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Runni ng head: Leaf age choice and fitness effects

I mported willow | eaf beetles Plagi odera versicolora oviposit on
willow | eaves, and both |arvae and adults feed on the leaves. In
the field, eggs were found on | eaves near the center of branchlets,
and the nunber of eggs per cluster was i ndependent of |eaf area and
position. However, in the |laboratory, fenales chose young | eaves
over old | eaves, for both oviposition and feeding and choi ce did not
rely on information on relative position or size of |eaves.
Devel opi ng on young versus old | eaves may provi de bot h advant ages
and di sadvantages. |In the laboratory, |arvae devel oped nore quickly
and attai ned greater adult weight when fed young versus ol d | eaves,
per haps because of increased mandi bul ar wear of l|arvae fed old

| eaves. However, in the field, survival of eggs was | ower on young
versus old leaves. |In the |aboratory, rates of cannibalism and
survivorship to adulthood did not differ on young versus old | eaves.
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| NTRODUCTI ON

Li ke many ani nals, nost insects do not provide parental care after
ovi position. Nevertheless, in sone cases, females may be able to
i nfluence their offspring's fitness by choosing a suitable
ovi position site (e.g., Rothschild and Schoonhoven, 1977; Pierce and
El gar, 1985). Characteristics of such a site would be assessed by
the nother prior to oviposition. Anbng herbivores, one inportant
ovi position site characteristic is | eaf age. The value of a leaf to
devel opi ng of fspring may change with | eaf age, e.g., because of
changes in the chem cal or physical properties of the |eaf
(references in Raupp and Denno, 1983). Here we exanine the effect
of leaf age on oviposition, feeding, and fitness in the inported
willow | eaf beetle Plagi odera versicolora (Laicharting) (Coleoptera:
Chrysonel i dae).

Pl agi odera versicolora is a small netallic blue beetle that feeds
on the | eaves of willow trees both as |arvae and as adults (Hood,




1940). It has been in the United States since at |east the early
1900s (Hood, 1940) and is now common in Illinois, where this study
was done (Breden and Wade, 1985). Fenmles lay clusters of 2 to 48
eggs with an average clutch containing 15-19 eggs (Wade, 1994;

Crowe, 1995a). Upon hatching, the larvae of a cluster feed upon the
| eaf in aggregate. They may nove fromthe natal |eaf individually,
but will reaggregate on a new leaf. They generally remain
aggregated for the first two instars and then becone solitary.

Here we exami ne what age of |eaves fenmles oviposit on, howthis
affects their offspring' s fitness, and how they may be assessing
| eaf age. Young willow |l eaves usually contain nore nitrogen and
noi sture than ol der | eaves and are not as tough (Raupp and Denno,
1983; Raupp, 1985; Denno et al., 1990). However, young | eaves are
al so smaller (see Results and Discussion) and closer to the ground.
Larvae on | eaves closer to the ground may experience greater
predation and are nore likely to be brushed off when branches drag
on the ground or against each other in the wind (Raupp and Denno,
1983).

W exam ne whether the distribution and nunber of eggs in the
field are related to leaf position and |eaf area. W exan ne
whet her femal es preferentially oviposit and feed on young or old
| eaves in the | aboratory, both when [eaf size is not controlled and
when it is.

We al so exanine the effects of |eaf age on offspring fitness.

The effects of |eaf age on offspring size, devel opnent tine, and
survivorshi p have been exam ned previously for P. versicolora in
Maryl and (Raupp and Denno, 1983; see Discussion). Here we reexam ne
those effects with Illinois P. versicolora to test the generality of
the results.

In addition, we extend previous work by exam ning proxinal
nmechani sns by which | eaf age may be affecting size, devel oprment
time, and survivorship. Specifically, we exam ne whether there is
greater wear on the nandi bl es of larvae fed old (versus young)
| eaves. Feeding on old | eaves increases mandi bul ar wear in adults,
t hus reducing feeding rate (Raupp, 1985). W al so exam ne whet her
bei ng ovi posited on a young versus old |eaf affects an offspring's
ri sk of being cannibalized. During the first day after hatching, P.
versicolora larvae frequently canni balize other eggs and |larvae in
their cluster (Wade and Breden, 1986). After cannibalizing, the
larvae rock fromside to side until one breaks through the |eaf
surface; then all the larvae nove to the break and begi n feeding
(Wade, 1994). Cannibalismnmay be | ess on ol der |eaves than on
younger | eaves: |ess cannibalismneans nore |arvae, and nore | arvae
may be needed to break through the tougher surface of ol der |eaves.
Al ternatively, cannibalismmay be greater on older |leaves: a larva
t hat canni bali zes becones heavier (Breden and Wade, 1985), and being
heavy may be necessary to break through the tougher surface of ol der
| eaves. Also, the lower nitrogen content of ol der |eaves, neans
that any nutritional advantage of cannibalismnay be nore inportant
on ol d | eaves.

METHODS
el d survey was done in 1993 on three Babyl on

Field Studies. A fi
(Salix babylonica) |located at two different
li
n

weeping willow trees
sites in Freeport, Il
by searching | eaves o
ground.

The nunber of eggs in each cluster, |leaf position relative to the
apex of the branchlet (1 being the first expanded |eaf at the apex),
and whet her other clusters were |located within 20 cm were recorded.
To determ ne the pre-feeding | eaf size, the leaf was traced on
acetate paper; leaf area was neasured using a digitizing tablet,

nois. P. versicolora egg clusters were found
branchl ets that were within 2 mof the



subtracti ng out damaged areas that were present before the eggs
hat ched.

We used |inear regression to exanine rel ationshi ps among nunber
of eggs in a cluster, |leaf position, and | eaf area. Regressions
were done within sites because of site differences in mean nunber of
eggs per cluster and in size of |eaf on which eggs were |aid.

A second field survey was done in July and August of 1995, on two
of the trees used previously. Relative position of an egg cluster
was cal cul ated as the | eaf position on which the cluster was | ocated
di vided by the nunber of |eaves on that branchlet. W tested
whet her the distribution of relative positions was skewed toward
younger | eaves (Sokal and Rohlf, 1981). Using linear regression, we
also tested for relationships of nunber of eggs with | eaf position
relative position, and nunmber of |eaves on the branchlet.

Survival in the egg stage on young versus old | eaves was exam ned
in a field experinment on Babyl on weeping willow trees in DeKalb, IL.
Branchl ets were selected randomy fromthose that could be reached
fromthe ground fromone tree on 26 July 1995 and froma different
but adjacent tree on 8 August 1995. For each branchlet, 16 eggs
were placed in a cluster on the third leaf fromthe apex, and 16
eggs on the tenth leaf. The eggs were froma | aboratory col ony (see
bel ow). The nunber of eggs remai ning was recorded 3, 6, 18, 24, and
30 h after placenment. Percent renaining was conpared between young
and old |l eaves within each branchlet by paired test.

Laboratory Experinents. The P. versicolora used in the first
| aboratory experiment were collected fromtwo S. babylonica in
Freeport, IL. The P. versicolora used in subsequent |aboratory
experiments and in the field experinent (above) were from col oni es
established with beetles fromseveral S. babyl onica in DeKal b,
[Ilinois. Adult beetles were fed S. babylonica ad libitum either
branchlets in water or |eaves on noistened filter paper

Laboratory experinments were performed in petri di shes containing
noi stened filter paper. Each dish was sealed with parafil mand kept
at 23-26°C, 24 h light. Leaves were fromseveral S. babylonica in
DeKal b, IL. Young |leaves were fromposition five or less fromthe
apex of a branchlet, old | eaves were from position ten or greater
unl ess ot herwi se specified.

The first |laboratory experinent was designed to detern ne whet her
adult beetles chose young or old | eaves for oviposition and feeding
and al so to determ ne whet her feeding on young versus old | eaves hy
of fspring affected of fspring size, devel opnent tine, and
survivorship. Each of 50 experinental adult beetles was placed in a
separate dish with an old leaf and a young leaf. The |eaves were
fromposition 20 or less. Only undanaged | eaves were used because
P. versicolora larvae require a longer time to devel op and obtain a
| ower adult weight when fed damaged | eaves (Raupp and Denno, 1984).
Leaves were taped to the top of the dish to prevent females from
l aying eggs only on the Iid of the dish and to expose the underside
of the leaf, which is where egg clusters are usually found in nature
(Wade and Breden, 1986).

The nunber of eggs on each | eaf and whether the adult beetle fed
on the young and/or old |l eaf was recorded after 24 h and again after
48 h. Eggs laid on the dish, rather than on a | eaf were excluded
fromanal yses. Only beetles that [aid eggs were included in
anal yses of egg nunber because nonl ayers may have been virgin
femal es or mal es.

Each |l eaf with eggs was placed in a separate dish. The emerging
|arvae were fed fromthe sane type of leaf (young, old) as the eggs
had been laid on. The larvae were transferred daily to a new | eaf,
bef ore the previous | eaf had been conpletely consuned. Manually
transferring the | arvae does not affect survival (M Crowe




unpubl i shed data). The pupal stage was nonitored daily; and as
adul ts energed, they were frozen. Total devel oprment tine from day
of oviposition to adult energence was recorded. After energence,
three adults were randomy chosen fromeach cluster, frozen, and
wei ghed. When less than three adults energed, all adults were

wei ghed.

Choi ces of leaf for feeding and for oviposition were anal yzed by
chi-square tests. Nunber of eggs laid, adult weight of offspring,
of fspring survival to the adult stage, and offspring devel opnent
time were conpared between old and young | eaves. The nother was the
sanpling unit: nean weight and devel opment tinme of offspring were
conputed for each nother prior to analysis; when there were data
from both young and ol d | eaves for the sane nother, we randomy
chose a leaf type. This was done to avoid the problemof offspring
fromthe sane nother not being i ndependent sanples. Relationships
bet ween t he neasures of offspring fitness and nunber of eggs laid
were exam ned separately for young and ol d | eaves.

The second experinment was designed to determ ne whether adult
beetl es chose young or old | eaves for oviposition and feedi ng when
| eaf size was controlled. This experiment was simlar to the first
except that beetles were given rectangul ar pieces of |eaves, instead
of entire |l eaves. A young leaf (position 1-5) and an old | eaf
(position 10-15) fromthe sane branchlet were aligned at the base
and equal sized rectangles were cut, centered around the | eaf
mdribs. Only one pair of |eaves was used per branchlet, and only
undamaged | eaves were used

Wi ch | eaf the beetle first fed on or wal ked onto (whi chever cane
first) was recorded if a choice was nmade within one hour. After 24
h, we recorded which | eaf the beetle was on; which | eaves the beetle
had fed on; and the number of eggs on each leaf. Forty beetles were
tested. Leaf choices were analyzed by chi-square tests.

In the cannibalismexperinent, approxinmtely equal nunbers of
eggs froma single nmother were placed on a young | eaf (position 3-5)
and an old leaf (position 11 or greater). There was no difference
in the number of eggs placed on young versus old |eaves (t = 1.70,
df = 14, 2t P = 0.11; range: 6 - 22 eggs). The nunber of |arvae
was determ ned between 24 - 48 hours after hatching and conpared
bet ween | eaf ages.

In the mandi bl e-wear experinent, we exam ned the effect of |eaf
age on wear of larval nandibles by providing |larvae with either only
young | eaves or only old |l eaves. Each replicate consisted of two
petri dishes, one for each host age. Each dish contai ned seven eggs
(n = 16 replicates) or five just-hatched larvae (n = 2 replicates).
Wthin a replicate, eggs and |arvae were fromthe sane nother. The
larvae were fed ad libitumuntil they reached the wandering stage
just prior to pupation. One larva was randomy chosen from each
di sh, frozen, and the |eft nandible was renoved and nmeasured at 16X
using an ocular mcroneter. Nunber of serrations on the nandible
were counted. Length of the side with the |ongest serration, and
depth of the | ongest serration were neasured. Basal wi dth of the
mandi bl e was al so nmeasured as a control for differences in size
unrelated to wear.

Statistical conparisons were by t-tests, or if assunptions of
normality were not net, Mann-Wiitney U or sign tests. |n order to
i ncrease power, we conpared | eaf ages by two sanple tests when there
was no correlation and by paired tests when there was a significant
correlation (Zar, 1984, p. 152). Means are presented with standard
errors and/or ranges. Two-tailed P values are indicated by "2t",
one-tailed values by "1t". One-tailed tests were used when young
| eaves had the presuned advantage of greater nitrogen but not the
presuned di sadvant ages associated with size, predation, and w nd
(see Introduction and Discussion); i.e., in tests of weight and



devel opnent duration in the first |aboratory experinent, in the
second | aboratory experinent, and in the nmandi bl e-wear experinent.

RESULTS

Field Studies. 1In the 1993 field survey, twenty-eight egg
clusters were | ocated, eighteen at one site and ten at the other
About 70% of the clusters were on the undersides of |eaves at both
sites. Only two of the twenty-eight |eaves had any pre-feeding
damage. Three of the twenty-eight egg clusters (11% were within 20
cm of another cluster.

Leaf area was greater farther fromthe apex of the branchlet at
both sites (Fig. 1). Number of eggs in a cluster ranged from5 to
27 and was not significantly related to | eaf position at either site
(R = 0.0017, df =16, 2t P =0.87; R = 0.011, df =8, 2t P = 0.77).
Nurmber of eggs in a cluster also was not significantly related to
| eaf area at either site (R = 0.00025, df = 16, 2t P = 0.95, R =
0.096, df =8, 2t P = 0.38).

In the 1995 field survey, there were 14 £ 1 eggs per cluster
(range 3-24, n = 28). The 28 branchlets sanpled had 28 = 2 | eaves
per branchlet (range 4-60). The position of egg clusters ranged
from2-26 with a nean of 13 £+ 1. Relative position of these
clusters was nornmally distributed half-way up the branchlet (0.50 *
0.04, 0.14-1.00) with no skew toward younger or ol der |eaves (test
for skewness: t = 1.25, df =8, 2t P > 0.20). There were no
rel ati onshi ps between nunber of eggs and either |eaf position (R
0.03, df =26, 2t P = 0.35) or relative position (R = 0.0014, df
26, 2t P = 0.85). However, nunber of eggs in a cluster decreased
wi th nunmber of |eaves on the branchlet (Fig. 2).

In the field experinent to test egg survival, on the first
experimental date there were no significant differences in nunber of
eggs on old versus young | eaves after 3 h and after 6 h (Table 1).
However, after 18, 24, and 30 h, nore eggs renmi ned on old than on
young | eaves. On the second date nore eggs renai ned on old than on
young | eaves from3 h on (Table I). Ants were observed on two of
the branchlets on the first date. |t rained between the sixth and
ei ghteenth hours on the second date

Laboratory Experinments. In the first |aboratory experiment in
which | eaf size was not controlled, 27 beetles laid eggs. Twenty-
one femal es oviposited on only one type of leaf, with nore fenales
choosing to oviposit on young | eaves than on old | eaves (16 versus
5, XX =5.8, P<0.05. 'Six of the 27 femal es ovi posited on both
young and ol d | eaves. Fenmles that |laid eggs on both | eaves |laid
just as many eggs per leaf as females that laid on only one | eaf
type (on young leaves: t = 0.53, df = 20, 2t P = 0.60; on old
leaves: t = 0.05 df =9, 2t P=0.96). There was no significant
difference in nunber of eggs laid on young | eaves versus old | eaves
(nmean (range): 14 (6 - 39) versus 13 (5 - 27); U=59.5 n, =19, n
=8, 2t P=0.38).

O the 27 egg-laying nothers in the first experiment, 25 ate
young | eaf exclusively; one ate fromboth the young and the old
| eaves; and one did not eat. Anobng the 23 beetles that did not |ay
eggs, 16 ate young |l eaf exclusively; four ate fromboth the young
and the old | eaves; three did not eat.

O fspring were heavier and devel oped nore qui ckly on young than
on old leaves (6.6 ng + 0.2 versus 6.0 + 0.3, t = 1.69, df = 25, 1t
P = 0.05; 16.0 days + 0.3 versus 17.3 + 0.7, t = 2.15, df = 25, 1t P
= 0.02). Ofspring survivorship did not differ with type of |eaf on
which the offspring fed (t = 1.18, df = 25, 2t P = 0.25).

There was no rel ationship between any of the neasures of
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of fspring fitness and nunmber of eggs laid on either young or old

| eaves. Larval survivorship was not related to the nunber of eggs
laid on young leaves r = 0.14, n =19, 2t P = 0.58) or on old | eaves
(r =-0.11, n =8, 2t P =0.30). Likew se, devel opment duration was
not related to the nunber of eggs laid on young leaves (r = -0.20, n
=19, 2t P =0.41) or on old leaves (r = -0.20, n =8, 2t P = 0.64).
Adult weight of offspring was not related to the nunber of eggs laid
for young leaves (r = 0.017, n =19, 2t P = 0.95) or for old | eaves
(r =-0.25, n =8, 2t P = 0.55).

In the second | aboratory experinment, in which |eaf area was
controlled, femal es showed simlar preferences as when | eaf area was
not controlled. Wthin the first hour, approxi nately equal nunbers
of adult beetles wal ked onto or fed on young | eaves first versus old
| eaves first (14 versus 11, X = 0.4, P> 0.50). At the end of 24 h
no fenal es had ovi posited on both | eaves. Mre fenales oviposited
on young | eaves than on old | eaves (12 versus 3, X = 5.4, P <
0.03). In addition, females laid nore eggs on young than on old
| eaves (18.6, 8-30 versus 10.3, 6-18; Mann-Wiitney U= 5.0, 1t P =
0.03). Twenty-three beetles did not oviposit, and 2 oviposited only
on the dish.

At the end of 24 h, 3 of 40 beetles ate approxi mately equa
amounts of both |leaf types. The other 37 beetles showed a
preference, with nore beetles eating nostly young | eaves than eating
mostly old | eaves (31 versus 6, XX = 5.4, P < 0.03). Those
preferring young | eaves usually also ate sone of the old leaf: of
the 31 and 6 preferring young and old respectively, 7 ate only young
| eaves and 4 ate only old leaves. After 24 h, nore adult beetles
wer e ?n young | eaves than on old | eaves (20 versus 5, X =9.0, P <
0. 005).

In the cannibalismexperinment, there was no difference in the
proportion of beetle imuatures that survived on young versus old
| eaves (0.50 £ 0.06, range: 0.08 - 1.00 versus 0.46 = 0.04, range:
0.20 - 0.77; t = 0.86, df = 14, 2t P = 0.40).

In the mandi bl e-wear experinment, larvae that ate old | eaves had
significantly shorter nmandi bles than did | arvae that ate young
| eaves (Table Il). In contrast, mandible width, serration depth and
nunber of serrations did not differ with | eaf age. Mst (29 of 35)
| arvae had four serrations on their nandible; 4 had three; 2 had
one.

DI SCUSSI ON

In the field, P. versicolora egg clusters tended to occur on
| eaves | ocated m dway up branchlets, rather than on the youngest or
ol dest leaves. Cdutch size was unrelated to |leaf position or |eaf
area. Similar field observations of egg and larval distributions in
relation to | eaf age have been used to suggest that fenales do not
preferentially oviposit on younger |eaves (Raupp and Denno, 1983).
However, we found that when given a choice in the |aboratory, female
P. versicolora preferentially oviposited their egg clusters on
younger | eaves, regardl ess of whether or not we controlled for |eaf
size. In addition, when |eaf size was controlled, the nunber of
eggs |l aid on young | eaves was greater than the nunber laid on old
| eaves.

One explanation for the discrepancy between field and | aboratory
results is that eggs may disappear in the field between the tine of
ovi position and when they are counted: in particular, the greater
| oss of eggs on young | eaves than on old | eaves (see bel ow) nay mask
any oviposition preference for young |leaves. Alternatively, the
di screpancy between field and | aboratory results nay be related to
ot her differences between young and old | eaves that are present in
the field but not in the |aboratory, e.g., tenperature, |ight,



hum dity, distance fromthe base of the branchlet. Such differences
m ght change the rel ative advantage of ovipositing on young | eaves
versus ol d | eaves and/or such differences night be cues that fenales
use in choosing the [eaf on which to oviposit. Anmong herbivore
speci es, which age of |eaves are preferred for oviposition and
feedi ng appears to be variable (references in Raupp and Denno, 1983;
Mari no and Cornell, 1993; Skinner and Cohen, 1994; W/ son, 1994,
Bentz et al., 1995; Liu and Stansly, 1995); although chrysonelids
general |y prefer younger |eaves (references in Floate et al., 1993).
Pl agi odera versicolora's preference for younger |eaves does not
require information on relative position of |eaves nor |eaf size, as
is also the case in the chrysonelid Haltica Iythri for adult and
[ arval feeding (Phillips, 1976) and in the twospotted spider nmite
for adult feeding and oviposition (WIson, 1994). However, in our
study and these ot her studies, whether relative position al so

i nfl uences | eaf choice, i.e., when leaf quality is controlled or
reversed, remains to be determned. Ovipositing whiteflies, Benisia
argentifolii, discrininate both with and w thout position cues (Liu

and Stansly, 1995). Pl agi odera versicolora adults showed no
propensity to approach young | eaves before old | eaves. The sensory
node used in | eaf age preference renmamins to be determ ned.
Correl ati ons between concentrations of certain chemnicals and | eaf
age suggest that insect herbivores may al so use |eaf chemicals to
di scriminate anong | eaf ages (e.g., Skinner and Cohen, 1994; Bentz
et al., 1995), or they may use physical features of |eaves. Leaf
age discrimnation for feeding does not require visual cues in the
chrysonelid Haltica Iythri (Phillips, 1976) and appears to be by
| eaf pal pation in the chrysonelid Paropsis atomaria (Larsson and
Chmart, 1988).

Qur study suggests that an advantage to preferentially
ovi posi ting on younger |eaves may be qui cker devel opment of
of fspring. Mre rapid devel opnent may decrease tine spent in the
first instar, which is when P. versicolora | arvae appear to be
particularly vulnerable to attack by coccinellid | arvae (Raupp and
Denno, 1983). |In addition, faster developnent will increase fitness
by reducing generation tinme, provided popul ati on size is increasing
(Lewontin, 1965; Stearns, 1992). Ofspring also attai ned greater
adult wei ghts when they fed on younger |eaves. However, greater
adult weight may not lead to greater fitness in the field for P.
versicolora (Crowe, 1995a; unpublished data).

The | onger devel opnent and | ower weight of | arvae fed ol der
| eaves may be related to the increased wear of their nmandibles.
I ncreased wear of the mandi bl es was indicated by shorter mandible
I ength of larvae that had fed on old | eaves versus young | eaves.
I ncreased wear may cause larvae to have to feed for |onger to eat
enough to reach adult size. Mandibular wear in the |larval stage
woul d presunably be even greater if it were not for the replacenent
of the nandi bl es between instars at nolting. Plagiodera versicolora
adults that feed on ol der |eaves al so exhibit increased mandi bul ar
wear and subsequently | ower |eaf consunption rates (Raupp, 1985).

The rapi d devel opnent of P. versicolora |arvae on young | eaves
nm ght be expected to select not only for nothers that preferentially
ovi posit on young | eaves, but also for larvae that preferentially
seek out young |l eaves to feed on when they di sperse fromwhere they
were oviposited. Larvae do not show any preference in | aboratory
choi ce experinents, regardl ess of |larval age (Crowe, 1995h).
However, 1f nmothers oviposit on young |eaves, |larvae will "choose"
young | eaves sinply by moving to nearby | eaves.

Al t hough the qui cker devel opment on young | eaves than on old
| eaves suggests a sel ective advantage to ovipositing on young
| eaves, there al so appear to be di sadvantages. Survival of eggs was
| ower on younger | eaves than on older leaves in the field. This




survival effect may have been due to predation or to eggs being
knocked of f | ower-hangi ng (younger) |eaves by rain or by novenent of
adj acent branches in the wind (Raupp and Denno, 1983). Ants were
observed on branchl ets during one experinmental date. Although ants
have not been recorded as predators of P. versicolora eggs (Wade and
Breden, 1986), ants do predate eggs of another chrysonelid,
Chrysonel a crotchi (Smereka, 1965).

In contrast to the effect of |eaf age on survivorship of eggs in
the field, leaf age did not affect survivorship fromegg to adult in
the I aboratory. The effect of |eaf age on survival to adulthood in
the presence of predators renmmins to be determ ned.

Anot her potential disadvantage to ovipositing on young |eaves is

their small size. [If the anmount of usable nutrition a leaf provides
is proportional to its size, smaller |eaves nay provide | ess usable
nutrition. In which case, snaller |eaves mght require nore

interleaf novenment by the larvae. Wether this is the case and the
ri sks of such dispersal remain to be determ ned.

Effects of |eaf age on P. versicolora fromlllinois (this study)
are generally consistent with effects on P. versicolora from
Maryl and (Raupp and Denno, 1983). Maryland eggs are al so found near
the mddle of branchlets, and |arvae tend to be on the sane ages of
| eaves as eggs. As in our study, Maryland P. versicolora are |arger
and devel op nore quickly when the |arvae feed on younger |eaves, and
survivorship of eggs is | ower on younger |eaves. Wereas we found
no effect of |eaf age on larval survivorship, Raupp and Denno (1983)
found that survivorship of Maryland | arvae decreased with | eaf age
in one experinent, although not significantly in another experinent.

The generally negative effects of |eaf age on larval fitness in
P. versicolora i1s consistent with results in nost, although not all
ot her herbivorous insects (reviewed in Raupp and Denno, 1983; also
Schroeder, 1986; Danman, 1987; Larsson and Chmart, 1988; Quiring,
1992; Kouki, 1993; Hayashi et al., 1994; Stanp and Bowers, 1994,

Wl son, 1994; Bentz et al., 1995). CQur results suggest that effects
of leaf age on larval fitness in P. versicolora may be nedi ated at
least in part through effects of |eaf toughness on mandi bul ar wear
but not through effects of |eaf age on cannibalism Further study

i s needed of the mechani snms by which | eaf age influences fitness and
mat er nal choi ce.

Adults in our |aboratory experinents chose not only to oviposit
preferentially on younger |eaves, but also to feed on them Adult
P. versicolora are found on young |leaves in the field, in fact, on
younger | eaves than are eggs (Raupp and Denno, 1983). Adults that
feed on younger |eaves have increased fecundity (Raupp and Denno,
1983). Feedi ng on younger |eaves results in considerably |ess wear
on their mandi bl es, which increases rate of |eaf consunption, which
i ncreases egg production (Raupp, 1985). Feeding on younger |eaves
may al so increase egg production because of the greater anpunts of
nitrogen in younger |eaves. Effects of |eaf age on adult |ongevity
have not been exam ned.

We found no rel ati onship between the nunber of eggs in a cluster
and | arval survivorship in the |aboratory. 1In previous field
studies of P. versicolora, larval survivorship either generally
i ncreases with group size (Breden and Wade, 1985) or increases as
t he nunber of larvae increases to sixteen, then begins to decline
(Crowe, 1995a).
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Table I. The Nunber of Eggs (out of 16) that Renmined on
Young versus O d Leaves after 3 to 30 h*

Tree 1, date 1

Young Leaf ad Leaf

Mean M ni mum Mean M ni mum Pai red Conpari son
3 h 15.5 10 16.0 16 Sign test, 1t P = 0.25
6 h 14. 8 3 16.0 16 Sign test, 1t P = 0.13
18 h 14.5 3 16.0 16 Sign test, 1t P = 0.03
24 h 11.3 0 15.1 5 t =2.7, 1t P=0.01
30 h 7.8 0 13.8 0 t = 3.5, 1t P = 0.001
Tree 2, date 2

Young Leaf ad Leaf

Mean M ni mum Mean M ni mum Pai red Conpari son
3 h 12.2 0 15.3 16 t =2.8 1t P=20.01
6 h 10.3 0 14. 4 0 t =2.3, 1t P=0.02
18 h 7.2 0 13.3 0 t =3.8, 1t P < 0.001
24 h 7.2 0 13.3 0 t =3.8, 1t P < 0.001
30 h 6.2 0 13.8 0 t = 4.7, 1t P < 0.001

a

n = 20 clutches per |eaf type per tree; maxi num egg nunber was al ways 16

Table Il. Mandi bl e D nensions (nm of Larvae that Fed on
Young (n = 18) versus Ad (n = 17) Leaves
Young Leaf ad Leaf
Mean + se Mean + se
(Range) (Range)
Length 2.82 + 0.04 2.71 £ 0.04 t = 2.19
(2.60 - 3.14) (2.43 - 2.90) 1t P = 0.02
W dth 1.93 £ 0.02 1.95 £ 0.03 t = 0.56
(1.81 - 2.12) (1.73 - 2.20) 1t P = 0.29
Serration Depth 0.24 £ 0.02 0.22 £ 0.02 t = 0.68
(0.08 - 0.39) (0.08 - 0.31) 1t P = 0.25
# of Serrations 3.89 £ .0 3.53 £ .2 U= 132.0
(3 - 4) (1 - 4 1t P = 0.15
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Fig. 1. Leaf area versus position of the branchlet fromthe apex (o
one: r 0.86, n 18, 2t P < 0.001; area = 0.57 position + 1.48;
two: r 0.75, n 10, 2t P = 0.01; area = 0.39 position + 3.33).

Fig. 2. Nunber of eggs in a cluster versus nunber of |eaves on the
branchlet (R = 0.17, df = 26, 2t P = 0.03, nunber of eggs = -0.19 nunber
of leaves - 0.41).
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