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Abstract
We  examinect  the effects of  tannin on  a generalist herbivorous insect, the common  cutworm  (spodoptera litura). The

dosage efTect  was  estimated  by measuring  the growth perfbrmance ofthe  cutworm  when  the larvae were  fed artificial

diets containing  different amounts  of  synthesized  tannin, We used  artificial diets to exclude  the effects ofnon-tannin

defense mechanisms  in plant fbliage, Indices of  growth peTfbrrnance, number  of  dead larvae, pupal weight,  total feed-

ing amount  and  length of  larval period were  obtained.  We fbund that tannin inhibited the growth of  the cutworm  lar-

                                                            . These results support  the tradi-
vae  and  that the inhibitory effect was  proportional to the amount  of  tannin ingested

tional theory that plant tannin is a  defense agent  against  generalist herbivores, and  that its effects are proportional to

its concentration  in fbliage,
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INTRODUCTION

  Many  plants contain tannin  (Bate-Smith, 1957,

1962; Harborne, 1976; Swain, 1976; Schoonhoven

et al., 1998). Feeny (1968, 1969, 1970) suggested

that oak  tannin was  important in the protection of

fbliage from caterpillar  damage. After his work,

the general significance  of  tannin ih ecology  re-

ceived  much  attention,  although  some  reviews

challenged  generalization (Rhoades and  Cates,

1976; Scriber and  Ayres, 1988; Bemays et al.,

1989; Clausen et al., 1992; Feeny, 1992). The best

known theory  is that of  constitutive chemical  de-

fense, which  suggests a toxin like tannin difTers

from induced toxins in that its effectiveness agamst

herbivores is less potent, more  gradual, and  more

diMcult to circumvent  through adaptation.  How-

ever, these predictions have not always  held up  to

experirnental study.  Some studies have reported

that tannin has no  effect  on  certain  herbivores

(Bernays et al,, 1980; Klocke and  Chan, 1982;

Manuwota and  Scriber, 1986; Martin et al., 1987;

Smith et al., 1992; McArthur and  Sanson, 1993).

One study  has even  suggested  that tannin  can  be

utilized  by herbivores as  a nutrient  substrate

(Bernays and  WOodhead, 1982).

  Although the constitutive chemical  defense the-

ory  predicts that plant tannin is an  anti-herbivory

defense agent  against  generalist herbivores and  that

the effects  .of tannin are proportional to the leyels

of  tannin present (Rhoades and  Cates, 1976;

Scriber and  Ayres, 1988; Bernays et al., 1989;

Schultz, 1989; Clausen et al., 1992; FeenM 1992),

only  a few studies  have measured  the dosage re-

sponse  ofherbivores  to tannin  (Feeny 1968; Ayres

et al., 1997). Feeny (1968) measured  the dosage ef

fects ofthe  oak  tannin on  the growth of  a generalist
herbivore, the winter  moth  (Lepidoptera: opemph-
tera brumata (L.)), He reported  that the inhibitory

effbct  of  oak  tannin on  the growth of  the winter

moth  was  correlated  with  tannin levels. Ayres et al.

(1997) measured  the dosage effect of  two  kinds of

tannins, Ilopulus tremuloides  Michx  (Salicaceae)
and  Betula resinijZira Britton (Betulaceae), on  the

growth of two herbivores, Ilyrrhalta luteda

(Maller) (Coleoptera) and  C7irysomelafolsa Brown

(Coleoptera). B. resinij2)iu tannin had a significant

dosage effect on  the growth of  C, folsa, but no  sig-

nificant effect on  the growth of  R  luteola; con-

verselM  R  tremuloides  tannin had a significant

dosage effect on  the growth of  R  luteota, but no

significant efTect on  the growth of  C. fotsa,
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  In this study, we  measured  the dosage effect  of

synthetic tannin on  a  generalist herbivorous insect,
the common  cutworm  (S. Iitum), which  is known
to feed on  at least 77 species of  dicotyledonous
plants (Okamoto and  Okada, 1968). [[b measure

the effbct  of  tannin, we  modified  Feeny's method

(1968); that is, we  observed  the inhibitory effect  on

the growth ofthe  cutworm  reared  in the laboratory
on  an  artificial diet with  tannin. IM: used  synthe-

sized  tannin to exclude  the effects ofother  kinds of
tannins  found in plants, and  to exclude  the effects
ofnon-tannin  defense mechanisms.

Mi\I]ERIALS  AND  METHODS

  Insect. The common  cutworm  is a  polyphagous
herbivore and  is widespread  from Asia to Aus-
tralia. The strain  used  in this study  has been main-
tained fbr 25years in the laboratory. Laryae and

adults were  reared  at 28± 1OC and  under  a 16L : 8D

photo regime.  Larvae of  the common  cutworm  are

able  to complete  their growth even  when  they are
fed a strictly artificial diet.

  Chemical. Tannin (C6H2(OH)3COOC6H2(OH)2-
COOH;  859i6) was  purchased from Funakoshi
Chemical Industries, Ltd, (Tbkyo, Japap). Five dif
ferent amounts  of  tannin and  2 ml  of  distilled water

were  mixed  into 10g of  fbod (Insecta LF; Nihon
Nosankougyou Co., Ltd,, Japan), The rnixture was

stored  in a plastic cup  at 40C  until use to prevent
desiccation and  decay,

Table 1,

  Assessment of  the efftcts  of  tannin on  the

growth of cutworm  ]arvae. Ib determine the ef
fect of  tannin on  the common  cutworm,  we  con-

ducted a bioassay, We  placed 1O first-stadium lar-
vae  within  12 h after hatching in each  of  72 plastic
boxes (22× 14× 3.7 cm).  The 72 plastic boxes were
assigned  to six treatments (12 replications  per
treatment), Each box was  supplied  with  an  artificial

diet containing  tannin. Every two  days, larval sur-

vival  was  checked  and  fbocl was  replenished,  The
larvae were  reared  at 280C  in the laboratory, Pupal
weight  was  measured  one  day after pupation, The

pupae were  stored at 28± 1OC until eclosion.

  The tota1 amount  eaten  in each  replication  was

also  measured.  Called the tota1 feeding amount

(TFA), this was  calculated  as  fbllows:

     TFA=E{lfNX(Dinitial-DleftoverXk)},

where  N  is the number  of  surviving  insects in each
replication each  day, Di.i,i,i iS the fresh weight  of

the diet just befbre feeding, Di,ft.., is the dry
weight  of  the leftover diet, and  k is the ratio of

fresh weight  to dry weight  ofthe  artificial diet con-
taining tannin. Based on  TFA, we  calculated  the
mean  amount  oftannin  eaten (MATE) as  follows:

Mie"I"E =TEA  ×tannin concentration  of  artificial diet

RESUIJTS  .

  The effects  of  tannin on  the total mortality  of  the
latval stage,  pupal weight,  larval period and  TFA

Effects oftannin  on  the growth perfbrmance ofthe  common  cutworm  (S, litttra)

        Meari amount  of
 Doses
         tamineatena  N
(mgl10g)
         (mgtinsect)

No. survivors

 until  pupaNo..survivors until  adultPupal

 weight  Larval period Total feeding

 (g± SD) (day± SD) amount(g ± SD)

Control

  2

  s
 10

 20

 40

  oO.73

±O,07

 1.78±O.20
3.92± O.13
6,56± O.34
17,20± O.96

120120120120120120118a109
 a106

 a100

 a101

 a47b

I09 a84b73

 b70b69

 b30c

O.35 ab ±o.o6

O.34bc±O.06

o.3s ab ± o.os
O.37b ±O.06
O.32c ±O,05
026c  ±O.07

17.4a±L3

17.5a± 1.4

17.9a± 1.4
18,9b± 1,5
20.0c± O,8
38.1d± 3.9

4.87a  ±O.38
3.6Sb ±O.37

3,56b ±O,39

3.92 bd±O,13
328c  ± O.17
4.30 ad ± O.74

Statistics from ANOXb-L
    F
    d.£

    P

 24.5
  5<O.OOOI

 26,6

  5<O.OOOI
 23,5
  5<O.OOOI

 1249,6
   5<O.OOOI

 19,7

  5<O.OOOI

"

 See text for the calculation oftotal amount  oftannin  eaten.

Means  fo11owed by the same  ]etter are  not  significantly  different (Scheffe's-F test atp<O.05).  Data are given as mean ±SD.
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                    The TFA  in the 40 mg  tannin treatment was  not  sig-

       nificantly less than that in the control treatment,

       Because the larval period in the 40mg  tannin treat-

       ment  was  much  longer than that in the control

       treatment, larvae in the 40 mg  tannin  treatment ate

       more,

       DISCUSSION

         Research on  tannin  has been plagued by method-

       elogical diMculties. Although many  studies mea-

       sured the inhibition effects of  tannin on  the growth
       ofherbivores  when  they were  fed on  plant leaf con-

       taining tannin, results from those studies could  not

       separate  the effects  of  tannin from the efTbcts of

 3o 40 50 non-tannin  defense mechanisms.  Moreover, many

                    studies  have not  used  purified tannin, In some  stud-

  Fig. 1.

the cQmmon  cutworm  (S.
diets contaimng
cles);  5mg

(solid circles);  and  40 mg  (solid triangles)

hazard curve  in control  treatment (artificial diet without  tan-

nin).  The hazard curves  of  the cumulative  survival rates end on

the day when  all larvae were  dead or  reached  the pupal stage,
                 '

were  all significantly  different among  the six treat-

ments  (ANOVA, summarized  in Tbble 1).

  The hazard curves  of  the cumulative  survival

rates  were  significantly  different among  6 treat-

ments  (Logrank-test, x2=35.02,p<O.OOOI; Fig. 1).

The  total numbers  of  mortalities throughout  the

larval stage in the 20 and  40mg  tannin treatments

were  significantly  higher than that in the control
treatment  (SchefTe's-F test at p<O.05; [lable 1).

The totals of  mortalities  throughout the larval stage

in the 2, 5 and  10mg  tannin treatments were  not

significantly  greater than that in the control treat-

ment,

  The pupal weights  in the 20 and  40 mg  tannin

treatments were  significantly  less than those in the

control  treatment (Scheffe's-F test at p<O,05;
Table 1).

  The larval periods in the 10, 20 and  40 mg  tan-

nin  treatments were  significantly  longer than those
in the control  treatment (Schefft2's-F test at

p<O.05; [rlable 1).

  The  TFAs  in the 2, 5, 1O and  20 mg  tannin treat-

ments  were  significantly  less than that in the con-
trol treatment (Scheffe's-F test atp'<O.05,  Table 1),

ies, purified tannin was  used;  however, about  the

effects of  tannin on  herbivore growth diffbred

(FeenM 1968; Ayres et al., 1997).

  In this study,  we  used  synthesized  tannin to min-

imize these methodological  diMculties, We  mea-

sured  the effect  of  tannin on  the growth of  a  gener-
alist hert)ivore, the common  cutworm,  1fannin re-

duced the survival rate, pupal weight  and  TFA  and

extended  the larval period ([fable 1).' It is well

known that the pupal weight  correlates with  fecun-
dity in many  insect species  (Scriber and  Slamsky,
1981), In the common  cutworm,  as well, the pupal
weight  is positively correlated  with  the fecundity

(V=1287X-1416, r=O.79,  p<O,OOOI, n=40,

pupal weight  range:  O.258-O,430g; unpublished

data). The  cutworm  fed a diet containing  tannin

might  produce fewer offspring  than that fed a diet

without  tannin. Moreover, the extended  larval pe-
riod may  increase the risk  of  predation and  para-
sitizing  in the wild.  Thus, tannin may  decrease

plant damage both directlM as a  deterrent, and  indi-
rectly, in reducing  herbivore populations, Our re-

sults  corroborate  the theory  that tannin  is ari anti-
herbivory agent  (Rhoades and  Cates, 1976; Scriber
and  Ayres, 1988; Bernays et al,, 1989; Schultz,

1989; Clausen et al., 1992; FeenM  1992),

  It is widely  assumed  that the effect  of  tann{n on

herbivores is proportional to tannin level (FeenM
1968, 1992), However, only  a  few studies  haye
rneasured  the dosage effect  oftannin  (Feeny, 1968;
Ayres et al,, 1997). Our study  correlates  the inhibi-
tion effect of  tannin on  the growth of  the common

cutworm  with  tannin amounts  (Table 1), Our  re-
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sults support  Feeny's conclusion  that the effect  of

tannin  is proportional to the tannin level (FeenM
1968, 1992).

  The common  cutworrn  has a  wide  host range

(Okamoto and  Okada, 1968), Therefbre, we  as-

sumed  that the effect  of  tannin on  cutworm  growth
represents  the constitutive  chemical  defense of

plants containing  significant  levels oftannin.  How-

ever, .some studies  have reported  that tannin has no

effect on  the growth of  other generalist herbivorous

insects (Bernays and  Chamberlain, 1980; Ayres et

al,, 1997). Clearly, in the generalist herbivores, the

reactions to tannin  difTer among  species,  The ei

fects of  tannin on  individual herl)ivorous insects

need  to be clarified through  further research.  More-

over,  some  researches  have shown  that tannin

structures difTer among  plant species and  that dif

ferent tannins play different ecological  roles

(Zucker, 1983; Marini Bettola et al,, 1986; Clausen
et al., 1990; Hagerman and  Robbins, 1993; Mole,

1993; Ayres et al., 1997), The relationship between
tannin  structural  variations  and  functions needs  to

be clarified  through further research,
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