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Interactions among leaf toughness, chemistry, and harvesting 
by attine ants 
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Abstract. 1. Young and mature leaves of a tropical legume, Zngu edulis 
var. minufulu Schery, are strikingly different in secondary chemistry, 
especially condensed tannins, and leaf toughness. 

2. Bioassays with the two different leaf types indicate that leaf cutter 
ants, Arru cephufutes (L.), always find mature leaves relatively more 
acceptable than young leaves when selection was based on chemical 
cues. 

3. Since extracts of young leaves show greater inhibition of fungal 
pectinases we suggest that leaf-cutter ants are capable of distinguishing 
which leaf types are most suitable for the growth of their symbiotic 
fungus. 

4. However, mature leaves are 3 times tougher than young leaves and 
this prevents leafcutter ants from harvesting the more suitable mature 
leaves. 

5. Consequently, bioassays which require cutting before leaf removal 
indicate that some colonies actually harvest more from the less suitable 
young leaves. 

6. We suggest that the quality of a colony's habitat may indicate 
whether a colony will harvest more of the less suitable young leaves. 
Colonies which are harvesting from highly suita.ble host plants avoid the 
tropical legume Z.edu1i.s while those in poorer habitats accept Z.edu1i.s 
but, because of leaf toughness, mostly harvest the less suitable young 
leaves. 

Key words. Leafcutter ants, leaf age, foliar chemistry, condensed 
tannins, leaf toughness, host-selection, compromise. 

Introduction 

Differences in defensive chemistry between 
young and mature leaves can dictate patterns 
of leaf choice by herbivores (Feeny, 1970; 
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lkeda et al. ,  1977a, b; Cates, 1980; Meyer & 
Montgomery, 1987:). However, physical differ- 
ences between young and mature leaves may 
also influence leaf c:hoice (Feeny, 1970; Lamb, 
1980; Raupp, 1985; Bernays & Janzen, 1988; 
Larsson & Ohmart, 1988). More recently, re- 
searchers have fourid that some herbivores bal- 
ance differences in leaf chemistry and physical 
structure when selecting leaf types (Potter & 
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Kimmerer, 1986, 1989; Hunter, 1987; Raupp et 
al., 1988). Hunter (1987) showed that a late- 
season oak caterpillar feeds on leaves which are 
less suitable for growth because they are more 
easily rolled. Thus, host selection by herbivores 
can be a compromise between leaf chemistry 
and physical leaf traits. 

Leaf-cutter ants (genus A m ) ,  dominant her- 
bivores of the neotropics, are known to har- 
vest extensively from young leaves (Fennah, 
1950; Cherrett, 1972; Rockwood, 1976, 1977; 
Shepard, 1985). This pattern may be because 
young leaves are less repellent (Barrer & 
Cherrett, 1972; Littledyke & Cherrett, 1978) 
and easier to cut (Cherrett, 1972; Waller, 1982; 
Nichols-Orians & Schultz, 1989). However, 
young leaves of neotropical plants often contain 
higher concentrations of secondary chemicals 
(Coley, 1983). This suggests that greater har- 
vesting of young leaves by leaf-cutter ants 
may occur even though they are less suitable 
chemically. 

Secondary chemicals in leaves can affect leaf- 
cutter ants in three ways. First, before ant 
workers inoculate the leaf fragments with 
fungus, they deposit faecal fluid containing pre- 
viously ingested fungal enzymes, mostly pec- 
tinases and proteases, onto the leaf fragments 
to initiate leaf digestion and enhance subsequent 
fungal growth (Boyd & Martin, 1975; Martin et 
al., 1975). Poor in virro growth has been at- 
tributed to the absence of these enzymes (Mudd 
& Bateman, 1978). Therefore secondary chemi- 
cals that inhibit fungal enzyme activity could 
cause leaves to be rejected by Atta foragers. 
Second, some allelochernicals are directly fungi- 
cidal and appear to cause leaves to be rejected 
(Hubbell & Wiemer, 1983; Hubbell era f . ,  1983). 
Finally, worker ants appear to obtain a large 
portion of their metabolic needs by ingesting 
plant sap (Quinlan & Cherrett, 1979). Therefore 
secondary leaf chemicals that lower the quality 
of sap could also cause leaves to be rejected. 
Leaf toughness may also affect leaf-cutter ant 
foragers. High leaf toughness may prevent the 
acquisition of chemically acceptable leaf rna- 
terial (Waller, 1982; Nichols-Orians & Schultt, 
1989). 

This study investigates the degree to which 
leaf chemistry and toughness of young and 
mature leaves influence their suitability to leaf- 
cutter ants. Leaf-cutter ants, unlike other her- 
bivores. use the harvested leaf m:iterial to 

cultivate a fungus which is the sole food source 
of the developing larvae (Quinlan 82 Cherrett, 
1979). Despite this novel relationship they, like 
other herbivores, must deal with differences in 
the toughness and chemistry (defensive or nu- 
tritional) of leaves when selecting leaf types. 
For many herbivores it can be difficult to deter- 
mine the basis (chemical or physical) for the 
selection of young or mature leaves and particu- 
larly difficult to ascertain which leaf types are 
more acceptable (kliller s( Strickler, 1981). 
However, with leaf-cutter ants it is easy to 
separate the importance of chemical leaf traits 
from physical ones and to determine the relative 
acceptability of the leaf types (Waller, 1982; 
Howard, 1987; Nichols-Orians SC Schultz, 1989). 
Thus this system is ideal for elucidating how 
physical and chemical leaf traits may interact to 
influence host selection by herbivores. Here we 
provide evidence that a chemica! trait (possibly 
condensed tannins) and a physical trait (leaf 
toughness) influence the differential suitability 
and susceptibility of young and mature leaves to 
leaf-cutter ants. 

Methods 

Site. The study was conducted at the Organiz- 
ation for Tropical Studies' La Selva Biological 
Station (loo 26' N ,  83" 59' W) in the Atlantic 
lowland near Puerto Viejo de Sarapiqui, Costa 
Rica. This forest is a tropical wet premontane 
forest (Holdridge et af., 1971). and receives a 
mean annual rainfall of 4000 mm (Hartshorn, 
1983). with a short dry season from late January 
to April (La Selva, unpublished records). This 
study was conducted from January to June 1987 
and in January and May of 1985. 

Herbivore and plant species. Colonies of a 
leaf-cutter ant, Arta cephnfofes (L.) ,  are abun- 
dant within La Selva and naturally attack ftiga 
edufis var. minutufa Schery , a tropical legume, 
used in this study. Young leaves are harvested 
more frequently than mature leaves (Nichols- 
Orians, unpublished observations). We located 
ten juvenile f.edulis growing in full sunlight and 
used young and mature leaves of these to test 
for age-specific differences in leaf traits and 
suitability to leaf-cutter ants. I.rditlis leaves are 
compound and produced continuously through- 
out the year. We defined young leaves as those 
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that were nearly expanded and brownish red in 
colour. Leaves that were dark green and located 
two to three leaves away from the young leaf, 
but were devoid of epiphylls, were classified as 
mature leaves in this Study. 

Physical and chemidal leaf trait analyses. We 
measured blade toughness and water content of 
leaves from ten different trees. We collected 
young and mature leaves by cutting them at the 
petiole, cutting the petioles again under water, 
and then placing them in water-filled plastic 
containers (floral water picks) to prevent 
wilting. A spring-loaded penetrometer (Schultz 
& Baldwin, 1982) was' used to assess the grams 
required to penetrate the leaf blade. These 
values were then converted to energy 
(kiloPascals) units. Five readings per leaf were 
averaged. Water content was determined by 
weighing leaves before and after drying them 
for 24 h at 70°C. 

Leaves used for chemical analyses were col- 
lected. frozen within 20 min, freeze-dried, and 
ground to a powder with a UDY Cyclone Mill. 
We made one large collection from ten trees in 
January 1987 and then sampled from a subset of 
these trees in February (n=3), March (n=l),  
April (n=2), May (n= l )  and June (n=4). For 
analysis of protein concentration we extracted 
approximately 20 mg of powder in 10 ml of 
0.1 M NaOH for 2 h in a boiling water bath and 
used Bio-Rad reagent to quantify protein con- 
centration (Snyder & Desborough, 1978; Com- 
pton & Jones, 1985). For phenolic measures, 
we washed approximately 400 mg of leaf powder 
in ether for 30 min before extracting in 70% 
acetone for 3 h at 40°C. We then removed the 
acetone under vacuum, and diluted the extract 
to 10 ml with distilled water. Extracts were 
analysed for total phenolics (Fohn-Denis assay; 
Swain & Hillis, 1959), proanthocyariidin con- 
densed tannins (butanol/HCl method; Bate- 
Smith, 1977), leucoanthocyanin condensed 

. tannins (vanillin method; Broadhunt & Jones, 
1978; Butler et al., 1982), and protein binding 
capacity (haemanalysis; Schultz et al., 1981) 
using methods modified and described in Schultz 
& Baldwin (1982) and Baldwin & Schultz (1983). 
Relative concentrations are expressed as tannic 
acid equivalents per mg dry weight (YoTAE) for 
total phenolinand protein binding capacity and 
wattle tannin equivalents per mg dry weight 
(% WTE) for condensed tannins. The tannic 
acid was obtained from Simga (Lot 1lF-0558) 

and the wattle tannin from Leon Monnier Inc. 
(Acacia sp., Peabody, Mass., U.S.A.). Thus 
far, surveys indicate that phenolics, specifically 
condensed tannins, are the only secondary com- 
pounds abundant in i.edu1i.s (Koptur, 1985). 

We also tested these leaf extracts for inhi- 
bition of fungal enzyme (pectinase) activity. We 
were unable to collect fungal enzymes from the 
ants so we used a purified fungal pectinase of 
Aspergillus niger (Sigma), which degrades leaf 
material in a similar manner (Martin et al., 
1975). Pectinase degrades complex sugars, such 
as sodium polypectate (NaPP), into smaller 
sugar units. Therefor,z the differences in enzyme 
activity in the presence of extracts from young 
and mature leaves were assayed by comparing 
the per cent glucose equivalents released from 
NaPP. The methods employed were modifi- 
cations of those used by Martin et al. (1975) and 
Miller (1959). 100 pi of leaf extract (see extrac- 
tion method described above) was combined 
with 20 pi of diluted pectinase (2 parts 40% 
glycerol to 1 part enzyme solution) and vor- 
texed. (For blanks we used boiled, inactivated 
enzyme and for the control we used distilled 
water instead of leal' extract.) 480 pl of NaPP 
was added to the extract/enzyme mixture and 
incubated for 10 min at 30°C. 1 ml of DNS 
Reagent (Miller, 1959) was added and the entire 
solution placed in il boiling water bath for 
15 min (for best results cover test tubes with 
marbles). The tubes were removed from the 
water bath, allowed to cool, and diluted with 5 
ml of 10% Rochelle's Salt solution (sodium 
potassium tartrate). The absorbance (540 nm) 
was determined with a spectrophotometer. A 2 
mg/ml glucose solution was used to generate 
the standard curve. 

Statistical analyses were done using the 
SYSTAT statistical package. Differences be- 
tween young and mlture leaves in toughness, 
water content, chemistry and enzyme inhibition 
were analysed with an one-way analysis of vari- 
ance (leaf type as thlz main effect). 

Suitability bioassays. Leaves used for bio- 
assays with the leafcutter ant colonies were 
collected in the same manner as those for water 
and toughness determinations. Leaves were 
transported in floral water picks to one of the 
study colonies. We focused intensively o n  three 
colonies and used f . w  others to collect sup- 
plcmental data. All assays were initiated within 
an hour of collecting the leaves and were com- 
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pleted within 2-3 h. Assays were conducted 
in the morning, late afternoon, and early 
evening. 

We conducted four different bioassays to 
assess age-specific suitability to leaf-cutter ants. 
The first two, the ‘pickup’ and ‘cutting’ assays, 
were conducted in 1987 with two colonies 
(numbers 1 and 2) and both assays were done 
with the same leaf material when possible. The 
‘pickup’ assay was designed to determine prefer- 
ences based on chemical differences, defensive 
or nutritional, between leaf types (Howard, 
1987). Two leaf discs (young or mature) pro- 
duced with a standard paper punch, were placed 
beside two discs of a highly preferred control, 
Hamefia patens (Rubiaceae). All foraging ants 
appeared to be capable of picking up these leaf 
discs. The use of a control indicated whether 
ants of these colonies were willing to pick up 
leaf discs and standardized for fluctuations in 
ant activity during each assay replication. 
H.patens was used as the control because of its 
high acceptability to leaf-cutter ants and its 
abundance in the clearing adjacent to the study 
colonies. Only leaf discs from fully expanded 
leaves, located at nodes two to four from the 
terminus, of five different H.patens individuals 
were used as controls. 

To ensure that the ‘pickup’ assays involving 
the two leaf types were independent we separ- 
ated them spatially along the trail and random- 
ized the order of presentation. When one disc 
was removed it was replaced by a like disc. The 
chemical suitability of a given leaf type was 
expressed as the number of leaf discs removed 
when twenty control discs had been removed. 
Each trial was replicated three times and the 
replicates averaged. For each colony, the pickup 
assay was repeated ten times per leaf type, 
using leaves from different plants each time. 
Data were analysed using a Two-way Analysis 
of Variance with leaf type and colony as the 
main effects. 

While it has been suggested that the use of 
controls may affect the ranking of substrates 
(Richardson & Whittaker, 1982), our results 
were identical when the control was not used 
during ‘modified pickup’ assays on five other 
colonies in January and May of 1988 (see Table 
3). In the ‘modified pickup’ assay we counted 
the number of leaf discs (young and mature) 
removed during a given 20 min assay. Two trials 
were completed and averaged for each assay. 

Data were analysed using paired t-test, first for 
each colony and then across all colonies. 

The second assay, the ‘cutting’ assay, was 
used to measure the influence of physical and 
chemical leaf traits on leaf harvesting (Howard 
& Wiemer, 1986; Howard, 1988). The results of 
this assay indicate whether leaf cutters can har- 
vest the more acceptable leaf types. One 48 cm’ 
rectangle was cut from each leaf type and placed 
beside a foraging trail and the number of frag- 
ments cut and removed during the ensuing hour 
was tallied. For plants that produce latex re- 
moving the leaf from the tree would have en- 
hanced the ability of ants to cut leaf fragments 
(Stradling, 1978). I.edufis does not produce 
latex, so leaf removal should not have biased 
our results. (We also measured the leaf area 
remaining at the end of the hour, but because 
the results are identical with either method, we 
are restricting our analysis and discussion to the 
number of leaf fragments cut and removed.) 
This assay was also repeated ten times per 
colony using leaves from different plants each 
time. Again data were analysed using a Two- 
Way ANOVA. 

The third assay, the ‘cutting rate’ assay, was 
conducted on colony 1 in 1987 and colony 3 in  
January of 1988. This assay allowed us to quan- 
tify the effects of leaf type and ant size on 
cutting rate (mm leaf cut/min). Whole young 
and mature leaves, from a subset of trees, 
were placed next to the trail. Ants that in- 
itiated cutting were timed and the length of 
cut measured (n=62). The ants’ head capsule 
widths were measured with a micrometer 
(Wilson, 1980; Nichols-Orians & Schultz, 1989) 
to account for size-specific differences in cutting. 
An Analysis of Variance (head capsule width 
and leaf age as main effects) was used to assess 
the effects of and interactions among ant size. 
leaf age and cutting rate. 

The final assay, the ‘recruitment’ assay. con- 
ducted in January of 1988 with colony 3, inves- 
tigated how age-specific leaf traits may affect 
recruitment of ants to the leaves. We placed 
whole young and mature leaves, in floral water 
picks, off the trail and after 2 h we estimated 
the level of recruitment (none, low or high) and 
intensity of harvest (none, low or high) from 
each leaf type. This was replicated three times. 
We also conducted ‘modified pickup’ assays on 
this colony to assess the chemical suitability of 
young and mature leaves. 



Leaf selection by leaf-cutter ants 315 

Table 1. Physical and chemical traits of young and mature fnga e&h var. m'nurulrr leaves 
[x(SE)I. 

Leaf trait Mature leaves Young leaves 

Toughness (kiloPascals) 371.7 (3.8)' 130.0 (2.7)b 
Water content (%) 56.1 (0.3)' 70.9 (0.2)b 
Protein (%BSA/mg dry wt) 32.2 (0.2)s 39.0 (0.2)b 
Total phenolics (%TAE/mg dry wt) 7.2 (0.1y 11.5 (O.l)b 
Proanthocyanidin ( % W l m g  dry wt) 112.5 (l.2)a 163.9 (2.0)b 
Leucoanthocyanin (% WTElmg dry wt) 36.0 (0.4y 57.4 (0.3)b 
Protein binding (%TAE/mg dry wt) 7.9 (0.1). 13.6 (0.2)b 

Note: all differences significant at RO.01 level. 

Resutts 

Leaf trait analyses 

Mature and young leaves differed for all 
measured traits that could influence their sus- 
ceptibility to  herbivores (Table 1). Mature 
leaves were about 2.9 times as tough as young 
leaves. The water content, protein concen- 
tration, total phenolic concentration, proantho- 
cyanidin and leucoanthocyanin concentrations 
(condensed tannins) were always much higher 
in young leaves than mature leaves (Pc0.01). 
Protein binding capacity of young leaves was 
nearly twice that of mature leaves (P<O.Ol). 
Leucoanthocyanins and proanthocyanidins 
were strongly correlated with total phenolics 
(Peanon correlation coefficients = 0.94, 0.77 
respectively) indicating that condensed tannins 
are the most abundant phenolics in this species. 
Although there was some fluctuation in the 
concentrations of condensed tannins seasonally, 
young leaves always contained more tannin than 
mature leaves (Fig. 1). 
The results of the enzyme inhibition assay 

demonstrate that extracts of young leaves in- 
hibited pectinase activity more than those of 
mature leaves. As compared to  a control (no 
inhibition) extracts of young leaves (n=5)  al- 
lowed only 53% (SE = 1.23) activity while 
those of mature leaves ( n = 5 )  permitted 76% 
(SE = 0.66) activity (P<O.Ol) .  

Suitability bioassays 

During 'pickup' and 'modified pickup' assays 
to assess differences in chemical suitability, ants 
from all study colonies found mature leaves 
more suitable (Tables 2 and 3). During the 

Table 2. Chemical arid chemical/physical suitability 
of young and mature inga cdulis var. minutufa leaves 
to leaf-cutter ants, as measured by the 'pickup' and 
'cutting' assays [mean number removed (SE)]. 

A. Chemical suitability ('pickup' assay) 

Matiire leaves Young leaves 

Colony 1 13.2 (0.5)' 8.5 (0.3)b 
Colony 2 8.2 (0.5)b 2.0 (0.2)F 

Note: Leaf and colony effects significant at P<O.Ol. 
Colony I leaf interaction not significant (P=0.61). 

9. ChemicaUphysical suitability ('cutting' assay) 
~~ ~ 

Mature leaves Young leaves 

Colony 1 11.4 (1.0)s 39.6 (1.5)b 
Colony 2 2.7 (0.2)c' 1.8 (0.2)c 

Note: Leaf and colony effects significant at P<O.Ol. 
Colony I leaf ioteracion significant at P<O.OI. 

'modified pickup' assays sample sizes were often 
too small to obtain significant differences (at 
P=0.05) for each colony but analysis across 
colonies showed that mature leaves were 
removed more readily than young leaves 
(P<O.OI) (Table 3) .  However, I.edulis leaves 
were not equally suitable to  all colonies; colony 
1 removed discs of young and mature leaves 
more readily than did colony 2 (Table 2). 
Although the 'pickup' and 'modified pickup' 
assays are not directly comparable, colony 3 
appeared to  find I .  edufis about as suitable as did 
colony 1. Colonies 4-7 found I.edulis less suit- 
able than did colony 3 (Table 3). 
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Fig. 1. Seasonal variation in proanthocyanidin and leucoanthocyanin concentrations in young (circles) and old 
leaves (triangles). Values expressed as per cent wattle tannin equivalents pcr mg dry weight ?standard error. 

Results of the ‘cutting’ assay indicated that 
there were significant main effects as.well as 
significant colony by leaf type interaction. To 
determine how the colonies’ responses differed 
we ran a one-way ANOVA on each colony. 
This indicated that colony 1 harvested signifi- 
cantly more young leaf fragments than mature 
leaf fragments (F=22.69 ,  df=l ,  PcO.01) but 
colony 2 did not (F=0.60, df=l ,  P=0.45). In 
fact colony 2 harvested very little of either leaf 

type (Table 2). A single outlier (young leaf) was 
removed from the analysis of colony 2 because 
the number of leaf fragments cut and removed 
in that trial was an order of magnitude higher 
than during the nine other trials. 

The ‘cutting rate’ assay conducted on colonies 
1 and 3 showed that ants of all sizes were 
capable of cutting young leaves approximately 
2.5 times as fast as mature leaves (P<O.Ol). 
There was no interaction between leaf age and 

Table 3. The average number (SE) of young and mature leaf discs of Ingu edulir var. minutulu removed by leaf- 
cutter ant colonies during 20 min ’modified pickup’ assays with colonies 3-7. 

‘Modified Colony: 3 4 5 6 7 Total 
pickup’ assay Reps: (n=3) (n=6)  (n=3) (n=2) (n=1) (n=15) 

,Mature No. 25.7 21.2 12.8 11.3 14.0 15.6 
(SE) (2.7) (3.6) (1.6) (0.5) - (2.1) 

Young No. 19.7 9.6 5.s 5.5 4.0 9.9 
(1.6) ( S O  (1.3) (1.8) (0.6) (0.1 ) - 

P-values P=O.O7 P=O.Ol P =o.w P=O.M - P<O.OL 
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ever, these studies have all been qualitative 
(presence/absence of tannin among species), 
and may have missed the concentration- 
dependent role of tannins in this system. Since 
the attine fungus produces polyphenol oxidases 
which can oxidize tannins and other phenolics 
(Cherrett et af., 1989), the ability of tannins to  
inhibit the ants and the fungus may only occur 
at high concentrations. Our results suggest that 
high concentrations cmf tannins, such as those 
found in young I.edwb leaves, may be an im- 
portant influence on foraging by leafcutter ants. 

These results suggest that leafcutter ants are  
capable of determining which leaf type is most 
suitable for fungal growth, although they may 
have ranked the leaf types according to  sap 
quality (Littledyke & Cherrett, 1976). However, 
leaf harvesting is not just a function of chemical 
suitability, it also depends upon the ability of 
leaf-cutters to cut the more suitable leaves. 
Mature leaves of I.edulis are generally 2.9 times 
tougher (Table 1) and are cut 2.5 times slower 
(Table 2) than young leaves. Large differences 
in toughness can prevent some ants from cutting 
mature leaves (Nichols-Orians & Schultz. 1989). 
In this study, during me 20 min period, we 
observed three of twelve ants abandon mature 
leaves before they finished cutting a fragment 
while none of thirteen ants abandoned young 
leaves before finishing i:Nichols-Orians, unpub- 
lished observation). While the toughness of 
mature leaves clearly limited the amount of 
cutting by foraging ant:. we would expect this 
limitation to be even g n a t e r  within the nest. In 
the nest, smaller workeis must cut these mature 
leaf fragments into 1-2 mm pieces prior to  
inoculating them with their fungus (Wilson, 
1980). These smaller workers would prob- 
ably be unable to  cut the mature leaves at  all 
(Nichols-Orians & Schultz, 1989). 

Young leaves are easier to cut and this can 
result in more harvesting from (colony 1) and 
greater recruitment t o  (colony 3) these leaves. 
These results appear to explain why field obser- 
vations of natural herbivory by A.cephafotes on 
1.edulis indicate that young leaves are harvested 
more frequently (Nichols-Orians, unpublished 
Observation). Perhaps they harvest less from 
the mature leaves becaure foraging ants perceive 
them to be unsuitable for the smaller workers 
or simply because they ;ire maximizing the rate 
of substrate acquisition. Regardless of the mech- 
anism. these results suggest that the avoidance 

ant size (head capsule width) for either colony 
(F30.10). When cutting from mature leaves 
ants of colonies 1 and 3 averaged 7.4 and 5.6 min 
per fragment, respectively, but only 2.9 and 
2.3 min for young leaves. 
During the ‘recruitment’ assay, conducted 

with colony 3, there was always extensive re- 
cruitment (level = high) to  and harvesting 
(intensity = high) from young leaves. For one 
of the three mature leaf trials there was no 
ant recruitment (level = none) or harvesting 
(intensity = none). During the other two trials 
there was still no active recruitment (level = 
none) but a few mature leaf fragments had been 
cut and removed (intensity = low). The exten- 
sive recruitment to  and harvesting from young 
leaves occurred despite the fact that ants of this 
colony found mature leaf discs more suitable in 
the ‘modified pickup’ trials (Table 3). 

Discussion 

Chemical and physical analyses of Ingu edulis 
var. m i n u l a  show that young and mature 
leaves differ strikingly in factors that can influ- 
ence their suitability to  Atfa cephalotes. Young 
leaves, although more succulent, tender, and 
nutrient-rich, exhibit much higher levels of con- 
densed tannins and protein binding capacity 
than mature leaves (Table 1). Young leaves 
always contain higher concentrations of con- 
densed tannins than mature leaves (Fig. 1). 
Furthermore, young leaves exhibit greater inhi- 
bition of fungal pectinase activity. Our  results 
are consistent with the general observation that 
condensed tannins seem most effective against 
fungi and theirenzymes (Zucker, 1983). Seaman 
(1984) demonstrated that the growth of an attine 
fungus was inversely related to concentrations 
of tannic acid (a hydrolysable tannin) in its 
growth medium and Cherrett et of. (1989) indi- 
cated that. condensed tannins were even more 
inhibitory. These findings suggest that worker 
ants should be expected to avoid leaves with 
high hydrolysable or condensed tannin concen- 
trations. In fact, A:cephalotes workers found 
high-tannin young leaves less acceptable in our 
pickup assays (Tables 2 and 3). 

Other researchers nave not always found tan- 
nins to be important deterrents to leaf cutter 
ants (Littledyke & Cherrett, lW6; Kawanashi 
& Rauffauf, 1986; Howard, 1987, 1988). How- 
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of very tough leaves is a more important deter- 
minant of colony preferences than the apparent 
chemical suitability of the leaves to the fungus. 

Our results indicate that the frequency of the 
above pattern depends upon the relative ac- 
ceptability of I.edulis to A.cephalotes colonies. 
I.edulis leaves were less acceptable to ants of 
colony 2 than to ants of colonies I and 3 (Tables 
2 and 3). During ‘pickup’ assays with five other 
colonies, the ants removed the control discs 
(Hamelia patem) but completely ignored the 
I.edulis discs. A lower chemical acceptability of 
I.edu1is can influence the willingness of ants to 
cut and transport leaf material to the nest. 
During ‘cutting’ assays ants of colony 2 did little 
harvesting of young or mature leaves (Table 2). 
Causes of variation among colonies in the ac- 
ceptability of I.edulis are unclear. Rockwood & 
Hubbell (1987) attribute this type of pattern to 
habitat quality and Littledyke & Cherrett (1975) 
found that laboratory colonies of leaf-cutter 
ants were less selective when there were short- 
ages of suitable substrate. We believe that 
differences in habitat quality influenced the pat- 
terns which we observed. Colony 1 was located 
in a clearing and the ants only foraged during 
the day and early evening, collecting from 
numerous plant species. They were unable to 
forage when sun hit the trail. During May 1987, 
the colony moved its nest into the adjacent 
forest. Colony 3, active in January of 1988, was 
abandoned by May (Nichols-Orians, unpub- 
lished observation). These observations suggest 
that the original nest locations were unfavour- 
able. Colony 2, however, was in a shaded lo- 
catiowbeneath a number of trees, the leaves of 
which were being harvested by the ants. The 
five colonies which totally ignored t.edu1i.s leaf 
discs were located in or near an abandoned 
cacao plantation, and the ants appeared to be 
harvesting exclusively from the cacao. A favour- 
able physical environment and the proximity 
and abundance of more preferred food could be 
responsible for a lower preference ranking for 
f.edulis by these colonies (Charnov, 1976; Pyke, 
1984; Rockwood & Hubbell, 1987). 

Our results suggest that the extensive use of 
young leaves by leaf-cutter ants in the field 
(Fennah, 1950; Cherrett, 1972; Rockwood, 
1976, 1977; Shkpard, 1985) is influenced by at 
least three factors. For some plant species young 
leaves may be favoured because of their higher 
nutrient concentrations or in others because of 

lower levels of defensive chemicals (Barrer & 
Cherrett, 1972; Littledyke & Cherrett, 1978). 
For other plant species, the toughness of mature 
leaves may dictate this pattern (Cherrett, 1972; 
Waller, 1982; Nichols-Orians 8c Schultz, 1989), 
even when young leaves are less suitable. Since 
young leaves often contain higher levels of sec- 
ondary chemicals than mature leaves (Ikeda et 
al., 1977a, b; Meyer & Montgomery, 1987), 
especially in tropical plants (Coley, 1983; 
Howard, 1988) and mature leaves are often 
very tough (Coley, 1983), leaf-cutter ants often 
may find it more profitable to harvest the less 
suitable young leaves. The frequency of this 
pattern may depend upon species-specific tough- 
ness of mature leaves (Howard, 1988), and the 
relative acceptability of the plant species to the 
ant colonies. 

Other ‘generalist herbivores may be con- 
fronted with similar choices. Physical leaf traits 
that alter harvesting ability may cause a her- 
bivore to select an otherwise less suitable leaf 
type, especially if more chemically acceptable 
leaf types are rare. When herbivores are found 
to consume more young than mature leaves 
(e.g. Coley, 1983), this does not necessarily 
indicate that young leaves are chemically pre- 
ferred; they actually may be more repellent. 
Future work may show that physical and chemi- 
cal leaf traits often interact to influence her- 
bivore host selection. 
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