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Gattt't.l is a grttcluatt stLt(ltnt cmd Sttulent Rcscarc/i A-ssistairt

al Southen.stcr-n OltlahontcL -St,lid Lh i1'ci'sifl, anrl ll/c-s \\'arftins
Agricttltto'al Rc-searrh anrl E.xtcnsion CenLrr, Latrc, OK
74555.

lltutthtcd.sc.rrd is the sphinx mot11, and its cater-

pillars are commonLy knor.i.n as tobacco or tolna[o
hornu-orrns. ln the u.ild, t1-re caterpillars eat lea\.es of
the piant species in the nightshade iamrl,v
Solanaceae on r,r.hich t1-re eggs u-ere lald. Cate rpillars
raised on tomato lear,es u.ill re.lect limsonu'eed
Lear-es, and caterpillars raised on jimsonu.eecl leaves
rvill relect tomato leaves (Rice, personal observa-
tion). In the laborator,v, hornrvorms u'il1 accept
some host planLs outside of the nightsl-Lade famil1,
(DeBoer, 1993). Hornr,r.orms are therelbre good
assay organlsms lbr leaf toxins other than ti-rose

produced by plants rn the Solanaceae (Schn'arlz &
Sn1,der, 1985, Wrr-rbel & Berna,vs, 1990).

Hornu,orms can also be rarsed on an artificial
medium ("chou"'), consisting of corn meal, soy'

l1our, dr1, milk, ,veast, and other additir,es and
presen,atirres, r,r,hich can be obtainecl in dried forn'r
($20 per bag) from biological sr-qrp1,.l houses such as

Carolina Biological Suppl,v Companl, (Burhngton.
NC 27215). Hornu,orm caterpillars are readily ar,ail-

able lrom biological supply, houses. Carollna

."'Hornworm
As s ay : ffifr,::,T:l::ff:r:ltr.Based

SrnruLEY A. RrcE JrruurFER R. GRurtu

ioassal,s use the response of organisms as a

lneasure of toricitl,, for exan.rple in ecological str-rd-

ies ol leal toxicit)- ancl screening plant sources tbr
possible medtcines. Bioassal.s olten use "naive" ani-
mals that have not had a chance to evolr,e responses
to the suspected torins.

The brine shrlmp assa1, (Opler et al., 2002; Rice

& Maness, 200'l) has nulnerous applications in bio-
logical laboratorl, investigations. Tl're responsc vari-
able is the percentage of shrimp that sun.ne rvhen
erposed to a certain concentration ol the suspected
toxin or extract containing rt. This article descrlbes
another assa1,, in u,hich the response Variable is [he
uciglrt g,arn ,,l-the orgrnisrn.
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Biological Supply Companl.charges $107 Ior 50 lan,ae,
lr.hrch includes the prepared chou, and the stoppered
r.ials for rarsing the 1an.ae. The same kind ol vials fre-
quently used for rearing Drosophila malr Is used lor rais-
lng hornr,r,orms. Although the caterpillars are common-
1). encountered in gardens, it is best to obtaln a large
number of approximatell, even-aged caterpillars.

Hornr,r.orms obtained fron'r a bioioglcal supplier
rvill have become accustomed to eating hornu.orm
chou.. Therefore the ieaves or other suspected toxins
sl-iould be rncorporated into tl-Le chou,,. lf the leaf rnate-
rial is not a large component of the chor.r,, the caterpil-
lars r,i,ill continue to eat the chow.

The caterpillars can be indir,idual11, $.s1gh.6. ,h.
reiative degree ol toxicity can be expressed b1, the
degree to \\,'hich gro\\,rh is inhibited relarive to control
caterpillars receiving pure chor,l .

The graphlng and statistical analysis of hornu.orm
grorvth curves can allo\v an integratlon of mathematrcs
into the biology laboratory, consistent r.irlth rhe recom-
menda[ions ol the National Council on Education and
the Drsciplines (Steen, 2001).

Procedure
The lol1oli,ing example uses leaves ol post oak

(Quercus stelluta) obtalned from a cross-timbers foresr
area near Durant. Oklahoma. Each hornu,orm con-
sumed chor,r, that contalned Leaf material obtained from
one of three trees, on one ol 13 szrmple dates. The
hypothesis being tested \\,as that lear.es obtained fronr
the trees ear1y, in tl-Le season (Apr]l-June) \\.ere more
toric than lear.es obtained from the trees later in the
season (Jul1-OcLober) (Rice et al., unpublished). This
procedure can be applied to an\. other hypothesis
invoh,ing comparisons of toxicitl,.

Preparation of Leaf Material
Because 1ear,'es u-ere gathered at dllfurent times dur-

ing the season, rvhile the bioassal, was performed at one
time, the leaves had to be stored. Chemlcal cornposirron
ol dried or stored leaves ma) change o\rer: time. In this
investigation, u.e ground the leaf samples in liquld N,
n ith a mortar and pestle that had not been contxlninat-
ed b,v any other use, then stored the leaf material at
-70 " C until use. The use of ground lresh iear,e s im,olr.es
the least diliiculty.

Preparation of Hornworm Treatments

Obtain hornu.orms lrom a blological sr-rppl1. compan)r.
The,v rvill generall;, be about I cm in length upon
arrir.al. Stir the ground leaf material into the prepared

chou,. Strr thoroughl,v so that hornrvorms u.rll not
encounter and avoid clun-rps olr-indeslrable leal ma[eri-
al. We incorporated I% leal r,r.eight per chor,r. r,r,eight in
some r.ials (lou. concentration) and 3olo (high concen-
tratlon) rn others. Because hornu.orrns are not extreme-
Iy sensitir.e to plant compounds (\Vrubel & Bernavs,
1990), r,r,e lound clearest results nith the higher con,
centration.

Place one rl.orm in each i'ia1 ancl close it ri.rth a stop-
per. Keep the r.rals under unilorm room temperature
conditions: \Ve recornme nd a clal-night c1-c1e ol i11r-rm]-

nation. \bur sarr-rp1e size ri-ill cLepencl upon Lhe hl,poth-
esis you are tesLing. \\'e began ri-rrh 1-16. ri'hich included
treatment and control urdnrcluals \bu shor-ild expect
some mortalitl.: B; Dar- j ol the expenment. 23o,/o of our
hornu'orms had died

Measurements of \Vorm Response

In a brine s1'rrirnp assa\-. percent sun,ival is the
response r.ariable. A hornn-orr. assal-u-rl1 probabll,not
contarn enough rncln'idr-ra1s to permlt valid calculations
of percent sun-ir-al. h-Lste acl. ri-e used u'eights ol individ-
ual r,r,orms as the re spon,ce variable.

The u,orms s1Lou1c1 be u'erg1-re c1 ri,hen first exposed to
the treatments. ar-Lcl er-cLr teu- dar,s therealter. Belore
rvelghing the rr-orn'l. nnse a\\-ii\' \\-astes and chor,r, that
may cllng to its boclr-u'rtl'r cle-ionized n.ater; also remove
solid u,astes from the r ial. Gentlr- clr1, the r,vorm u.ith a

paper tou-e1 be lore ri'cighing. \\ e began our treatments
r,vhen the \\-orms rrr-eraged bets-een one-half and one
gram (Da1-1), thenri'erghecl them on Days 5,7, 13, and
15. The1. grerv rapiclh sL)mr \\-L)rns rnereasing their
r,r,eigl-rt lorti--fold clunng that rnne . \\reighlngs can be dis-
continued u-hen eacl'i rl'orm reaches a maxrmum u,eight.

Obsen'ation of Results
\\,re notrced that control hornu-orms had a brighL

blue-green co1or. and prociuced hg1-rt-colored solid
\\ras[es. The u-orms that ate cl-Lou, into u]rich oak leal
n-raterial u-as incorporated had a 1,,e11ou,ish appearance
ancl produced darl<er \\rastes. It uras apparent that the
oak leal toxins \\rere har,ing a phl.siological ellect upon
the hornu-orms.

A simple scatterplot of lr,orm lr,eight as a lunctron ol
time can be used to analyze grourth. Figure I present-.
data for \vorm grou.th r,r.hen led learres from ear1r, in tlLe

season vs. late in the season (results shor,r,n onlr, lor Lh.'

high concenfatlon). Clearly, the u,orms erposecl tr
early-season lear,,es greu, more s1ou,i1. than the \\L-rr1r-.:

exposed to lale-season lear,es. This agree-. srth :-r.
results of a brine shrirlip assa1. (Rrce et a1 . unpr-r1-.1is::: -.

ihat rvas perlormed on the same leave s.

488 THE AMERICAN BIOLOGY TEA(HER, VOLUME 66, NO. 7, SEPIEMBER 2OO4



7500

=F
-
L'

; 5000

=
=d
o

= 25oo

Figure 1.

thanges in hornworm weight (mg) from first day ofexposure to post oak leaf material (Day 1)

until they attained maximum weight (about Day 1 5). Cubic equations are fit through data.

Late-season leaf material, incorporated into worm chow, inhibited worm growth less than

early-season leaf material.

O 
- Early season

o --- Lateseason

51015
WORM TREATMENT DATE

Table 1.

Maximum weights (Day 13) of hornworms from cubic equations (mg)'

Mean

Upper 95% confidence limit

Lower 95% confidence limit

Analysis of Results

For ciasses u,lth limited mathematlcal experienec. e

sulple cornparlson of means can be performed. The

".'.rrlr-rs exposed to late-season leartes gre\\' to an average

'.:rsht ol 5.68 grams, the control \\rorms grew to an

,, ..-,g.' ol 7.39 grams. Tl'rcrclorc it appears that the oak

-,, .. ...nt.ined some toxins that I-Lhrbited the grolvth
' -t: ;'L,.tnu'orms. To test the statistrcal reliabillty ol

. - -' t.lr-tstrtn. a t-test indicated that these t\vo means

- . - ---trer-Lt at p - 0 045. This means tl-rat there rvas

. - i j: probabrlitv that these diflerences occurred

by chance. Sciennsr;s
: 0.05) as a cutolf t-cr':'
ity or "significance.

However, rvhen r'

pared the worms erT
early-season leaves s
worms exposed L- -.,-: :-, :

lear cs. tlre t-test t. '. I -

signiii.ant rf - a.- i
\\orlns uill rlrr,rrr tr.'

range ol initial ueiqlrt-' .

ol Jillcrencc> in litrt. ' r .. .

ing. A t-test does not lake clti:..-
ences in initial li.'orm r'r'erght ul .,-

account. Therelore a lou'er-ler-:

blology class should use thc
hornr,r,orm bioassal' on11' loi-

investigations that shorv big dil-
ferences, e.g. bettveen control
\\.orms and r'r.orms exposed to
leal material. A line scaLe of com-

parison, e.g. betr,r'een earlY-sea-

son and late-season leaves,

requires more soPhrsticated
analysi.s.

For ciasses r,r.'ith more tnath-

ematlcal exPerience, furthe r
analysis is instructive. A statisti-
ca1 package (in thrs case, JNIP
(SAS Instltute lnc., 1995) can fit
cur\.es through the data and

pror,ide lormulas. We used

cubic equations that contained
x, x', and x' as independent vari-

ables. We also included lnitial
u orm u cight as I c()\ JriJlt.
lr,hich is necessarl' because the

\vorms lvlll dllfer from one

another ln lr,elght lr,hen ther-

arrlve. and the dilferences mar

be magnif led as the rvornl.
gro\v.

Other comPuier Packr.rl.--
such as Mathematica 11-rttr'

IlU,v.n-14hsS1,1IS9.cQq) can calculale the lirst ancl " -'

oncl derivatives o[ the cubic formulas. \Vhen thc '- '
derivatir.e equals zero, the slope is zero, u-hicit l:-'

occur at t\r.o places on the gro\\'th curve: filst. -' '

sient dlp near the beginning (u'hlch i.s an rul- ' -

curve-frtting and can be ignored), and seconc] .i' -: '

\\rorms reach their rnaxrmum li'eight. \\rhen i:-L: " -

clerivattve equals zero, the slope has reach." '
mr-rm. r,vhich indicates the date on r'r'htch lhe .' : '
experiencing their maximum gror'r-th rate T

do not need to actually knou' I-Lot' :-
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Table 2.

Means & analysis of variance of hornworm weights on day

of maximum growth rate (Day 7)from cubic equations.

Leaf date effect from AN0VA'

lnitial weight [dosage] from ANOVA'

'AN0VA = analysis ofvariance
bns = not statistically significant

'lnitialworm weight nested within dosage

derlr.atives; thls activity r.irlll a11olr, them to practice ri'ith
the clrrcepts ol first and second derh,atjve.

The dates of marimum lr,eigl-rl (at u.hichJ' lxl : 0)
u.ere Day 13 for the \vorms that ate leal material from
early in the season, and Day 14 lor the \vorms that ate

leaf material lrorn later in the season. \Ve obtained the
u,eights on Day l3 frorn the cubic equations (Tab1e 1).

\Vonns that ate leaf material reached a lou'er r'veig1-it

than the control worlns (rvhich u.'eighed 8.2 grams).
Worms that ate leaf material liom earlLer in the seasotL

grer,r, less (4.8 grams) than s,ortns that ate Leaf milterl-
al from later rn the season (5.8 grarns) (Table 1). The

non-overlapping confidence lnte n'als demonstrate th2rt

all of these diflerences are statlstjcalll' signilicant. The

means here presented are not the same as the rari
means presented eariier, as u'e obtained these lrom tlie
cubic equations.

The clates ol maxin-rum grou'th rate (/" [r] : 0 r

u,ere Da)' 7 for botl-r sets of experimental r.r''orn-Ls

\\orms tl'rat ate leal material from earlier in the season

u-eigl-Lec1 less (2.6 grams) [han u'orms that erte leal

material frotn laLer in the season (3.3 grams) (Table 2).

An ana11'sis ol variance indicated that the dillerence
betu'een early' and late lear.es rvas sigmficant, thal the

ciosage level q39o r.s. 1016 of chor.r'n'eight) had no sig-

nillcant eIlect. and that the lnitial u'orm rveight (Da1' I )

signrlicantlr. alfected \\rorlrl u.eights on Day 7 (Table 2).

Thrs :rnalt'sis olvariance uses T1'pe lll sums of sqr:ares.

in r,r,hicl-r tl-re signilicance of each lactor is evaluatecl

crJter the other Ihctors har,e been included in the rnodel.

Tl-us means that t1"re \vorms that ate lear,es lrom ear11'rn

the season greu, less than the worlns [hat ate ]eaves

from later in the season, et-en \r'hen adjttstment has
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already been made lor the imtial r,vorm lvelghts in the
anaiysis.

Because of repeated obserr,aLions (each sun-tr-ng
u,orm is r.i eighed on each date), proper statistical anal,y-

sis requires tl-rat the initiai u'orm u,eight be nested u'ith-
in the dosage elfect rn the anal1,sis ol r,ariance (SAS

Institute lnc., 1995).

Advantages & Disadvantages
Because ol the great variabilit,v in u,orm u,eights.

and the amount of care needed to maintain them, the
hornr,r,orm assal is less uselul rn ecological and toxico-
Iogical research than is t1're brine shrimp assal. Like the
brine shnrnp assa), the hornu,orm assa)r a1lou's sttt-
dents to learn about experitnental design and hypothe-
sis testlng.

Hor'r,ever, the hornu.orm assa\r has a nurnber of edu-
cational advantages ln the student laboratorl'.

. It ailorvs students to haye direct contact r'tith the
caterpillars. Young children can raise caterprllars

Jtlst to obsen'e them, but older students (hlgh
school and college) need to have a beller reason

than this to raise caterpillars. Thi.s pro1ect gn-cs

them a hl.pothesis to test u'hlle raising caterpil-
1ar s.

. lt requires the students to r,r.ork rn groups and
t;rke responsibility to care lor the caterprLlars.

' T1-re ph1'siological eflects ol leaf toxins can be
directly observed in the color of [he lrrorm
hemoll,mpfi and rvastes, as rve1l as in the ana1y5i5

Erica Corbett \\rith statistical ana11,515. This rvork lvas
partialll, supported b1' the Organize d Research

Committee of Southeastern Oklahoma State Universitl,.
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