
and the per capita effect of prey i on predatorj as 

15. The results given for this particular food web are 
representative for the other food webs, as in all 
seven webs the negative a ,  decreased slgniflcantly 
with trophic posltion at least at the P < 0.01 level, 
whereas the positive a,, Increased significantly with 
trophic level at the P < 0.05 level, except for the 
websfrom Horseshoe Bend (12) and Central Plains 
(12), for whlch a showed no correlation. The im- 
pacts as shown f n  Fig. 2C are also representative 
for the other food webs, in that for all webs impacts 
on stabllity were correlated neither with feedlng 
rates nor with interaction strengths. 

16. The values of one pair of the matrlx elements, referring 
to one interaction, were varied wlthin the range of [O, 
2a,], where a,, IS the estimated interaction strength (141, 
keeplng all other elements fixed at their calculated val- 
ues. The sensitivity analysis was done with matrices in 
which the mean values of the diagonal terms were close 
to (1% below) the critical value for stability and were 
based on 100 runs. We assessed the stabllity of the 
matrices by testlng whether all eigenvalues of the com- 
munity matrices had negative real parts (1) 

17. The diagonal matrix elements referring to intragroup in- 
terferences could not be derived from the empirical data 
and therefore were set at various levels of magnitudes 
(s,, with 0 5 s, 5 1) proportional to the spec~fic death 
rates (d,), with s, = 1,0.1, and 0.01 and hence a,, = -d,, 
-O.ld,, and -0.01d, for all groups equally, lntragroup 
Interference was modeled this way, as the values pub- 
llshed by Hunt eta/. (27) for the specific natural death 
rates (d) Include all nonpredatory losses that can be 

' 

expected in populations with population size (B,) In their 
natural environment. In terms of the Lotka-Volterra 
equations, thls way of modellng intragroup interference 
implied that b, = (1 - sJ d, and c, = s,d/B,; hence, 

a, = (aic,/aX,)* = - s,d, 

Elements referring to the feedbacks to detrltus were 
derived ~n the same way as the trophic interactions 
with the modification of the Lotka-Volterra equation 
for detrltus (4). 

18. Diagonal terms and feedbacks to detritus ~n the the- 
oretlcal matrices were chosen from ranges simllar to 
those in the lifelike matrices relative to the strength of 
the trophic interactions. 

19. This kind of disturbance preserved the placing of the 
positive, zero, and negative elements, the logical pair- 
ing of element values referring to the same trophlc 
Interaction, and the overall strength of the trophlc in- 
teractions relative to the strength of lntragroup inter- 
ference (5). 

Complex Cooperative Strategies in 
Group-Territorial African Lions 

Robert Heinsohn and Craig Packer 

Female lions (Panthera leo) showed persistent individual differences in the extent to which 
they participated in group-territorial conflict. When intergroup encounters were simulated 
by playback of aggressive vocalizations, some individuals consistently led the approach 
to the recorded intruder, whereas others lagged behind and avoided the risks of fighting. 
The lead females recognized that certain companions were laggards but failed to punish 
them, which suggests that cooperation is not maintained by reciprocity. Modification of 
the "odds" in these encounters revealed that some females joined the group response 
when they were most needed, whereas other lagged even farther behind. The complexity 
of these responses emphasizes the great diversity of individual behavior in this species 
and the inadequacy of current theory to explain cooperation in large groups. 

African lions engage in a wide variety of 
group-level activities, including group 
hunting, communal cub rearing, and group 
territorialitv (1. 2). However, recent re- , ~ ,  , 

search has revealed lions to be less cooper- 
ative than previously supposed. Although 
lions will hunt cooperatively when their 
prey is difficult to capture (3-5), coopera- 
tion often breaks down when the prey is 
relativelv easv to catch (3. 4). Female lions , , . . 
nurse each others' cubs, but nonoffspring 
nursing is secondary to the females' joint 
defense of young against infanticidal males 
(2,  6). Indeed, the threat of attack by con- 
specifics appears to be the driving force in 
lion sociality (2). Large prides dominate 
smaller ones, and solitary animals are fre- 
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Natlonal University, Canberra, Australian Capital Terrlto- 
ry, 0200, Australla. 
C. Packer, Department of Ecology, Evolut~on, and Be- 
havior, University of Minnesota, 1987 Upper Buford Cir- 
cle, St. Paul, MN 55108, USA. 

quently killed or injured in attacks by like- 
sexed strangers (1 ,  2). Territorial incursions 
can be simulated by the playback of record- 
ed roars, and these routinely elicit cooper- 
ative defense (7 ,  8) .  Groups of lions will 
readily approach a hidden loudspeaker and 
will even attack a taxidermically mounted 
lion concealed behind the speaker (8). 
These experimental studies indicate that 
lions can distinguish pride mates from 
strangers (9) and can assess the ratio of 
companions to intruders (the "odds"), ap- 
proaching the speaker more readily when 
they outnumber their recorded opponents 
(7, 8) .  However, by performing a series of 
playbacks to the same groups of females 
over a 2-year period, we have discovered 
that certain individuals consistently lag be- 
hind their companions during the group 
response. We  show here that these females 
are recognized as laggards by their compan- 
ions and that many of these laggards vary 
their behavior according to the odds. 

20. Values were sampled from the interval [0, 11, which is 
appropriate for the energy conversion efficiencies by 
definition and for the specific death rates and popu- 
lation sizes, which depend on the scale 
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Female lions live in fission-fusion social 
groups (prides) that typically contain 3 to 6 
related adults (numbers can range from 1 to 
18), their dependent offspring, and a coali- 
tion of immigrant males (10, 11 ). The males 
defend the pride against incursions by other 
males (8, 10), and the females defend their 
young against infanticidal males and their 
territory against incursions by other females. 
The territory is essential for successful breed- 
ine and can onlv be held bv two or more 
fekales (2) that advertise owiership by roar- 
ine (1. 7). Here we consider the territorial " ~ ,  , 

responses of females to other females, pre- 
sentine data collected on eight nrides in the - " .  
Serengeti National Park and Ngorongoro 
Crater. Tanzania. Each nride was cornnosed 
of two to seven adult females of known age 
and kinship (10, 11). To  simulate varying 
levels of territorial threat, we followed Mc- 
Comb et al. (7) in broadcasting the roars of 
either one or three females (12). Most indi- 
viduals responded by looking toward the 
speaker and approaching directly at a walk- 
ing pace. Females that led the response typ- 
ically adopted a tense posture with head held 
low, and their approach was often punctuat- 
ed by pauses and glances back at lagging 
companions [also see (8)j. Each animal's re- 
sponse was measured in four ways: its latency 
to the midpoint (100 m) between the pride's 
original position and the speaker, the differ- 
ence between its own latency and that of the 
leader ("lag time"), the order within the 
group when each animal reached the mid- 
point, and the number of backward glances 
to lagging companions. The order in which 
individuals approached the speaker usually 
remained the same throuehout the nlavback. - . , 
and these ranks were standardized to a value 
between - 1 (last) and 1 (first) to control for 
group size. 
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We used the females' standardized ranks 
to measure their averaee resuonse to territo- " L 

rial intrusion. A n  analysis of variance within 
each uride shows sienificant individual dif- 
ferendes in seven 07 eight prides (28 of 34 
individuals, 0.043 > P > 0.0001). Of these 
28, 12 had mean standardized ranks below 0 
(that is, consistently remained at the rear of 
the group), and these were defined as lag- 
gards. Mean rank does not depend on age or 
body size (13), nor do female lions show any 
discernible dominance hierarchy (1 4),  so dif- 
ferences between individuals do not obvious- 
ly relate to fighting ability. A female's typical 
response does not appear to be maternally 
inherited (15); laggards are not any less 
closely related to the pride (1 6 )  nor are they 
any more or less likely to participate in group 
hunts ( 1  7). Although the biological basis of 
these individual differences is not yet clear, 
lagging behavior appears early in life and 
persists into adulthood (1 8) .  

Territorial fights often lead to severe 
injury or death (1, 2, 1 O), and females most 
frequently attempt to expel intruders if they 
outnumber them (7). Thus, a rapid response 
by every group member would reduce their 
companions' risk of injury or defeat. How- 
ever, laggards followed 50 to 200 m behind 
the leader and typically reached the speaker 
30 to 120 s later. In every real interpride 
encounter where lagging was observed and 
a female was attacked, the victim was al- 
ways the lead female (n  = 5). Thus laggards 
are safer from any initial attack, and leaders 
appear to incur a risk proportional to their 
companions' lagging distance. 

Because laggards may gain greater imme- 
diate rewards by letting their companions 
bear the full costs of territorial defense, we 
tested whether female lions behave in a 
manner predicted by theoretical models of 
the iterated prisoner's dilemma (19). In a 
single-encounter game, mutual cooperation 
results in a greater payoff than does mutual 
defection, but the greatest payoff is 
achieved by "cheating" on  a cooperative 
partner, and the leas< payoff results from 
"cooperating" when the partner cheats. 
The two best strategies in an iterated game, 
tit-for-tat (19) and Pavlov (20), punish 
cheaters by withdrawing further coopera- 
tion. Tit-for-tat cannot be exploited as it 
reciprocates acts of both cooperation and 
cheating. Pavlov is similar but can also 
exploit an unconditional cooperator. Coop- 
eration in larger groups is more complicated 
and may operate either through a system of 
pairwise interactions (21) or through n- 
person games in which many individuals 
cooperate simultaneously (22). 

We examined each female's response to 
lagging in a two-person game by playing the 
roar from a single intruder to a leader (mean 
rank >0) matched first with another leader 
and then on a separate occasion with a lag- 

gard. In each case, the pair was a subset of a 
larger pride but were temporarily separated 
from the remainder of their companions, and 
individuals were classed according to their 

u 

behavior in previous experiments (23) .  In 
six matched pairs of playbacks, the leader 
approached the speaker less quickly and 
stopped more often to look behind at  her 
companion when she was paired with a 
laggard (Table 1).  Thus, females "mis- 
trust" their lagging companions, which 
suggests that they have the cognitive abil- 
ity to implement score-keeping (19,  24). 
However, leaders do not conform to mod- 
els of reciprocity, as they fail to "punish" 
laggards by halting their own approach to 
the sueaker. Although more cautious. - 
leaders continue to bear the costs of either 
arriving alone or arriving 48 to 106 s 
before their lagging companion (Table 1 ) .  
Their acceptance of laggards also rules out 
Pavlov (20), a strategy in which only mu- 
tual cooperation or mutual cheating can 
lead to further cooneration. 

These arguments only consider short- 
term conseauences of territorial defense. but 
individuals should also be sensitive to the 
lone-term effects of their behavior. Al- - 
though lions might be tempted to reduce 
their risk of injury from territorial defense, 
they must act to maintain both their long- 
term territory and sufficient numbers of com- 
panions to defend it (2, 7, 8, 10). In addi- 
tion, female lions need companions to share 
in the protection of young (2,  6 )  and the 
capture of large prey ( 2 ,  4) ,  and companions 
are recruited only through births within the 

Table 1. Latency (in seconds) to the midpo~nt 
(100 m) by pars of females and the number of 
glances given by the leader to her companion. The 
same leader IS matched ether with another leader 
or with a laggard (23), and in a cases the palr 
were separated from the rest of their pride by at 
least 2 km. A playbacks were of the recorded roar 
of a single "intruder." The leader's latency and her 
number of glances are both greater when the 
companon is a laggard (Wcoxon signed-rank 
test, two-tailed, P = 0.031). Asterisk indicates 
that laggard reached the midpoint but stopped 
before reachng the speaker. 

Pa~r Latency (s) Glances (n) 

CS55-CS63 
CSN-CS46 
L75-L78 
MSF-MKM 
MKU-MKT 
Nymph-Nell 

CS55-CS60 
CSN-CS27 
L75-L72 
MSF-MKS 
MKU-MKO 
Nymph-NW15 

pride (1 0, 25). Thus, endangering a compan- 
ion would eventually have long-term costs 
outweighing the short-term temptation to 
cheat (8,  26), especially when companions 
are close kin. Consequently, females might 
be expected to cooperate unconditionally 
(3,  26, 27) during territorial defense or to 
cooperate whenever their participation 
would shift the odds in their favor. 

We therefore tested to see how lagging 
behavior was influenced by the odds and 
discovered that the 12 laggards could be 
classified according to three different strat- 
egies (Fig. I ) .  The lag time of six individu- 
als was independent of the ratio of compan- 
ions to intruders, three laggards joined the 
leaders when most needed (significantly 
positive slopes), and the remaining three 
laggards held back even farther (significant- 
ly negative slopes). Thus, in the context of 
group territoriality, we suggest that female 
lions may be classified according to four 
discrete strategies: "unconditional coopera- 
tors" who always lead the response, "uncon- 
ditional laggards" who always lag behind, 
"conditional cooperators" who lag least 

LK23 

40 

30 CS27 

20 

10 Trlfle - 
Z 0  LKG 

E 0 1 2 3 4 5 6 7 6  
.- - 

30 

20 MGQ NW15 
Trlm 

10 NW06 MG17 

0  
0 1 2 3 4 5 6 7 6  

Adults presenVintruders 

Fig. 1. Lag t~mes of the 12 laggards plotted 
against the number of adults prbsGnY at the play- 
back divded by the number of "intruders." ncu-  
sion of both indivdual ntercepts (F,,,d,,, = 3.39, P 
= 0.0006) and slopes (F ,,,,, = 2.27, P = 0.016) 
signifcantly mprove,d the overall model. Two oth- 
er factors were tested but found not to be signifi- 
cant: the total number of adults n the prde (but 
not necessar~ly present) and the number of 
subadults present. (A) A laggards with nonzero 
slopes (P < 0.05). Open circles, Trifle; s o d  cir- 
cles, CS38; open triangles, CS27; solid triangles, 
LK23; open squares, LKG; and solid squares, 
SBC, (6) All laggards with constant lagging tmes. 
Open circles, Trim; solid circles, MGI 7; open trl- 
angles, MGQ; solid triangles, Laika; open 
squares, NW15; and solid squares, NW06. 
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when they are most needed, and "condi- 
tional laggards" who lag farthest when they 
are most needed (28).  

Our analysis has revealed unexpected di- 
versity in lion behavior. Some females coop- 
erate unconditionally and others only cooper- 
ate when most needed. Both strategies ensure 
the long-term rewards of protecting essential 
comnanions and a stable territon.. However. 
othe; females opt for additional short-term 
benefits by lagging behind pride mates during 
territorial disputes, and some females lag far- 
thest when their h e l ~  is most needed. Al- 
though leaders recognize laggards and behave 
more cautiouslv in their nresence, thev con- 
tinue to lead the response: In a broade; inter- 
pretation of cooperative behavior, leaders and 
laggards may be analogous to "producers" and 
"scroungers" in foraging groups (29) or "bold" 
and "shv" individuals in other contexts (30) .  . , 

As laggirds avoid the costs of fighting ("pro- 
ducing"), their rewards are clearly frequency- 
dependent, and they exploit their pride's cor- 
porate territoriality if enough of their com- 
panions cooperate (22). Under these condi- 
tions, laggards mav coexist with leaders in a uu 

mixed evolutionarily stable strategy (3 1 ). This 
study suggests that cooperative groups can 
include a great variety of behavioral strategies. 
Most theory on the evolution of cooperation 
has focused on two-person games and has 
revealed extraordinary levels of complexity 
(32). Individual behavior in contests between 
larger groups may prove to be even more 
complex. 
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Endoreduplication in Maize Endosperm: Involvement 
of M Phase-Promoting Factor Inhibition and 

lnduction of S Phase-Related Kinases 
Gideon Grafi and Brian A. Larkins* 

Endoreduplication is an endonuclear chromosome duplication that occurs in the absence 
of mitosis and in Zea mays (L.) is required for endosperm development. Induction of DNA 
synthesis during early stages of endosperm development is maintained by increasing the 
amount and activity of S phase-related protein kinases, which was demonstrated here by 
their ability to interact with human E2F or with the adenovirus ElA proteins. In addition 
it was shown that endoreduplicated endosperm cells contain an inhibitor that suppresses 
the activity of the M phase-promoting factor (MPF). These results demonstrate that in 
maize endosperm, endoreduplication proceeds as a result of two events, inhibition of MPF 
and induction of S phase-related protein kinases. 

A common method by which polyploidy 
occurs is through chromosome endoredupli- 
cation. This is an  endonuclear duplication 
of the genome occurring in the  absence of 
mitosis, and it leads to the production of 
chromosomes with 2" chromatids ( 1  ). T h ~ s  
process is common in  tissues with high met- 
abolic activity, such as the silk glands of 
dipterans and the  developing endosperm of 
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son, AZ 85721. USA 

*To whom corres~ondence should be addressed. 

seeds, but it can also occur in tumor tissues 
( I ) .  Endoreduplication appears to be an  
essential process for the  development of Zea 
mays (L.) endosperm (2) .  O n e  would pre- 
dict that endoreduplication proceeds from 
two events: inhibition of mitosis and the  
constitutive induction of D N A  synthesis. 
As the mechanism controlling endoredupli- 
cation is unknown. we have beeun to char- 
acterize the  factors regulating this process in  
maize endosverm. 

W e  established the temporal expression 
of endoreduplication in  maize endosperm 
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