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comes a double layer t hat cre ates bot h t he sur face struc- 
ture of the breast and dorsa l ly Scarp a’s forms a circum- 
m amm ary ligament th at 1) stabilizes the breast against
t he t horacic wa l l and 2) is con tin uous w ith Sc arpa’s fas- 
cia on the rest of the vent ra l b o dy wa l l. The s us pen- 
sory ligaments of the breast (named Co op er’s ligaments
in surg ica l literatur e) r epr esent the t ypic a l, a lbeit thick- 
ene d, septat ion s betw e en fat lobu les found consistently
thro ugho ut the human b o dy, and do not attach to the
skin. Inst ead , th ese ligam en ts a ttac h t o Sc arpa’s fasci a.
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Dev el opm ent of t h e wettabil ity t es t o n live b utterfli e s
an d m ot hs
Probos cis es o f bu tterflies an d m o ths (Lepido p tera) have
unique materia l propert ies which a l low them to acquire
s tick y and vi scou s liquid s while rem a ining clea n. Ex- 
periments of removed butterfly probos cis es re veled hy- 
dr ophobic/hydr ophilic dic hot omy where ∼ 80% of the
pro boscis s urface is hydropho b ic and o nly t he dist al
20% is hydrophilic. We report on the development of
a n ew experim ental setup an d protocol a l lowing one to
st udy the wet t ing propert ies and drin king me ch ani sms
of live butterflies and moth s. Usin g tw o cameras, a lin- 
e ar st age, and a tube securing and guiding proboscis,
one can evaluate the profiles of meni scu s at the dor sal ,
vent ra l, left and right sides of the proboscis. With the
dev eloped La bVIE W p rogram, o ne can get th e advan c- 
ing and re ce ding contac t ang les and some other char- 
act er s specific for a pa rticula r specie. This poster wi ll
i l lust rate the w orkin g principles of this setup providing
a systematic analysis of the w ettin g features of Manduca
s exta probos cis es a nd compa r ing t hem wit h t he w ettin g
features of Vanessa cad ui p robos cis es which are much
s h orter an d thinn er.
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Wh ere, wh en, an d wh o to c o urt: ec o l ogi cal i ntera c- 
tions an d fa cial d iversi fic atio n of fo ur spec i e s of syn- 
t o pic para d ise ju mpi ng spi d ers
D uring courtship, anima ls face the cha l len g e o f co m- 
m unica ting their iden ti ty o r st atus to t he ap pro pri- 
a te a udience, e.g., viable, re cept ive mates. The costs of
being misident ifie d can often be high, ran gin g from
wasted en ergy an d r epr oductive r esour ces to loss of
life, as seen in preco p ul atory sexu al c annibalism in spi- 
ders. So what traits do anim al s rely on to communi- 
cate their species identity? In paradise jumping spiders

(gen us Habr onattus ), males fla un t color f u l and dist inc- 
t ive spe cies-spe cific facia l p atter ns. We hypot hesized
th at m ale Hab ro nattus faces may co ntribu t e t o commu- 
nicat ing spe cies ident ity, an d th ese faces m ay h ave di- 
versified in response to r einfor cem ent se le ct ion. In this
study, we c haract er ized t he sp at iotempora l niche p art i- 
tioning and male facial patterns of 4 syntopic Hab ro nat- 
tus species. We predicted that species with less niche
p art it ioning (i .e ., high er like lih o o d of int er specific in- 
teraction s) w ould exhib i t greater div er g ence in male fa- 
cia l p att erns. Fir st, we evaluat ed nic he parti tio ning by
qu antify in g ha b i t at us a ge, s p at iotempora l dist ribut ion
an d over lap, an d interactio ns o f sp iders at the Edge of
App a l achi a Natur e Pr eserve, Ohio. Next, we quant ifie d
spider facial patterns using hyp ersp e ct ra l imag ing te ch- 
niques and re cog nit ion-b ase d computer vision analy- 
ses. Lastly, we examin ed th e re lations hip betwe en sp a- 
t iotempora l niche p art it ioning and facia l p attern diver- 
gence in a pairwise app roach amo ngst all four species.
We di scu s s the res ul ts in the co ntext o f li kely e colog ica l
an d be havio ral rep rod ucti ve iso lation in this syntopic
co mmuni ty.
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G roovy a nd gna rly: Surfac e wrink l e s as a multi- 
fu n ction al m oti f f or terr e stri al and marine environ- 
ments
From lar g e undu lat ions on th e s kin of e lephant t run ks
to nanosca le g roo ves on flo wer pet als, wr inkled struc- 
tur es ar e o mni p resen t, m u lt ifunct iona l, a nd f ound at
hugel y di vers e s cales. D epending on t he p art icu lars of
the biolog ica l system—its environment, morp ho logy,
an d m e chanica l c haract er istics—wr inkles may control
ad hesion, frict ion, wett ing, or drag; promote interfacial
ex chan g e; act as flow chann e ls; or contribute to stretch- 
ing , mechanic al integrit y, or st ructura l color. Undu la- 
tio ns o n natural surfaces are p r imar ily inst ab ili ties aris- 
ing fr om str ess-induced buckling of surface layers dur- 
ing growth or ageing. Variation in t he mater ial proper- 
ties of surface layers and in the magnitude and or ient a- 
tio n o f intrinsic s tres ses dur ing growt h le ad to a variety
of wrinkling m orph ologies an d patt erns whic h, in turn,
reflect the wide ran g e o f b iophysica l cha l len g es wrin- 
kled surfaces can so l ve. Ther efor e, invest igat ing how
sur face wr inkles va ry a nd a re im plemen ted across bio- 
log ica l systems is key to un derstan ding th eir structure-
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fun ction re lations hips. In this work, we synthesize the
literature in a met adat a an alysi s of sur face wr inkling
in var ious ter restr ial a nd ma rine orga nisms to re vie w
im portan t m orph olog ica l p a ra met er s and c lassify func- 
t iona l aspe cts of surface wrinkles in relation to the
size and ecology of or ganism s. Buildin g on our previ- 
ous and current experimental studies, we explore case
studies on nano/micro-sc ale w rinkles in b io films, plant
surfaces, and basking shark filter structures to com- 
pare deve lopm ental an d structure-vs-fun ct ion aspe cts
of w rinkles w it h vast ly different size scales and en- 
vironm ental deman ds. In doing this and by contrast- 
in g wrinkle dev e lopm ent in soft an d hard biolog ica l
system s, w e lay out st ructura l ru les fo r b iolog ica l t is- 
sues, as well as for funct iona lize d wrin kle d biomimet ic
surfaces.
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Compari ng t h e vis ual s pectr al sens i tivi ty of na ti ve sur- 
fac e Mexic an Tetr a ( A styan ax m exica n us ) with re- 
cen tl y di verged ca ve popula tions
The Mexican Tetra, A s tyan ax m exic anus , is a fish with
two m orph otypes: a surface f orm, a nd a cave form that
deve lops troglom orphic features in cluding re duce d pig- 
men ta t ion, vest ig ia l eyes, an d in creased olfactory an d
latera l line sensit ivi ty. W hi le their nat iv e ran g e extends
from cent ra l/sout her n Mexico to the lower Rio Grande
and Nueces River, s e vera l satel lite surface po p u lat ions
wer e intr oduced to a Texas aquifer a pproxima tely 100
y ears ag o and hav e s h ow n ev idence o f rap id evol u tio n
in certain ph en otyp ic trai ts. A recen t study by McGa ugh
et al. (2020) compar ing t h e m orph olog ica l and behav- 
ioral data between surface and cave A. m exic anus in
th e Hon ey Cree k Cave system in dicated n otable differ- 
ences hav e dev eloped ov er a relativ ely short amount of
tim e. On e native an d five sate llite po p u lat ion s (tw o sur- 
face and three cave) were t est e d and comp are d for dark- 
ad apted v isu al spectral sensitiv it y using electr or etinog- 
raphy (ERG). No differences were found between the
native and sat ellit e surface po p ulation s. How ev er, sig- 
nifica nt differences in v isu a l sensit iv it y were found at
th e wave lengths 530 an d 560 nm (p < 0.05) between the
Hon ey Cree k Cave an d surface po p u lat ions. We hypoth- 
esize t hat t he dat a indica tes ra pid div er g ence betw een
th e Hon ey Cree k C ave p o p u lat ion an d th e surface pop- 
u lat ions, where the cave po p u lat ion is less sen sitiv e to
ligh t. This indica tes tha t the recen tl y di v er g ed cav e pop- 
u lat ions are undergoing ret ina l re organizat ion that may
eventua l ly lead to vest ig ia l eyes.
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Migratory l oc usts regul ate t h ei r ratio o f car bohydrate
to lip id c o nsumptio n fo r e ne rgeti cally effic i ent gain of
migratory fuel
Herb ivo rous insects regulate their protein to carbohy- 
dra te in take; how ev er, it is unknown whet her t hey regu- 
late their li p id in take rela tive t o prot ein or carbohydrat e
co nsumptio n, a s h a s been s h own in som e o mnivo res.
The oret ica l ly, lipids and carbohydra tes migh t be inter- 
chan g ea ble as an energy source, so li p id inta ke regu la- 
tion might be unnecessary. How ev er, regulatio n o f li p id
in take migh t be im portan t since syn thesis of b o dy li p ids
from in g ested lipid s i s more efficient th a n from ca rbo- 
hydrates, an d som e li p ids are essent ia l. L o cu sts h ave an
im pressive migra tory fligh t ca p abi lity that st r ongly r e- 
lies o n oxidatio n o f li p id sto r es that ar e accum ula ted
in the late-juvenile and early ad ul t s ta ge. While late- 
ins tar locus ts c an sy nthesize li p ids d e-nov o from car- 
bohy drates, w e hypot hesized t hat t hey migh t regula te
li p id intake to more efficiently fu lfil l li p id accum ula tion
ne e ds. To test whether locusts regulate a specific carbo- 
hydrat e t o li p id in take ra tio, we designed artificial diets
vary ing in c arbohydrat e t o li p id energy ratios, all with
con stant ener gy and protein con ten t, usin g 5 

th in star
migra tory locust nym phs, Locus t a mi grat o ria . Nymphs
sele cte d a very narrow ratio of ∼2:1 carbohydrate: li p id.
To test wh eth er gaining li p id sto r es fr om carbohydrate
is less efficient, we comp are d nympha l deve lopm ent on
ca rbohydrate- a nd li p id-b iased co nfined diets. Devel- 
opm ent tim e , survival , m a ss ga in, a nd li p id growth did
not differ between diet trea tmen ts. How ev er, nymph s
that were reared on carbohydrate-based diet consumed
m ore en ergy an d exhi b i ted high er m etabo lic rates; p lau- 
sib l y due to the extra energy costs associated with con- 
v ertin g carbohy drat es t o li p ids. O ur resu lts sug gest t hat
li p id co nsumptio n is an impo rtant, p revious ly ign ored
"third rail” of the ge omet ric fra mework f o r herb ivo re
nu tri tio n. This work was su ppo rted by NSF # 1,942,054.
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Introdu cti on to the “Open so urc e so lutio ns in experi- 
mental d e s ign” sympos i u m
In this symposium, we introduce the ut i lity and accessi- 
b ili ty o f open t ec hnology approac h es for th e S I CB co m- 
munity. O pen te chnology, te chnology for which plans
are pub licl y availab le and is free for people to r epr o- 
duce, modify and re dist ribut e , presents a significant po-
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