le ct ion and 

i ts fail ure to be easily placed in an establis h e d sexua l 
system was not born from an anomaly. Inst ead , fluid- 
ity and inconstancy in sex exp ressio n appear to be the 
no rmative co ndi tio ns amo ng Aust ra lia’s bush t omat oes. 
Dioecy is not always really dioecy; som etim es “males”
are cosexua ls. Li ke wis e, s om e an drom on oecio us b ush 

t omat o es have b e en re corde d as s h owin g “w eak an- 
dro mo noecy” (e.g., Bean 2012 ) to describe instances 
when cosexual flowers (typica l ly appe ar in g as a sin gle 
flower at the base of the c lust er) occasiona l ly occur in 
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Fig. 3 Leaky “male” flower on a functionally dioecious Solanum tudununggae plant in cultivation at Bucknell University. Note the fully 
exerted style and green stigma. Photo by C.T. Mar tine . 

di stal “m ale” posi tio n s. The categ ories w e employ to de- 
scri be h ow th ese plants express their sexu alit y, while 
usefu l, are not a lways discre et an d n on-over lapping; 
there is often a gray area in-between—and that is where 
th e m ost ex citin g observation s might be made. 

When my colleagues a nd I ca me across the very same 
po p u lat io n o f “aberra nt” pla nts while w orkin g in the 
field in 2018, w e w ere also confused by what we saw. 
Some plants only bore male flower s, other s only cosex- 
ual flowers, and still others presented as an drom on oe- 
cious. When we later encountered the 1974 specimen 

m ention ed a bov e in its “in determin e d” folder, we rea l- 
ized that not only wa s thi s an un descri b ed sp ecies with 

a previous ly un en countered leve l o f sexual fluidi ty bu t 
t hat t his inconst ant condition provided an excellent ex- 
ample of the variation in sex expression seen across the 

plant kin g do m. To ho no r this variation, we named the 
species So lanum p las t isexum a nd co ncl uded the paper 
describ ing i t ( McDo nn e l l et a l. 2019 ) wit h t he following 

broad (and likely obvious to many biologists) sta temen t 
on both plants and non-plants: 

Th e n otion of a c o ns t ant sexual b in ary c o ns is ti n g of two d isti nct 
an d disc onn e cte d forms is fun dam entally a fallacy . 

Diversity in sexual exp ressio n is certainly the rule 
a mong pla nts, no t the excep tio n. I am o nly a botanist, 
b ut I do no t believe it is a reac h t o s ugges t t hat t his also 

holds true for the rest of life on Earth. Some might see 
the quoted pas sa g e a bov e as a so rt o f “straw m an” th at 
h a s already been thoroughly refut ed , bu t o n e does n ot 
ne e d to look very far to see that a rguments f o r b inary 

sexu alit y as the rule are per sist ent. To w it: the soci al 
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media response to a recent Wall Street Journal op-ed 

by an evol u tio nary b iologist ( Wright 2023 ) ar guin g for 
“binary sex” and criticizing “gender ideologues” man- 
ifested as more than a mi l lio n imp ressio ns an d th ou- 
sands of comments within days of publication. 

St i l l, is ext ra pola ting wha t is happening in a clade 
of Aust ra lian bu sh tom a toes to h umans a p pro priate? 
Can/s h o uld we ap p l y t he lessons le ar ned t hrough t he 
close study of sexual fluidi ty in Solanum to the study 

of other organi sm a l g roups? At minimum, it’s a case 
study in how assumptions r egar ding sexual exp ressio n 

can hin der un derstan ding of the or ganism s/system s w e 
wo rk o n—and, perhaps, t his is anot her in a growing list 
of o p portunities to recognize similar biases in how we 
ap proach o ur wo rk o n a l l or ganism s, human s inc luded . 
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