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tisn sfDiversity by Grazing and Mswing 
in Native Taligrass Prairie 

Scott L. Collins," Alan M. Knapp, John M. Briggs, J ~ h n  M. Blair, 
Ernest M.Steinauer 

Species diversity has declined in ecosystems worldwide as a result of habitat fragmen- 
tation, eutrophication, and land-use change. If such decline is to be halted ecological 
mechanisms that restore or maintain biodiversity are needed. Two long-term field ex- 
periments were performed in native grassland to assess the effects of fire, nitrogen 
addition. and grazing or mowing on plant species diversity. In one experiment, richness 
declined on burned and fertilized treatments, whereas mowing maintained diversity 
under these conditions. In the second experiment. loss of species diversity due to 
frequent burning was reversed by bison, a keystone herbivore in North American grass- 
lands. Thus, mowing or the reestablishment of grazing in anthropogenically stressed 

ailclitiol~plots n.as one-tenth that ofburned, 
rnc~ii-ed plots (Table 1 ) ,  Light a\.ailabiliry 
on  b~ lmcd ,  N-addition. lnon~ed ulots .i\.,~s 
signiflcant1~- greater than on l-urneil, N-
acidlrioll plots that haid not  been mowed, 
but ~t \vas not s ~ g l l i f i c a ~ l t l ~  different from 
the control. Thia increase in li=ht \i:ithlri 
the canopy- of mori-e;l plots may Iie a major 
mcchaniam by n-111~11 species richness is 
mainraineci. 

Hluh species ii~versir\- in r h e ~ e  grasslaneis 
ib h e  to a large nlunher of C: specles, 
~ . ~ c c l a l l ~forhs (9).There n-ere n o  signifi- 
cant iilfkrcnces 111 qpeclrs r~cliness in Cj  
Llnctional groups among treatments In 
1989, but liY1994, richness Liii'fereci alllong 
treatments in all filnctional ~r i iups  except 
for n-,cocir zpecies (Table 1) .  For all ~ L I I I C -

tional groups, the 1owe.t richness occ~~rrei i  
on  S-;ti l i l i t~on, l~umei iplots, n.hereas rich- 
n c ~ son  h~lrned, tcrtil~;cd, mon-cJ plots n-as 
nor qignifica~~tly from the control. i l ~ f k r e ~ l t  

grasslands enhanced biodiversity. 

1111North .Americ,1n t ,~l lxras  prairie, dl\-er- 
sit\- ancl pro~luct i~- l t \ -  controlleJ aare to  
l a r ~ e  extent I.)- nitrocen a\-allabil~ty ( l ). 
Hi>tL)ricall\, the spatla1 and tempnral 117.-
n a m i c ~L>f~ittrogen avallal-lllty In ysalries 
n w e  clri\-en by interacttoll< l\ct\vccn flre 
f re i l~~enc\- large her13i1-ores and graz~np 1.v 
(2-4). In g c ~ ~ c r a l ,  y r lng  tirca enhC1ncc the 
yron-tlh of ilomlnant C4grasses, and herbl- 
\-ore> s~1c11 as l i i ~ > nrreferenriall\- ura:c 
these (2-4). Esrirpatia~lof 11ativc 
grxcr., lhah~r,~tt~--a:mentarli)n, elel-ate4 at- 
miispheric 1litr0'1~11 ilepobitiall, anci altered 
fire tseil~~ellcv ha\.e Llikl-upteJ the eco,\stelll 
structure ancl f i~n i t ion  o t  ~r~1sslancls n-oriel-
~viLie(5).T o  e\,aluatc the. ~ n t e ~ - , ~ c t i v eeffect.: 
of nra:i~~q, nlrri):.en enrichment, ,111~1 fire 
f rc ; i~~enc\on  plant spccle, di\-erslt\ in na- 
ri1.e tallgrass prairie, n e  est,.rl-lishc~l tn.o 
Lon@-term iielil csperlmcnt\ at the I<onr,~ 
Prairlc Lc>ng-Term Ecoli~gical Rcicarsh yite 
111 n i i r t l~e~~qtcrnIGnsaq. Unl tcJ  State.. \M'c 
yse~llcteii that ti>r-ilo\vn fi)rces, n;imely 
gra:lny b~honat the watershcii scale or its 
surrocate. mo\\-lng at the plot scale, \vo111~l 
rnaillta111 species ciil-ersity under c o n ~ i i t i o n ~  
of 111p11 l~i)tentlcll l ~ r o i i ~ ~ c t ~ v l t y .Th1.: rreillc- 
t i ~ i n  1s c ~ i m t c r  to prc~.alling theor\- a n J  
e\perimental res~llts \\.hich ilemonitrate 
that procluctl\-ity and ~ I ~ ~ e r s ~ t \ -  arc nepat~vc- 
ly related ( 6 ) .  

111 the ilrst cspcrimcnt, four rcpllcatc 12 
111 I-.\- 11 111 plots In annually hurneil (Apr11) 
lon.lanLi psarie \vcre estahlisheil in 1936 
\vith the follo~\~inr: treatments: b l ~ m e d  o1111.: 
nitroyen aLliIltlon at a rate of I ?  g of N per 
aclilare meter per year (y N ill ' year-' ) as 

S L C o l ~ i s .  E ~ , ' s ~ a i  6oagy .  \ ~ a - a i a  of El,, ~o l -~ - -e - t a  
S m - c e  FOLII-:lat o - iII-$~I- .  'M4 22250 LISA 
A K KI-a:p J hh Er~cgs. J M 3 a . Eiv s a -  of 313  02) 
l<ansas Stare L~I- iers-y Ma-~l iat tai .  l<S 95505 9SA 
E hh S - e r a ~ ~ e ~ ,  Ce;a~ime~-: o- 3otan'. 21-d hh~c ob ole;,! 
9 n .  elsl-,. c- C~ka io - l a ,  No1 - -a i .  OX - X I  E 9SA. 

o .,'-c -1 c a ~ ~ e s ~ : a ~ i ~ ~ e - c e  si'a~! d be ar:cl~esserl E-~- la:  
s:aIl~-s%nsf 30,; 

NH4NC>, (7):m c ~ n - i ~ ~ gin late June \I-it11 cut 
1:iomass rcmi>vcd; and S aciil~tion p111s 
mi)n.ing. A11 ~~nmanlpulatcLi (ni>b ~ ~ m l n g ]  In 1994, n o  C,grasses or ~vooily species 

c ~ n t r o ltreatment \\-as inclucleil for compar- 
isi)n. Aerial ci>\-er of each .rt3ecles \\-as \ . i w  
ally estimated in ~ > n e  117-m' circular q~ladrat 
centered 111 c,~cli  treatment rli>rin Ju1~- of 
1959 and 1994. .-ibol-eqrol~nd 1- oma ass \i-,12 
meas~ire~lby har\.e.rtlny all plant.: in t\va 
c7.1-111' L l~~a i l ra t~  per replicate in earl\- Sel3- 
temlyer of each \-ear Bic>mLis5 \r a\ sorteLl to 
~ramlnoidz ancl farl-s. ilrieLi, a n J  n-eighed. 

The  aLldltion of S rc,~ulted in ,I vrearer 
than I?-iolil increase In inorganic sol1 ni- 
tri>gcn p o l s  in the Grt11i:ecl plots (Table 
1) .  Al-o\ e g r o ~ ~ n ~ i  proi i~~ct lonl?iama.s in 
19S9 anil 1994 a-as h~~l - i ea t  011 the N-aLILli- 
tlon plots. I11 both 19P3 and 1994, grcls,es 
,icci>unteil for greater than 95"0 o t  the total 
biomass c>n these plc>ts. I11 ci>ntrazt, 
abo\.eyrou~~dl-loma>s on  the ci>ntri)l plots 

were recorded ~)11 all~lually h~lrned,  or 
llumeil plus N-add~t ion treatments (Table 
1 ) .  Thus, rn-o of four f ~ u ~ ~ c t i o n a l  gri>upa n-ere 
1n.t 1111iIer coniiit~on, of hot11 111gh f ~ r e  tie-
ql~cncy and S a\.a~lal. i l lr~.In contrast, the 

\\as lolv 111 both yearb, and erases , i c c o ~ ~ ~ ~ t -  
,-,i fin only 56 to 63"o of the total in 1939 
c ~ ~ ~ J1994. 

I11 l9S9, no a i g n ~ f i c n ~ ~ t  inilift'ercnces 
ipeiiek s~chness occurred among tlie exper- 
1111c11ral (Table 1) .  In 1994, after 9 
\.eclrs of rrcatme!it. ,pcciec richness L>IIan-
lluallp b~irned, S-addition plots \vas 4 E " n  
lnwer t h , ~ n  r~c l~ness  from this treatlnent In 
19S9, and ncar1;- 66% lower than 011 the 
col~trol plots. k1on.eil. a n n ~ ~ , ~ l l y  l~urnecl,W -
ailLiitlon plots had more than doul~le  the 
q e c i c <  richness of 131~315 that n-ere not 
~llo\vecl, anil yecic.  rlchnc>a 111 t h e ~  
mo~veil,ferti1i:ed. l ~ u m e d  plc)ts Ivas not {ig- 
nlticantly iliffercnt from the control (Table 
1 ) .  Thui ,  miinin? prex-ente,l the loss ot 
r lchnes  ~lniier con,iitlons that ot l~eruise  
lei1 to '1 reduction in speclei Lii\-crh~ty. 

Light is otten a lilniting ~ ~ S ~ L I I - c c111 hloh-
IT. p r o i i ~ ~ c t ~ \ - e  co i i~ l i l~~ i~ i t i e sher l -aceo~l~ (6 ) .  
Lyre mea\ureci mielclay li9lit Ie\.els at 1? ill1 

al-01-e the soil surface in each treatment 
plot (S!. Llyht axailal-llitl- on  l?llrneLl, K-

B I 

C, Grass --
-

-
-

- - Forbs Q 1 

Number of fires 
Fig. 1. Effect of fire freqc~ency on aoundance (cov- 
er pep 10 t r2 jof C,grasses and fobs  ori cingrazed 
laters sheds (A)at-d watersheds grazed by alson 
:B). Regression statist~cs are aased on angular 
transformed cover data C,grass abundance 11~s 
sig - ficantly post~~vel!! to fire fPequency on 
I;-grazed treatments ( r2  = C.8C.F = i 6 . 83 ,P < 
C.0COI. I; = -9;r 2  IS the correlate,- coefcent  
and Fand Pvdere calculated froln ANOVAi but nct 
o -  grazed treatments. Forb abc,ndance \.was s ~ g -  
,- '~ca~it lyposit~vel!! relared ro 'Ire frequency 3n 
grazed treatments : r 2  = C.25. F = 6 09, P = 

C.C24. I; = 20), and negatiss!el!! related to f re fre- 
quency o i  ungrazed treatl-ients (1.' = C.-6. F = 

3.42,P = 0.08,17 = 19). 
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Table 1. Effects of burnlng nltrogen addltlon and mowlng on blomass anaysls of varlance (ANOVA)and Least sgnlflcant dfference (LSD)tests (n = 

specles rlchness extractable sol ntrogen and g h t  avallablllty Bomass and 4 In a cases) Treatment means wlth dfferent superscrpts (a b c) In each 
rlchness were measured In 1989 3 years after the start of the experment row are slgnlf~cantlydifferent from each other Treatment means In rows 
and In 1994 Mowlng occurred In late June of each year Nltrogen data were wthout superscr~ptswere not slgnfcantly dfferent from each other (NS) (C, 
averaged from June samples from 1993 to 1995 Lght was measured In and C3plants have as ther flrst product of photosynthess a four-carbon ar;d 
September Differences among means In each row were determined by a three-carbon acd  respectvey ) 

Control Burned only Burned i 
mowed 

Burned + N Burned + N 
+ mowed 

7989Assessment 
Blomass (g/m2) 

Grass 
Forb 

Rlchness (no / I0  m2) 
C,l 

Grass 
c3 

Grass 
Forb 
Woody 

Total 

0.3 t 0.5 0.8 i 0.5 
9.0 i 2.9 9.5 t 3.4 
0.0 0.0 

14.8 -t 3.4 16.0 t 3.4 
7994Assessment 

Biomass (g/m2) 
Grass 
Forb 

Rlchness (nodl0 m2) 
c,

Grass 
L 3  

Grass 1 . 5 5  1.9 0.0 0.5 i 0.6 0.0 1.5i 0.6 0.074 
Forb 8.2 t 2.5ab 9.5 i 3.3" 9.2 t 3.0" 2.8 i 1.3" 5.2 t 1.5ab 00055 
Woody 0.5 t 0.6 0.0 0.0 0.0 0.0 NS 

Total 15.3 -t 3.1a 13.8 t 3.0a 15.0 i 2.8a 5.6 t 1 .Ob 12.2 i 2.2a 0.0003 
L~ght(pmo m2s ') 237.5 i 120.2ab 416.8 i- 205.1a" 965.7 i 83.5' 78.8 i- 29.3b 480 2 i 247.2a 0,0001 
N (pg g '  soil)" 7.3 i 3.6a 3.9 t 1.9" 2.7 2 1.5a 38.6 i 33.2" 43.5 i 35.3b 0.0001 

'Coriertrat~orsof 2 M KC-extraztable 11-orgarcn~trogen(NC, and NH,-N) n 0-to 5-znl-deep sol cores. 

richness of C, grasses o n  burned, N-ad&-
tion, mowed plots \\'as equal to  the  richness 
o n  the  control, and mowing maintained a 
low number of C, grasses o n  annually 
burned sites. Consequently, mowing pre-
vented the  loss of C, grasses under condi-
tions that otherwise led to  local extinction 
of this functional group. Woody species 
were not found o n  mo\ved plots. 

In the  second experiment, \\ratersheds o n  
Konza Prairie \\,ere subjected to  various 
combinat~onsof prescribed burning in early 
April and grazing by bison (Bos bison) (10). 
This was a split-plot design with random 
assignment of fire frequencies to watersheds 
in  either grazed or ungrazed portions of 

Konza Prairie. Some burnlng treatments 
were initiated in 1972, others in 1981. Bi-
son were reintroduced onto  a portion of 
Konza Prairie in October 1987, and the area 

was sienificantlv greater than o n  annually, , 

burned sites and the  unrnanipulated water-
sheds iTable 2). These patterns occurred 
despite the fact that grazed grasslands have 
higher N availability than ungrazed grass-
lands (13).  

T h e  richness of C, species (grasses, forbs, 
and woody plants) was lowest o n  water-
sheds that were burned but not  grazed (Ta-
ble 2).  Forb richness \\,as highest o n  grazed 
watersheds regardless of burning treatment. 
T h e  richness of C, grasses and forbs o n  
burned and grazed watersheds was nearly 
double that o n  watersheds that were burned 

grazed \\,as increased to  its current size in 
1992 (1 1). Vegetation cover was estimated 
in  1995 in 40 permanently marked 10-m' 
circular quadrats in t\170 replicate water-
sheds of each treatment. 

Total species richness \\,as highest o n  
grazed watersheds and lo\vest o n  annually 
burned \\ratersheds iTable 2) .  As in the  
experimental plots, grasses accounted for 
greater than 80% of aboveground biomass 
o n  annually burned sites (12) .  Total species 
richness o n  grazed and burned watersheds 

but not  grazed. T h e  richness of C, species 
was also higher o n  grazed, burned sites com-
pared with the  control. Thus, similar to  
results from mowing the  experimental plots, 
grazing by native herbivores led to higher 
snecies richness under conditions that oth-

Table 2. Effect of an~ua lfre and grazlng by blson In native tallgrass prairie on plant speces richness. 
Rchness was measured In 1995 in elght 50-m2transects within each watershed. Statistical notation as 
In Table 1 

erwise reduced diversity. 
T h e  abundance of nlallt snecies andControl Grazed only Burned only 

Burned + 
grazed 

P 
functional groups in tallgrass prairie is also a 
function of fire frequency (14) .  T h e  abun-
dance (cover per 10 m') of C, species in-
creased as fire freauencv increased in un-

Rlchness (no./50 m2) 
c,I 

Grass 6.6 i- 1.2" 9.4 i 3.2" 8.3 t l . l a b  9.9 -t 1.4b 0.0001 
grazed watershed5 ('Fig. l ) ,  but there was n o  
re l a t~onbetween C ,  abundance and flre 

c3 
Grass 6.4 t 1.4" 8.3 1- 2.1 3.6 i 0.8C 6.6 t 2.0" 0.0001 
Forb 29.1i-7.4a 4 1 . 5 i 1 0 . 0 b  23.21- 5.5a 40.8-t11.4b 0.0001 
Woody 4.2 i 1 .gab 4.8 i 1 .ga 1.9 t 0.8" 3.6 i 1 . 0 ~ 0 0 0 1  

Total 46.2 t 9.8a 64.2 t 14.4b 36.9 i 10.7C 60.9 t 14.2b 0.0001 

frequent) In grazed watersheds Forb abun-
dance In reaponse to flre freuuencv was 
altered b) grazlng as well O n  watersheds 
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i l9931].  S t ~ c  es lave sticwr tha! s ~ p p  emei!a k in 16 
iP s ral-ge .!as SL.? zlelli i o  afec! 1prccl-ct'~t) and 
: o r ~ ~ l i i ! ys t r ~ . c i ~ . ~ e  3 1 1 c j s ,[ T  ? Seas!ec:t, J M 1'. 
D J G bson Secoiogia 87 72 ('991 : J. 1"': S be -
town, J Aop; Eco' 17. 4 1  i l98C1. D A, l">:ecin and 
D. T m a i  Sc,e!-ce274. 172:: :l99E1: -tiese a x e - 18 
wated respcises a,e ~ i d c a t i ~ e  e ~ i n i ~ . -of loli;l-te-r 

latve efec!s e- i l i ron i i  e e ~ a t e d  k depos'!or -bat 

c c c ~ ~ ri grass laic:^ and c!be Ireg o rs  P bA :'I-

tousek s: ai. Ecoi Hpp' 7, 737 1 997!] 


8. Spayla y i!egraiec ptio!or - JX  eel-s~ty I o 2.7 
IAm: repofed '1nc,omoles per scLla,e l r e t c  per 
secondi vdas measxed :1!1tli a 1-n cepiometer 
(Decagoi  Ifour ozat c i s  n eacP plci Ir Septen-
ber, bAeasurererts :,ere nade ai  r ~ c d a y  u'de, 19 
:ear sky c o i e ~ i ~ a ~ ' ~  ilate J l ~ i e  I\/;ow~'y o:clrrred of 
eazh year. 

9 S L Call i s  a i c  S hh GGlinn, Eco!ogy 72. E54 20 

bA K. Leach aic: T J. G vn~sh. Science 273 1555 
,19961 
S. L. Cc lns  a l e  S. I\/;, aarber, Vegeiaiio 64 87 
,i925) S. L Ccllins, S. I\/; Glenn. D J. G~bsol-. 
Eco!cgy 76. 4 6  ; I9951 

3ereic:se hh J hh Oomes Li J A,tena, !?<. T. 
Elzeise Bio! Co!;s?r,/. 62, 5: ( I  992): E. hh Stell--
sue* aic: S L. C o  I i s ,  in F'ai'7'e Cons?rdai'on. Pre- 
se17ng iVo;ib A,merca's iv7osi Ei:iiangered Ecosys- 
:en?. F 9 Sanpson and F L K iop i .  Eds. (Isand 
P m s  !?<astilngion DC, 199E1 pp. 39-52 Tbe 
i ~ n z t o r a leq~vaen:) of b s o i  aic: cat!le grazl-2 In 
~Kcriti,Arrercai gassands *enalns ~ i c e r i a n  G E .  
PLI-r,b a l e  J. L. Dcdc, Eco!. Hppi. 3. 631 1993j. 431. 
S 	 _ C o i r s  a rd  T, R.  5ennin2, n ,4B~oo;~/ersity: 
Bioicgy of I V L ~ I : ~ I - ~ ~ S  K Gasion,ano' DiPere~~ce. J 
Ecl 	 :Backv!el, London, 19961, PP, 253-230. 
M .  E Pcvder ei a! , BloScience 46, EO9 il9961: D. A 

where bison ivere excluded. there \vas a 
negative relation between abundance of 
iorhs and tire t reqt ienc~.  In contrast, there 
was a positlr-e relation bet\\-een fire frequen- 
C T  and torb abllnclance on n.aterslieds that 
\\-ere grazed by bison (Fig. 1).Thus, grazing 
increaseii the abundance o t  torbs under 
conLlitions that nould otherii-ise promote 
iiolliinance by C4grasses and loner species 
diversity. 

,Although hurning 1s essential to main-

ram tallgrass prairie ( l5), flre alone is not a 
sutticient managen-~ent solution for restor- 
Ing prairie bioLl~versity as sollie have pro- 
p0sed (16 ) .  hlore frequent fires are now (1 991 I: C L Inner a rd  A K. Knapp icio' 77. 1738 !"!a,c:e. C Zacirisson. G Hjrnberg, C Ga e !  Scl--1. 

19961. 	 ence 277 I296  :19971: D. Trnan et a! ~sio' . ,pliredecl to resist in\~asion b\- exotics and 
10 L C t u b e f ,  ?!alne Sco.!r 5 , E3 :1925j 13°C. D U Hooper an: P. Id V~iousek,lb~o.,p

n-oodl- species in remaining grasslalid fiag- 11  r 1987. 3'2 b s o i  we*e entoduzed !a Ko iza Pra - 1322. 
ments ( 1 6 ) ,  but as shown liere freiluelit 
h~lrnlng dramatically increases the  <lomi- 
liance o t  C+grasses and reduces plant spe- 
cies i l i~ersity ( 1  7). Whereas tire is used as a 
conservation tool throughout ln~ ich  of the  
tallgrass region, the use of yraring b\- bison 
or cattle as a management tool tor main- 

r e ,  al-c: !he i e rd  IS now ma i t a i e d  at 20G II- : : ILI~- 
aals, 3 s c n  l i a ~ e  ~~nres i rz ie- l  :va!er-access tc 1 
s ' iezs s-~bec ied i o  s f f e m t  f r ec~~~e i c l es  ateof 
sp r rg  p,es:rbec fire n a 1C12-Pa poq io i  e- pra -
r e .  Ths  ann ia  dens~ry &as selected so r i a t  - 2 5 ? ~  
of ano\;egro~~nd p mar) product~on s zonsuriec 
ann~al ly 

12. J A4 ,' i;,m3rigys a rd  .A K. KI-app, 

21 	 E -D. Szhuze an: H. A. hhoone). Eds. Bod~vei_riiy 
a:lo' Eccs;ys:en i i ocbon  Springe*-Verlag. Ber n, 
1993) C G Jones an: J. Li. Lmdtci, Eds,  ii"K'ng 
S,oecies a*-0' Ecosysiems ~Ct iapnanX; Hall, Nwd 
"ark, 1995:, ' S. Chap-  ei a!, Sc:ei:ce 277. 500 
199;1 

22 D G I\/;~lcr;u~;as C E Sala. !"!. K Lalrenrorh Ain. 
dot 82. 1224 !\!at 1 3 2  87 11988;. 

119951 	 23. "?ie h a r k  J. Y Browr, L. Gough. J. Y La;;vtcn, S. J. 
tainlng species diversity is less cornmoll 13 k .  T. Hcncs, D S ScP~mel, C E. Cwensb) D S MckauaP!oi, G. Slaver, D. T~ lnan,  anc: P I\/;. ::I-

31ma, Eco'ogy 72, 1374 1991 I: S J hhcUa-lgctoi rcusek and fc.~r ancny~nc~ls  revlwdersfor ccrme17rs 
F r, 3ai)k,,'!a, M hh hhckalrg'~to~'.Science 278, o i  3, ea l  er vers on c- the nanuscrpr. S~iopo'-tec: by 
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Anterior Cingulate Cortex, Error Detection, and 

the Online Monitoring of Performance 


Cameron S. Carter," Todd S. Braver, Deanna M. Barch, 

Matthew M. Botvinick, Douglas Noll, Jonathan B. Cohen 


An unresolved question in neuroscience and psychology is how the brain monitors 
performance to regulate behavior. It has been proposed that the anterior cingulate cortex 
(ACC); on the medial surface of the frontal lobe, contributes to performance monitoring 
by detecting errors. In this study. event-related functional magnetic resonance imaging 
was used to examine ACC function. Results confirm that this region shows activity during 
erroneous responses. However, activity was also observed in the same region during 
correct responses under conditions of increased response competition. This suggests 
that the ACC detects conditions under which errors are likely to occur rather than errors 
themselves. 

(18 ) .  Yet herbivores such as bison histc>ri- 
call7- served as keystone species in tallgrass 
ecosystems l~ecause the\- reduced the corn- 
petitir-e ~ l o m ~ n a n c e  of the  C4 grasses, in-
creased llal>itat heteroyeneitv, and ill-
creaseJ species d1r:ersitl- (19) .  

O n e  consequence of anthropogenically 
dri\-en global change has been the estinc- 
tion or dramatic reiluction in populations of 
keystone species (2) .T h e  role that k q -  
stone species play in cornmunit\- structure 
a:-id ecosl-stem filnctioliing is non- a-idely 
recognized (21 ) .  In some systems, loss of a 
keystone species ma)- decouple the critical 
interplay between trophic interactions and 
comml~nity structure (23) .  Our  research 
dellionstrates that by adding or maintaining 
t ~ p - d o \ ~ . nforces such as grazing, at least in 
ecos\;stems like grasslands that were attect- 
e J  historically by keystone h?rhivores (22) ,  
diversity in nati1.e eyet tat ion can l ~ rrr -
rained under conditions that 14-ould otl-ier- 
\vise lead to a decline in species richness. 
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I t  has been proposecl that the  A C C  plays a 
prominent role in the  executi\-e control o t  
cognition ( 1) .  This hypothesis is based, in  
part, o n  fiirictional neuroimaging studies 
that show ACC actir-ity during tasks that 
engage selective a t tent i i~n.  \i:orking memo-
ry, language generation, and controllei1 in-
forlnation processing (2 ) .  Disturbances in  

col-isistent with the  rich anatoniical con-
nectivity of this region with association, 
limbic, and motor cortices (4)However, it 
is lacking in  detail regarding the  precise 
contribution of the  ACC to cognitive 
control. 

T o  date,  the  lllost explicit hypothesis 
regarding ACC fiuliction comes froin 

region have been reported in  event-related brain potentla1 (ERP)stud-Prncetor 1Ji1\=ress, P r i se t c r .  YJ -382,. A 3 1 ~  this braiin 
- o ~ ~ a s c \!'!L.an5 Aarrsei ' I ~ g e i a i 384 9 I' 389: 
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disorders associatecl n.ith co~n i t i r - e  imuair- les during speeded response tasks. These 
Inent, including schizophrenia and depres- s tud~eshave reported a n  error-related neg- 
sion (3) .  This account of ACC fi~nct ion is a t ~ v i t y(ERN),peaking 190 to  159ms after cerloc cf -me  [J 3 Aber S+ a; , k c , ' .  Pp,cl 3 156 
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