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Is plant chemistry determining
mortality and dispersal of young
Epirrita autumnata larvae?

SAMANTEKT

bad er naudsynlegt ad dkvarda pa peetti sem valda mismunandi lauf-
skada ef skilja & préun varna gegn jurtazetum. Uti { nattirunni er tvennt
sem orsakar pad ad einstok tré verda fyrir meiri laufskada en 6nnur tré
sému tegundar, nefnilega: pad getur stadid undir fleiri jurtazetum, eda
hver einstok jurtageta getur étid meira magn laufa meelt 1 lifmassa. Mis-
munur { atferli vid feedunam sem ekki orsakar dauda lifverunnar mun
adallega hafa ahrif pad hvad lirfustigid varir lengi og endanlega staerd
jurtazetunnar, 8 medan breytileiki i fijdlda jurtacetna mun ad likindum
akvarda mun i laufskada plantna innan pléntustofnsins.

Val skordyra 4 varpstad, og dreifing og afféll & ungum lirffum akvarda
sennilega fjolda skordyra sem neerast 4 tiltekinni plontu, bad er vitad
fyrir haustfidrildid, Epirrita autumnata, ad maedur eru ekki vandfysnar
pbegar peer eru ad verpa. Hinsvegar er litid vitad um dreifingu og affoll
a ungum E. autumnata lirfum. Hér syni ég nidurstodur Gr tveimur til-

_raunum bar sem svifdreifing & spunapraedi, og afféll a ungum lirfum
voru athugud a einstokum birkitrjdm sem vitad var ad h6fdu mismun-
andi lifefnasamsetningu. Nidurstodur dGr pessum tilraunum benda til
ad geedi laufanna geti haft ahrif 4 affoll hja ungum E. autumnata lirfum,
en séu ekki likleg til ad hafa ahrif & dreifingu peirra.

Traits affecting oviposition selec-
tion, dispersal and mortality of
young larvae could be consid-
ered as the most efficient plant
defenses against herbivorous
insects since they will determine
the final number of consumers
sustained and, thus, the defolia-
tion experienced by different
plants. Instead, plant characteris-
tics modifying feeding behavior
without affecting mortality of
individuals (i.e., per capita con-
sumption), will mostly determine
affect the length of larval period
and the final size of individuals

that will not drastically change
the defoliation of the plant in the
current season. Furthermore,
both aspects may be determined
caused by the same factors with
additive or non-additive effects,
and they can also modulate the
responses of the natural enemies
of the herbivores (Leather and
Walsh 1993, Thompson 1988a,
Hunter and Elkinton 2000).
Furthermore, distinguishing
these different steps in the inter-
action between plants and her-
bivorous insects can be also is
relevant to understand the evolu-
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tion of their relationships since
mother selection and young lar-
vae selection both imply active
selection by the herbivore who
would in turn play the role of
selection pressure on plant char-
acteristics. whereas, survival of
young larvae implies differential
mortality and thus plants would
be in this case the setection
pressure on herbivores (Thomp-
son 1988b). Only detailed field
studies of herbivore densities
and defoliation can distinguish
these different sources of varia-
tion under natural conditions
(e.g.. Hunter et al. 1997, Hunter
and Elkinton 2000). In addition,
indoor controlled experiments
may be useful, however, to evalu-
ate the potential relevance of
these different stages and spe-
cially to discard those with low
possibilities to affect the inter-
action between particular
species.

The interaction between the
autumnal moth (Epirrita autumnata
Bkh.) and one of its main host
plants the white birch (Betula
pubescens), has been studied from
many different perspectives
{Ruohomaki et al. 2000 and refer-
ences therein). Epirrita autumnata is
a univoltine geometrid species.
individuals overwinter as eggs,
and the new generation hatches in
spring, when synchrony with leaf
flush is important for larval devel-
opment (Ayres and MaclLean
1987). Duration of the larval stage
depends on temperature and
foliage quality. The pupal mass
reached at the end of larval devel-
opment is a good estimate of real-
ized adult fecundity (Tammaru et
al. 1996). The short-lived adults
eclose in autumn. Females do not
usually fly before oviposition and
they are not selective while ovi-
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positing (Tammaru et al. 1995,
1996). Although E. autumnata lar-
vae are polyphagous leaf chewers,
mountain birch Betula pubescens
subsp. czerepanovii (Orlova) Hamet-
Ahti, due to its abundance. is their
main host plant in Northern
Fennoscandia (Kallio and
Lehtonen 1973), where the
species periodically cause severe
defoliations. Mountain birch
leaves contain relatively high lev-
els of different phenolic com-
pounds (Ossipov et al. 1997)
whose quantities vary among indi-
vidual trees and with leaf develop-
ment (Suomela et al. 1995, Nurmi
et al. 1996), and can affect E.
aulumnala performance (e.g.,
Kause et al. 1999). Among these
phenolic compounds high gal-
lotannin concentrations are char-
acteristic of young developing
leaves (Ossipov et al. 1997, Kause
et al. 1999) and thus, they are
potentially suitable defensive
compounds against the earliest
season leaf feeders the neonate
larvae of E. autumnata. However,
little is known about the effects of
birch chemistry on dispersal and
mortality of young E. autumnata
larvae. o
The dispersal of neonate larvae
by baltooning has been describ-
ed in some other Lepidopteran
species such as Lymantria dispar
(Lymantriidae) (Hunter and
Elkinton 2000, Operophtera bruma-
ta (Geometridae) (Tikkanen
2000), Orgyia vetusta (Lymantri-
idae) (Harrison 1995), and Thyrid-
opterix ephemeracformis (Psychidae)
(Ghent 1999), in relation to host
plant species, budburst phenolo-
gy, natural enemies and abiotic
conditions. None of these stud-
ies has tried, however, to test if
larvae can use the same mecha-
nism to discriminate conspecific
plants differing in leaf character-
istics other than phenology (but
see Harrison 1995). Here | pre-
sent results from two experi-
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ments where ballooning disper-
sal, and mortality of young larvae
were studied in individual moun-
tain birches known to differ in
their foliage chemistry.

Materials and methods
Ballooning experiment

Ballooning studies were carried
out on early June 1998 using the
same 30 mountain birch trees
whose leaves had been previous-
ly analyzed and tested for quality
as food for E. autumnata larvae
(Lempa et al. 2000). Two other
substrates than mountain birch,
a glass bar and a branch of pine,
were also used to test the capa-
bility of E. autumnala larvae to
balloon under laboratory condi-
tions. As a standard procedure a
table home ventilator (Finca©)
was used to produce a continue
air flow that allow larvae to es-
cape from the host using silk fila-
ments (‘ballooning’). Both larvae
found on the table and those
observed while ballooning were
recorded as ‘ballooning’ individ-
uals. All the experiments were
done at room temperature
(22-23 °C). Larvae used in both
experiments belonged to labora-
tory reared strains maintained at
Kevo Subarctic Research Insti-
tute Field Station.

Fourteen neonate larvae of E.
autumnata were placed with a fine
brush at different portions of a
thin glass bar in which three rub-
ber elastic bands were placed to
provided larvae with irregulari-
ties that helped them larvae to
stay in the artificial branchbar.
The number of larvae remaining
in the bar and ballooning were
recorded every five minutes for
150 min. In addition, a small por-
tion of a pine branch was cut and
placed in water. Epirrila autumnata
larvae were transferred there and
subsequently monitored record-
ing the number of individuals
ballooning. This procedure was

conducted on three different
dates 11, 17 and 22 of June.

On 12 June, a branch containing
at least 18 short shoots was cut
from every study tree
(N = 30). Branches were kept in
cold while collecting and immedi-
ately carried to the lab where they
were placed in water to avoid des-
iccation of leaves. Branches were
all starting to open their buds but
leaves could not be observed yet.
Eggs from six different broods
were mixed and the hatched lar-
vae were randomly distributed
among trees. Fifteen larvae were
transferred to each stembranch
trying to place them around the
same point, selecting some stem
bifurcation if available.

Greenhouse experivent

The experiment was carried out
in March 1999 at Satakunta
Environmental Research Centre.
I used 3 years potted mountain
birch saplings obtained from
seeds that were three years old
at the time of the experiment.
These saplings were obtained
from seeds that belonged to
seven identified trees whose
foliage chemistry was well-known
(Lempa et al. 2000). For this
experiment we selected seven
mother the selected trees that
comprised a broad variation in
concentrations of proteins and
total gallotannins (Table 1). Four
saplings per mother tree of simi-
lar size, phenology and appear-
ance were used as replicates.
Pots were placed on Petri dishes
(12 cm diameter) containing
water to avoid larval movements
among plants. The system was
proved to be effective for this
purpose, since some of the dead
larvae were found within the
Petri dishes, and it was also used
as watering system and its level
was checked every day adding
more water when necessary con-
trolling the level of water daily.
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Table 1. Mean concentrations (mg/g) of total phenolics, gallotannins, carbohy-
drates and proteins of the birch trees included within each class, number of trees
in brackets. Values correspond to leaves collected in late June 1997, Different

letters indicated significant differences between classes at P < 0.05 (Student- g ?
Newman-Keuls analyses). g “
§ "
o
Class ,! Total phenolics !Toml pallotannins | Total carbohydrates | Total proteins s
! - "
Gallotannins °
( 1 3
High (1) 142.17 a 27.61 a 85.57a 178.29 a " NUMBER OF BALLOONS (outof 15
Medium (3) | ! 17.32 a 11.79 b 113.64 a 135.75a
1Q BT 1 Fig 1. Percentage of birch trees from
/ 93.78 g 224 ¢ 114.09 62 ¢ A .
Low (3) i 2 2 il which we observed different numbers
| Proteins _ of neonate Epirrila autumnata larvae
High(3) 12094 15042 103.17 a 169.43 a ballooning.
Low t4) 103152 0152 11482 a 11578 b

All pots were placed in 4 rows (=
blocks) in the same greenhouse
bench with a randomized block
design and saplings from each
mother-tree were randomly
located within rows, separated by
10 cm, with double distance
between rows.

Overwintering E. aulumnata eggs
were taken from seven different
broods and placed at room tem-
perature until they hatched. One
larva per family was placed on
each plant up to a total of seven
larvae per sapling. Larvae were
allowed to freely feed within the
assigned plant. After molting to

the second instar every larva was

individually weighed, marked with
fast drying paint, and reweighed
after marking. Weight at the end
of the instar was also recorded,
and growth during the instar was
thus estimated as the difference
between final weight and weight
after marking.

Data analyses

All statistical analyses were con-
ducted with SAS-package (SAS
Institute 1996).

Differences between mother
trees (trees hereafter) in the pro-
portion of larvae that ballooned or
survived to the end of second
instar was analyzed by fitting a
Generalized Linear Model (GEN-
MOD Procedure, distribution =
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binomial, link function = probit;
SAS Institute 1996). Overdisper-
sion problems associated with the
binomial distribution models
were controlled by estimating the
dispersion parameter as Pearson’s
chi-square (SAS Institute 1996).

In the case of survival in the
greenhouse experiment pre-
planned contrasts between trees
differing in either concentration
of gallotannins, concentration of
proteins, or both were done to
test whether these factors were
affecting affected larval survivor-
ship. Variation among trees on

~growth during second instar was

also studied. Since growth of lar-
vae was normally distributed, dif-
ferences between trees were ana-
lyzed by fitting a General Linear
Model (GLM Procedure). Again
pre-planned contrasts between
trees differing in either concen-
tration of gallotannins, concen-
tration of proteins, or both were
conducted to test for the effects
of these factors on larval growth.
Power of the design to detect dif-
ferences between trees was cal-
culated with GPOWER (Buchner
et al. 1997), note that the power
of pre-planned contrasts is al-
ways higher (SAS Institute 1996).
Larvae that lose their mark or
were weighed after molting to
3rd third instar were excluded
from growth analyses.

Results

Ballooning experiment

The experimental procedure was
found to be effective since most
of larvae placed on both the
glass bar and the pine branch
moved away in less than one
hour. However, only 14 out of
459 neonate larvae did balloon
from the stems of mountain
birch branches of the 30 experi-
mental birch trees. Although
these balloons were not uniform-
ly distributed among trees
(Wald's ¥? = 131.6,df = 28, P <<
0.0001) in no case we observed
more than 3 larvae ballooning
(Fig. 1) suggesting that variation
is very low and presumably bio-
logically irrelevant.

Greenhouse experiment
Only two larvae out of the 196
initiatly placed on plants did not
survive to the second instar.
Mean (£ SD) larvae body mass at
the beginning of the second
instar was on average (+ SD) 0.73
+0.12 mg, and differences in the
mean body mass of larvae feed-
ing on different trees were not
statistically significant (P > 0.5).
Power of the design at P =0.05
was higher than 0.90 from an
effect size of 0.31, that represent-
ed a difference of 0.037 mg in
larval weight.

Eighteen percent of the larvae
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died during the second instar.
Larvae that survived were signifi-
cantly heavier at the beginning of
the instar {(0.75 = 0.11 mg) than
those that died (0.68 = 0.13;

Fy 177= 115, P =< 0.0009001).
Survival rates varied between
trees in such a way that differ-
ences were statistically signifi-
cant for the interaction between
proteins and gallotannins levels
(Table 2) with survival being
higher in trees with low levels of
both (96 %) than in those with
high levels of both (70 %).

An increment of protein concen-
tration increased mortality

(Fig. 2a). particularly when gal-
lotannin levels were low (Table
2}. The increment of gallotannins

also increased mortality (Fig. 2b),

although differences were only
marginally significant when pro-
tein concentration was low
(Table 2), and non significant
when concentration of proteins
was high (Table 2).

As regards growth, the mean
increment of body mass during
the second instar was 1.79 mg
(+0.37), and the mean larval
mass at the end of the instar was

2.54 mg (+ 0.41). 1 did not find

significant differences between
growth of larvae feeding on
different trees, and none of the
pre-planned contrasts was
statistically significant
(P>0.5).
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Fig. 2. Epirrita aulummnala survivorship
observed in the greenhouse experi-
ment depending on a) proteins concen-
tration, b) gallotannins concentration.

Discussion

Life-history traits have been sug-
gested to modulate the selective
behavior of Lepidopterans (Tam-
maru and Haukioja 1996). Simple
non-selective oviposition behavior
is usually associated to
polyphagous species with non-
feeding adults and a low flight
capability of the females. Poly-
phagy decreases the risks of non-
selectivity but still there might be
a conflict between mother selec-
tion and offspring performance

Table 2. Results of the Generalized Linear Model fitted to test for differences in
survival of second instar E. aulumnata larvae between trees differing in concentra-
tion of either proteins, gallotannins, or both.

| gallotannins are medium

Contrast Compared trees Wald’s ¥’ l P
Between gallotannin fevels when

paotanmn levels wie 7vs. 9 0.11 0.74
concentration of proteins is high - L
Between gallotannin levels when

eeLggrorannin levels wher 2127 vs. 4,11 1536 0.02

concentration of proteins is low e
Between protein concentrations when

p DRSS 11 vs.29 4.15 0.042

Between protein concentrations when
| callotannins are low

7 vs. 21,27 9.90 0.0017

Low proteins low gallotannins vs. high
roteins high gallotannins

21,27 vs. 9 12.37 0.0004
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(e.g.. Nylin and Janz 1996). Larval
dispersal may contribute to allevi-
ate this conflict, and in fact bal-
looning has been linked to flight-
less (Roff 1990) and hence to the
same group of Lepidopteran
species described above. Epirrita
autumnata has been classified
among capital breeders even
when adult females can eat and fly
because they do not apparently
do it (Tammaru and Haukioja
1996, Ruohoméki et al. 2000),
ovipositing females do not select
between host and non-host
species nor between birch trees
differing in leaf quality (Tammaru
et al. 1995). However, under labo-
ratory conditions larval perfor-
mance is affected by the individ-
ual host-tree in which they feed
(e.g.. Kause et al. 1999, Lempa et
al. 2000) suggesting that individ-
ual trees differ in their quality as a
host. It rested to know whether
larvae were more prone to dis-
perse from trees where their per-
formance was worse and here |
checked it by using the same trees
than Lempa et al. (2000). Results
from the ballooning experiment
suggested that neonate larvae
have the capability to move from
the plant in which they hatch but
this behavior is only used when
there is no food available (e.g.,
when they hatch in a non-host
plant), but not for selecting host
quality at intraspecific level.
Similar results have been found by
Harrison (199%) in Orgyia vetusta,
larvae only dispersed from dead
bushes but did not moved away
from live respond bushes differing
in their to the level of defoliation
level of alive bushes. Thus, risks
associated to this type of uncon-
trotled dispersal may preclude lar-
vae to escape from any suitable
food plant and in natural condi-
tions rates of dispersal from indi-
vidual plants would be mostly
determined by wind and micro-
habitat location (e.g., Ghent 1999,
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but see Hunter and Elkinton
1999).

As regards mortality of young
larvae. in a greenhouse experi-
ment where natural enemies and
abiotic conditions were under
control, the biggest difference in
survival to the end of second
instar was found between trees
with low contents of both pro-
teins and hydrolizable tannins (96
% of survivors) and trees with
high levels of both proteins and
hydrolizable tannins (70 %).

Although the causes of this pat-
tern are uncertain, likely, bound-
ing of proteins was more effective
when concentration of both pro-
teins and tannins were in was
high concentration (see Zucker
1983 for further discussion), this
would decrease larval growth and
subsequently the probabilities of
dying increased. interestingly,
individuals who died were those
recording lightest weight at the
beginning of the instar. This last
finding is particularly relevant
when we try to extrapolate the
results to natural conditions.
Mortality in the greenhouse was
unusually low in first instar com-
pared to natural patterns (person-
al observation) and causes of
death during the second instar
were presumably not the same as
in the field. However, results sug-
gest that the main effect of a poor
food quality food is to weaken
individuals feeding on it and this
will probably interact with other
abiotic factors such as tempera-
ture and natural enemies
(Virtanen and Neuvonen 1999).
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