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ABSTRACT
Protein Uilization Efficiencies
of Two Speci es of Lepidopteran Larvae,
Hvalophora cecropia L. and Antheraea polvohemus Craner.
by
Daniel L. Wthers
Youngstown State University, 1987

Protein utilization efficiencies of two species of
Lepi doptera | arvae, Hyalophora cecropia L. and
Ant her aea polyphemus GQarner were determned. Larvae
reared In a laboratory were fed leaves of the bl ack
cherry, Prunus serotina Ehrh. Sanples of these
| eaves and the feces produced during their fourth and
fifth larval instars were exam ned for protein content
usi ng standard techni ques.

The amount of protein in the | eaves ingested (I>
was conpared to the amount of protein excreted in the
feces <F>, The apparent protein assimlated ¢(a> was
determ ned by the difference of the ingested and excreted
protein (A = I-F>. The protein utilization efficiency
(PE> was determned by the ratio of protein assimlated to
that ingested (PE = A/I%100).

Fourth instar |arvae of A polyphemus
assimlated protein at the lowest rate, 60.1%+5.5. Fifth



instar larvae of A. polvphemus and fourth instar

| arvae of H. cecropia used protein at about the same
rates, 73.5%36.9 and 79.3%t3.9, respectively, while the
fifth instar larvae of H. cecropia assimlated protein

at the highest rate, 89.2%t2.6.
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CHAPTER |

| NTRCDUCTI ON

Pl ant s have coevol ved qualitative and quantitative
barriers to protect their energy reserves from herbivores
(Feeny 1976). (Qualitative barriers are those secondary
pl ant substances that interfere with nmetabolic processes
and are effective, even in small concentrations, against
non- adapt ed i nsect species. These substances are not
effective on adapted insect species that can rapidly
detoxify them d ucosinolates, a primry chem cal defense
of crucifers, are very effective in small anmpunts agai nst
non- adapt ed i nsects (Feeny 1976>. Quantitative defenses
of plants are plant substances that interfere with
di gestion and reduce fitness of a wide range of insects
that feed on the plants. Substances such as these are not
readi |y susceptible to counteradaptation (Feeny 1976).
Quantitative defenses are characteristic of apparent
plants and plant tissues, which are easy for herbivores to
| ocate, whereas qualitative defenses are characteristic of
unapparent plants and tissues (Rhoades 1979). Pl ants
whi ch are highly apparent in their habitat have devel oped
quantitative barriers, even to insects which naturally
feed on their |eaves (Feeny 1976>. Tannins, resins,

silica, and lignins (crude fiber) all reduce the



digestibility of the food presented by apparent plants.
Pl ant secondary substances such as these have been shown
either to have a negative effect on herbivore fitness
(increased nortality, lowered growh rates or fecundity),
or to have a deterrent effect on herbivore grazing
activities (Rhoades and Cates 1976).

The chem cal defenses of nost plant species may be
a consequence of "co-evolution" with a variety of
predat ors, parasites, pathogens and conpetitors. Thus,
while the role of plants in shaping chem cal
counter-adaptation by insects is often clear, the effects
of evolution of plant defenses nust be eval uated against a
broader coevol uti onary background (Feeny 1976>. Chemica
coevol ution between plants and phytophagous insects tor
her bi vores in general) must enconpass all groups of
organi sms that interact with them

The effects of food quality upon physiol ogy and
behavi or at the species, popul ation and ecosystem | evel s
are too often neglected. A know edge of nutritiona
ecology is essential to properly interpret life history
phenonmena <e.g. manner of feeding, habitat selection,
def ense and reproduction) both in ecol ogical and
evolutionary time (Scriber and Slansky 1981). Food is of
particular inportance to immature insects. Herbivorous
i nsect fitness depends on the insect's ability to
efficiently andsor rapidly ingest, digest and convert

plant naterial into insect material (Scriber 1981). For



nmost herbivorous insects there is abundant food quantity,
however food quality nay be inadequate. Protein content
is a primary determ nant of food quality. The digestible
protein content determ nes the anount of nitrogen
avai |l able to the herbivorous insects(Davis 1974a>. There
isalot of nitrogen in the world, but nost is in a form
that is unavailable to aninals. It is not the amount of
energy in the ecosystemthat limts the abundance of
organisms, it is the anount of nitrogen readily avail able
for Incorporatian into body tissues. Availability of
protein in plants plays a magjor role in limting organi sms
at all trophic |evels above them(Wite 1978).

Mich research has been done on the quality of food
and its relationship to insect larvat growmh(Davis 1974b,
Feeny 1970, Lincoln 1985, Rauscher 1981, Scriber and
Slansky 1981, behavior (Wililams 1983> and survival
(Wiite 1974). Sill nore research has been ained at the
determ nation of the efficiency of the larvae to
assimlate its ingested and di gested food into body tissue
(Pandian 1973, Pandi an and Delvi 1973, Schroeder 1971,
1976a, 1976b, 1977a, 1977b, 1978, Schroeder and Dunlap
1970, Schroeder and Mal ner 1980, Soo Hoo and Fraenkel
1966) .,

In order to obtain the protein necessary for
proper growth and mai nt enance, the insect must not only

i ngest food but must be able to digest the proteins.

Insects that are placed on diets that regulate the protein



avai |l abl e t o them show changes in growth rates (Ito 1967,
Davi s 1974a, Schroeder 1986b, Wiite 1978>. Tannins reduce
the digestibility of soluble proteins in plants and
l'ignins make plants | ess palatable(Swain 1979).

The intent of this study was to determne the
amount of protein digested fromleaves fed to two species
of Lepidopteran |arvae, Hvalophora cecropia L. and
Antheraea polvphemus Cranmer. Because over 90% of food
i ngestion occurs during the fourth and fifth instars,
these instars were sel ected for study (Mattson 1980>. The
feeding rate determ ned as mass of dry food/ mass |ive
wei ght/ day actually decreases in some speci es (Pandian
1973). The larger size of the larvae and the larger tota
food intake make it much easier to work with the later
Instars rather than with earlier ones. Wile this study
was concerned with food quality as determ ned by sol uble
and insoluble proteins, it was realized that the other
determ nants of food quality cannot be ignored. ne
factor cannot be isolated and adequately studied, as all
affect the nutritional aspect of the organi sm
Digestibility (Bhandari et al. 1979, Soo Hoo and Fraenkel
1966>, Ingestibllity (Feeny 1970, Rausher 19813,
tenperature (Merkel 1977>, water content (Schroeder 1986a,
Scri ber 1978, Scriber and Sl ansky 1981>, nutrients(Feeny
1970, Ito 1967, Schroeder 1986a3>, chem cal conposition
(Feeny 1970, Lincoln 1985, Robi nson 1979, Wl ker 1978,



avai l abil ity (Schroeder 1976b, Wiite 1974>, sultabllity
(Scriber 1984> and apparency (Feeny 1976, Rhoades 1979,
Rhoades and Cates 1976> are extrenely inportant and nust
be consi dered as a whol e.

The ecol ogi cal success of an organi smis dependent
on a variety of factors including food quantity and
quality. Density, conmpetition, humdity, 1ight,
tenperature, parasites and pathogens are all extrenely
inportant in the overall understanding of the role of the
organism within the ecosystem (Merkel 1977, Scrl ber and
Sl ansky 1981, Rausher 1981).



CHAPTER 11

METHCDS

Larvae of the cecropia noth, Hvalophora cecropia

L., were obtained froma mass culture reared in a

| aboratory at Youngstown State University by Dr. Lauren
Schroeder. These |arvae were the progeny of wild femal e
mot hs that had been captured and allowed to lay eggs in
the | aboratory. Six late third or newy nolted fourth
instar |arvae were obtained fromthe mass culture on June
18, 1986, and pl aced on individual |eaves of black cherry,
Prunus serotina Ehrh. that same day.

A mature pol yphenus <(Antheraea polyphemus Cramer)
| arva was found in the fall of 1985, pupated and the
cocoon kept in an unheated garage over the winter so that
It woul d be exposed to near normal tenperatures to assure
proper devel opment. Upon energence in the spring of 1986,
the female noth was placed outside in a wire nesh cage to
allow mating. Approximately thirty eggs were coll ected
and kept in a glass vial until they hatched, on June 15,
1986. Larvae were collected as they hatched and were
pl aced on freshly cut individual black cherry |eaves and
reared to the fourth instar. Ten newy nolted fourth

instar | arvae were selected fromthe mass culture for the

experiment.



| ndi vidual |arvae were placed In cardboard cones
that had been fashioned from7" X 9" pieces of posterboard
and set in 400 m beakers for support. A leaf petiole was
inserted through a snmall cut in the side of the cone so
that the cut end of the petiole was inmersed into a snal
vial of water taped to the side of the beaker. The feces
were allowed to drop into the beaker through an opening in
the apex of the cone. The top of the cone was covered
Wi th cheesecloth held in place by a rubberband. This
al | oned good light penetration and air circulation. The
setup was placed near a north facing windowto allow the
| arvae to be exposed to nornal diurnal |ight and anbi ent
t enperature cycles. The wi ndow was open nost of the tinme
to allowfor air circulation

The | eaves were changed at approxi mately the same
time each day. Fresh leaf stalks were cut fromthe tree
and the cut ends imediately imersed in water to be
transported to the lab. This was to preserve their
freshness and di m ni sh water |oss during transportation
Two different trees were used during the research but to
mnimze variance in food protein content all |arvae of
each specles were fed fromthe same tree. Sanples of the
| eaves fed to each | arvae were taken by punching severa
di sks fromeach leaf with a #s cork borer having a
di aneter of eleven mllineters. The leaf sanples were

immediately frozen for future protein analysis. The daily



sanpl es were pool ed by individual |arva and instar. Feces
were collected in the norning and eveni ng each day and

I mredi ately frozen to reduce any bacterial action that

m ght further break down protein excreted with the feces:
The feces fromeach individual |arva were al so pool ed by
instar. A the end of the fifth instar the |arvae were
allowed to pupate.

Sanpl es were kept frozen at -250 C until it was

time to determ ne the amount of |eaf and fecal protein.
The leaf material was prepared for analysis by haphazardly
selecting four leaf disks fromeach of the frozen sanples.
These disks were ground two at a tinme in a glass nortar
and pestle with a small amount of fine white grinding
sand. The naterial fromeach grinding of two |leaf disks
was then extracted in 4 mi of 1.0 M NaOH for 6 hours. The
extract was then centrifuged for 15 nml nutes at nmaxi mum
speed in an Adans Dynac Centrifuge.

Six fecal pellets fromeach frozen sanple were
selected for protein determnation. These were ground
three at a tinme in a glass nortar and pestle with a snal
amount of fine white grinding sand. The ground materia
was extracted in 1.0 M NaoH for six hours. Due to the
much larger size of the fifth instar H. gecropia fecal
pel l ets, four pellets, tw per ground sanple, were used
for protein determnation. This nunber was reduced
because a | arger sanple size would be close to the upper

limts of the testing procedure.



The Bradford nethod(Bradford 1976> of protein
anal ysi s was used to determ ne protein content. Two 100 ul
aliquots of each sanple were transfered to 9.5 ml test
t ubes using a Chenpette Series 7857 m cropi pette, conbi ned
wth 4.9 m of Coonmassie brilliant blue G250 reagent, and
m xed by inverting the tubes twice. Blank tests were
prepared in the same nmanner by using 100 ul of the 1.0 M
NaOH. The absorption was read at 595 nm after 15 m nutes
at room tenperature on a Shimadzu UV- Recor di ng
Spect rophot onet er Mddel UY-280,

The sanpl es were tested agai nst standards that
were prepared from bovi ne ganma gl obul i n purchased from
Si gma Chem cal Conpany. The standards were diluted from
pur chased stock solution concentration of 80 mg/ml to
concentrations simlar to those expected in the |eaves and
feces. Concentrations of 16 ugs100 ul, 32 ug/100 ul, 48
ug/ 100 ul and 64 ugs 100 ul were achi eved by placing 20,
40, 60 and 80 ul of the stock solution in 10 nh volunetric
flasks and bringing the volunes of each to 10 m1 by adding
1.0 ¥ NaOH Two 100 ul aliquots of each standard and two
bl anks prepared with 100 ul of NaOH were tested by the
Br adf ord met hod.

A Tris buffer of pH =9 was tried as an extraction
sol uti on, because the gut pH of nbst Lepidoptera is in
this range (Berenbaum 1980). The Tris buffer extracted

only 3%o0r 4%of the expected leaf protein. An extraction



sol ution using 0.1 M potassi um phosphate buffer t¢Roblinson
1979> did not produce any better results. NaOH extracted a
much hi gher amount of the expected protein <(Ahmad and

Sal eenudin 1981>.

Opti mum concentration of NaCH for maxi mum protein
extraction of |eaves and feces was determ ned by using a
range of NaCH concentrati ons and extracting over 24 hours.
Triplicate sanples of 12 ng of freeze-dried, ground bl ack
cherry leaves and 0.2 g of freeze-dried, ground fifth
instar cecropia fecal material were extracted with a NaCH
concentratlon range of 0.1, 0.2, 0.5, t.0, 1.5, and 2.0 M
The 1.0 M NaCH extract had the highest concentration of
protein for both |leaves(Fig. 1> and feces(Fig. 2> over
24 hours.

The sanpl es were anal yzed for protein again after
72 hours to determne if the NaOH hydrol yzed the protein
that had been extracted(Fig. 1>. There was a marked
reduction in protein with all concentrations of NaCH after
72 hours of extraction. The higher the concentration of
NaOH the greater the | oss of extracted protein. The
opti mum NaCH concentration was 1.0 M for obtaining the
hi ghest protein extraction with the |east anmount of
hydrolysis in leaves(Fig. 1> and feces(Fig. 2».

The optimumextraction time was determ ned using
1.0 M NaOH. 120 mg of leaf material in 30 ml of 1.0 M NaOH
and 2.0 g of fecal material in 40 m1 of 1.0 M NaCH were

extracted for 30 hours(Figs. 3 and 4. Sanples (1.5 ml>



FI GURE 1

Extraction of Freeze-dried Black Cherry
(P. serotina Ehrh.) Leaf Material
Over 24 hours and 72 hours
Using Different Concentrations of NaOH
(vertical lines through circles
represent standard deviations)
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FI GURE 2

Extraction of Freeze-dried Fifth Instar
H. cecropla Fecal Materi al
Using Different Concentrations of NaOH
Over 24 Hours
(vertical |lines through the circles
represent standard deviations)
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FI GURE 3

Ti med Extraction of
Freeze-dried Black Cherry (P. gerotina Ehrh.)>

Leaf Material
Using LO M NaOH Over 30 Hours
(vertical lines through the circles

represent standard devi ations)
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FI GURE 4

Timed Extraction of
Freeze-dried Fifth Instar H. cecropia
Fecal Materi al
Using 1.0 M NaOH Over 30 Hours
(vertical [lines through the circles
represent standard deviations)
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of the extract were renoved at regular tine intervals and
protein content determined(Table 1>. This stock solution
was kept uniformby vortexing it on a nmagnetic stirrer as
each aliquot was renoved and imrediately tested for
protein with the procedure described above. Three
replications of each sanple were taken

Dry matter content of the |eaves was determ ned by
haphazardly sel ecting two |eaf disks from each individua
sanpl e and drying themfor 48 hours at 900 c. in a
convection oven. The dried |eaf disks were then wei ghed
to the nearest 0.001 mg on a Cahn 29 Automatic
El ectrobal ance. The nean dry weight of the sanple disks
was used to express protein content on a dry weight basis.
Fecal pellets were selected and treated in the sanme
manner, wei ghed to the nearest 0.01 ng on a Sartorius
singl e pan bal ance, and the nmean dry wei ghts used in the
cal cul ati ons.

The Pierce BCA protein assay reagent was rejected
as a nethod for determ nation of protein content of the
extract from | eaves and feces(Pierce bulletin no. 23225,
1984>. The nmethod resulted in slightly higher absorbance
than the sane extract tested with Coomassie blue by the
Bradford nethod. However, for feces, the BCA net hod
resulted in absorbances that were nore than ten tines the

expected levels. The high absorbance of the BCA reagent



TABLE 1

Extraction of Freeze-dried Black Cherry
(P. serotina Ehrh.) Leaf Miterial and Freeze-dried
Fifth Instar H. cecropia Fecal Material Using Different
Concentrations of NaOH Over 24 Hours

NaOH Mean Protein in
Mol arity Protein Dry Matter
Cont ent (%)
{ug)
leaf material
0.1 40.0 +1.8 13.3
0.2 40.2 +0.8 13.4
0.5 44 .0 +0.5 14.7
1.0 44 .3 +0.8 14.8
1.5 42.4 +0.8 14.1
2.0 45.8 +0.9 15.3
fecal material
0.1 108.8 +3.1 2.2
0.2 113.6 +0.4 2.3
0.5 125.9 +1.3 2.5
1.0 133.9 +0.5 Sl
15 138.8 1.4 2.8
2.0 137.5 £3.2 2.8




with feces was due to binding with uric acid and giving a
fal se reading.

Protein utilization efficiency (PE> of the |arvae
was determ ned by dividing the apparent protein
assimlated ¢A> by the protein ingested (I>.

PE = Al X 100 €1
Usi ng the equation for determ nation of dry natter
budget s,

I1=G+R+F (2>
where | = ingestion, G=growh, R=respiration and F =
feces produced (Schroeder 1986a> and val ues for gross
growm h efficiency = Gl and net growmh efficiency =
G/(1-F> a calcul ated value for the anount of fecal protein
(F> was determ ned. These values were nultiplied by the
fraction of protein content of the feces to determ ne the
amount of protein excreted in the feces.

Flnal cal culations of PE were nmade assuming 1 gram
of ingested leaf material. This was nultiplied by the
percent protein content of the leaves to get |I. F was
determ ned by multiplying the calculated value for the dry
welght of feces by the percent of proteln in the feces.
The apparent assimlation ¢A> was determ ned to be the
difference between | and F <a = | - F>. The PE was
cal cul ated by dividing the apparent assimilation by the

i ngestion ¢A/I> and nultiplying by 100.
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CHAPTER I1I

Dy matter content of the leaf disks fed to H.
cecropia was 6.5 ng and that fed to A. polvphemus was 8.0
ng (Table 2>. The difference in dry wei ghts was due
partly to different trees used for each species and
partly due to the decreasing quality of the |eaves as the
f eedi ng period conti nued.

Leaves fed to IV and V instar 4. cecropia |arvae
increased in nmean protein content from 10.7% +1.8 to
12.9% 20.6. Feces of |V and V instar H. cecropia |arvae
decreased in protein content from3.1%f0.3 to 2.0% +0.3
(Table 3>, Leaves fed to |V and V instar A polvphemus
| arvae showed a protein content increase from8.6% x1.6
to 10.4% +1.4. Feces of A. polvohemus decreased in
protein content from3.9% +0.5 to 3.1% +0.5 <(Table 3).
Mean leaf protein content fed to all larvae resulted in a
one-way anal ysis of variance (ANOVA> F value of 11.4, p <
0.0001 (Table 3>. Mean protein content of all [larval
fecesresulted in a one-way ANOVA F value of 23.7, p <
0.0001 (Table 3».

Usi ng equation <¢2> for determnation of dry
matter budgets, along with a Gl = 0.16 and a G/(I-F> =
0.53 for the H. cecropjia (Schroeder 1986a> a dry matter

val ue of the feces was calculated to be 0.69. Using a



TABLE 2

Mean Dry Weights of
Bl ack Cherry <P. serotina Ehrh.>
Leaf Disks and Fecal Pellets
of Fourth and Fifth Instar
H cecropia and A. polyphemus

(mg)
H. cecropia A__polvohemus
|V Instar V Instar |V Instar V Instar
leaf disks
6.3 0.8 6.6 +0.8 8.0 +0.8 7.9 #1.2
fecal pellets
11 2.6 70 12 6.0f1.3 26 +4.6

N =230 for all means



TABLE 3

Prot ei n Content of
Bl ack Cherry (p. serotina Ehrh.)>
Leaves and Feces of Fourth and Fifth Instar
H. cecropla and A polvphemus

Species Nunber Protein Protein
of Cont ent Cont ent
Larvae of of
Leaves Feces
(%) (%)
A. polyphemus
|V instar a 10 8.6 +1.6 3.9 0.
V instar P 10 10.4 +1.4 3.1 +0.
H. cecropia
|V instar P 6 10.7 +1.8 3.1 0.
V instar © 6 12.9 0.6 2.0 0.
ANOVA F score 11.4 23.7
probability <0.0001 <0.0001

Differences anong neans at p < 0.05 are indicated by
different superscript letters.
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Gl =0.08 and a G/C(I-F> = 0.69 for the A. polvphemus
(Scriber and Feeny 1979) a dry matter value of the feces
was calculated to be 0.88. These values were multliplied
by the fraction of protein content of the feces to
determ ne the anmount of protein excreted in the feces.
The protein utilization efficlencies (PE> of all [larvae
wer e determ ned by using equation ¢1>, dividing the
apparent protein assimlated ¢a> by the protein ingested
(1>, The PE of H. gecropla for the fourth Instar was 79%
+4 and in the fifth was 89%+3(Table 4>. Fourth instar
A. polyphemus |arvae had a PE of 60% +5 and 73% +7 in the
fifth instar(Table 4>. PE means were judged to be
significantly different by a one way ANOVA (Gustafson
1984). PE nean values resulted in an F value of 39. 63, p
< 0.0001. A Keuls nultiple range test (Woolf 1968)
determ ned that the mean PE of the fifth instar A.
polyphemus and the fourth instar of 4. cecropia were the
same. The fourth instar of 3. polyphemus was different

fromall others as was the fifth instar of 8. cecropia

(Table 4>.



TABLE 4
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Protein Efficiency of Fourth and Fifth Instar

H cecropia and A. polyphemus

I=Ingested Protein, F=Feces Protein, A=Apparent
Assim | ati on and PE=Protein Efficiency(AdA/I>

Speci es Number I F A PE
of (I-F) (A/1)
Larvae X100
A pol yohemus
|V instar a 10 0.086 0.034 0.053 60. 1
+0.016 +0.005 +0.013 +5.5
V instar b 10 0.104 0.027 0.077 73.5
+0.014 +0.005 +0.017 +6.9
H cecropia
|V instar b 6 0.106 0.021 0.085 79.3
+0.019 +0.001 +0.018 +3.9
V instar © 6 0.129 0.013 0.116 89.2
+0.006 +0.002 +0.009 +2.6
ANGVA F score 11.0 35.0 23.4 39.6
probability <0.0001 <0.0001 <0.0001 <0.0001

Differences among means at p < 0.05 are indicated by

different superscript letters.
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Chapter |V

Protein utilization efficiencies (PE> of both
speci es of Lepidoptera |arvae increased fromthe fourth
to the fifth instars. The PE for A. polyphemus |arvae
i ncreased 21.6% and for H. cecropia larvae it increased
12.7%. Net growth efflclency ¢(G/A> usually increases at
each successive devel opnental nolt (Mattson 1980). Since
the G/A is directly dependent upon the nitrogen
assimlated and this nitrogen is found in the ingested
protein, it follows that these |arvae should show an
increased PE in the final instar. This increased PE and
subsequent increased G/A, is inportant to supply the
protein needed in the netanorphosis fromthe larval stage
to the adult noth.

Macr ol epi doptera | arvae, e.g. 8. cecropia and 4.
polyphemus, feed not only in early sumrer (June and early
July)> but have phases that feed in the latter part of the
growi ng season(late July, August and Septenber) when
food | eaves are declining in quality and increasing in
t oughness (Mattson 1980, Schroeder 1986a>. It is
believed that their l|arger size allows adaptations that
permit themto make nmore efficient use of the low quality

food. Larger size allows easier novenment and provides a

mechani cal advant age whil e feeding, giving the



| arvae access to a greater quantity of food (Mattson
1980). The larger size also permts |larger nmouth parts
that nake it easier for the larvae to chew the tough,
fibrous | eaves encountered as the grow ng season
progresses (Mattson 1980). Internal gut adaptations of
| arger larvae allow better digestion of Iow quality

i ngested food (Berenbaum 1980, Mattson 19801

As the larval stages progressed it was noted that
the fourth instar A. polvphemus was the snallest and the
fifth instar H. cecropia was noticably the largest. The
fourth instar H. cecropia and fifth instar A polvphemus
wer e approximately the same size. This also correlates
with the PE of each larval instar.

The larvae are well adapted to nmake efficient use
of the small anmpunt of protein available to themin |ow
quality leaves. The black cherry fed to both species
fits the definition of an apparent plant and has evol ved
quantitative barrlers(tannins and lignins> to feeding by
pol yphagous | arvae such as 4. cecropia and A. polyphemus
(Feeny 1976, Rhoades and Cates 1976). The | eaves used in
this study increased in protein content through the
feeding periods. The trees were rather snmall and were
undoubt edl y stressed by renoving the |arge vol ume of
| eaves needed to feed the larvae. This stress may have
mobi | i zed proteins that would not normally be avail abl e

to larvae (Mattson 1980, Wiite 1984). The



| arvae, particularly H. cecropia, had high protein
efficiencies. This nay have been due to their use of the
mobi | i zed proteins in the stressed trees.

Her bi vores are limted from bel ow by |ower
trophic levels and not fromabove by nhigher trophic
| evel s (White 1978>. The high PE indicates that §.
cecropia and A. polyphemus are well adapted to use |ow
quality mature |eaves. Like nost Macrol epi doptera these
two species feed well into late summer and early fall
(Mattson 1980). Their efficient use of protein is an
adaptation to quantitative barriers present in naturing
food | eaves that allows better use of the tough, fibrous,

| ow quality |eaves.
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