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ABSTHALT

A technegue was develaped for estinating larval gvpsy moth, Lymenitria

dtspar (L0 densities using siniltaneous measurements of the amount of frass prestueed per
larva {rass viell) and the amount of frass Faling in the forest jor anit area | frass dropl The
technigue was tested in a pestseason experiment inowhich G000 evae were released in oa
stind. Friss vield was measured by individually caging several larvae in the Geld o ot host
foliage. The must reliable and efficient method of messuring frass drop was the deploviment
ot several large Tunnel shuped frass traps near the forest floor. Number of pellets was Found
ta b superior o [rass weight @5 o unit for quantifving frass yield and drop, becsuse it was
not strongly influenced Ty instar distribution. Density estimates obtained using this method
closely matched those expected Trom the agmber of larvae released. Frass width measiure-
ments provided o method of estiomating mstar distributions
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AN ELONOMICAL vet accurate method For esti-
mating kirval pvpsy moth, Lymanteds dispar (L),
densities would be invaluable to studies of gyps,
moth population dymamics Sampling gvpsy moth
Lirval populations i difficult because larvae nre
mobile wnd often aggregate in unpredictable ways,
Previons sampling methods (Tor example. timed
walks [Connola et al LO96B] counts per twig ter
minal [Doane & Schaefer 1971) wised counts of iar-
vae under burlap bands [MeManus et ul. 19500
were limited by their precision in estimating larval
densities. Other methods, such as  insecticidal
spraving (W, E Wallner! personal communica-
ton: | Gould” personal commuanication), mark-
recaplure {Weseloh 1985} and whole-tree sam-
pling (] Gould® personal communication), appear
kit [}!’I’.l'-'!i{'l’: more accncate density estimates, bl are
labior-intensive,

Fruss drop measurements have been used to es
tirmate Lsrval densities of several forest defoliators
(Morris 1848, Green & DeFreitas 1955, Tinhergen
1964, Zhang et al 1956) Densities were eslimated
by relating the rate of Trass fall over a given ares
e the rate of frass production per individual inseet.
Furthermore, size distribution of frass can be used
to estinate instar distribution (Bean 1839, o this
study. we compared several methods of measuring
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frass drop lor estimating larval gypsy moth pop-
ulation densities and instar distributions. Lichhald
& Elkinton (1953) deseribe sources of variation and
statistical propertics of Trass drop and frass vield
TMeRsuremnents

Materials and Methods

O 13 Avigast 1954 {after eclosion of theendermie
avpsy moth population), 6,000 thicd- w sisth-instar
immostly Gfth and sixth instar), t:||:.-c;|r;1t|_'|1'3'~n_-u:L-Ll

evpsy moth larvae were released in a stand of pre.

dominately uercus eeluting Lam. on Otis Air-
base, Cape Cod, Mass. Larvae were relensed Ly
stapling one or two paper cups, each containing 30
larvae, Lo every tree ina 20 by 20 m aren Twernly-
Four hours alter celease, Trass traps were deploved
ima 3 by 3 grid (3 m between grid points). Five
frass trap designs were testedl. The “Funnel” trap
consisted of o polvethylens Tunnel (8.0 cm radingg
inserted dnto o seetion of tygon tubing (1.0 em
diameter by 5 em long! with mosgquito netting gluel
over the bottem, The “tarp” trap consisted of a
curiviis sheet (82 by 52 e ) stretehed neross g wood-
en frame, The “cheesecloth' trap wasa cheeseclotl
shieel {63 by 63 cm) stretehed across a wooden
framie. The "disk™ frass trap consisted of a molded
plastic disk (8.0 cin radius) with an acrylic sticker
on tap, The "disk + evlinder” trap was a disk trap
modified by placing a sheet metal evlinder (10 om
high! around 1L to prevent frass particles from
bouncing sidewavs off the trap, The funnel, disk,
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Fig. 1. Several frass pellets produced by asixth-
imstar gypsy motl (Lar = 3 imm),

and disk + evlinder traps were attached to the top
of a l-mowenden stake, and the tarp and cheese-
cloth traps were placed on the forest fleor after
removing  low-growing shrubs Traps were de-
ployved for 5 d using a Latin square design. Trap
positions were rotated dailv, and all gvpsy moth
Frass pellets in the traps were collected and counted
isticky disks were replaced daily for the disk and
disk + evlinder traps). During the period of trap
depleyment, 25 lab-reared larvae were held on cut
foliage in individual cages located i the field, Onee
each day, frass pellets produced by each larva were
collected and counted and the toliage replaced.
Covpsy moth frass was separated from the other
debiris in trap samples and oven doed prioe to
weighing to the nearest (L1 mg. Additionally, the
width of all pellets collected from caged larvae was
measired (afler deving) o the nearest 001 mm
asing an ceular micrometer,

Prensity estimates for cach dayv were calculated
bor ench ol the live trap tbypes wing the following
e uation

Larvae/ha = C-trass/traplarvae /frss,. (1)

Table 1. Analysis of surianee of the nomber of pelles
per trap per doy

EXNVIRONMENTAL ENTOMOLOGY

Vol 17, nn, 2

where C = |farea of one trap (measared in ba)
C was determined by measuring the horizontal
arca of the trup. The frass trap (Frass drop) term
was Lhe mican amount of frass per frap. Amount
of frass was expressed hoth as weight and as num-
bers of pellets, The larvae/frass term was the in-
verse of the mean amount of {rass produced per
eaged larva for o given day (frass vield) Again,
amonnl of frass was expressed both as weight and
as ninmbers of pellets,

Results and Diseussion

Frass produced by late-instar gvpsy moth larvae
is easily distinguished from that of other forest
insects. The pellets are charselenstically star shaped
i eross-section (Fig. 1) Few other [orest defolis-
tors produce similarly shaped frass (Prote 1976}

Analvsis of variance indicated that both trap type
and day significantly affected the numbers of lrass
pellets per sepuare meter {Table 1), The significance
of the day effect reffects a trend of decreasing [rass
drop over the 3:d study period. The significance
of the trap tvpe effect indicates thut aot all trap
types cought the same mimber of pellets per unil
arca. Separalion of means revealed that the disk
trap cangll signifeantly fewer pellets per unit area
than the other trap Lypes (Table 2) Among these
other trap types there were no significant differ-
ences in colleclion effiviency, We observed that
frass pellets often bounced olf the disk traps rathier
than adhering to the sticky surface. This expla-
nation of the observed reduction in pellet count is
confirmed by the finding that the disk + cyvlinder
trap caught significantly more pellets, Apparently,
the evlinder-deflected many of the bouocing pellets
back onto the sticky surface. Based upon trapping
cllicteney and euse of use, we recommend a funnel
Lrap for largeescale use

The number of pellets produced per larva each
day (Table 3] was not significantly different be-
bween fifth- and sixth-instar larvae. However, the
number of pellets per larva varied greatly among
days Incontrast to the number of pellets, the mean
weight of Frass produced per larva per day varied
greatly among instirs (Table 3). Sixth-instar Lirvae
produced heavier Frass pelles

Drensity estimates based onoineasirernents of frass
pellet drop and daily frass pellet production are

Table 2. Mean numbers of pellets per square meter of
trap areactrupped. per day in cach of the five trap types

I':.l[:- ST

v d i I-
Sntirce of I J'h'"r.nh: Slean Braiiv]
] nf F [LEA Y
wvariution AR : J
frewdom grealir F
Rl [EiE 13536
Laay + 65,197 1L54 {1081
B nrid | 11,714 sy T v
Columen ine gridl 1 258 I S
Trang 1w | [REEAT B2y LR T

Trap type Ay Fellets ae? prer ibug®
m=}
Furinel [ER I 1851 = 33:1b
Vurp LN T 650 = 13 1h
e Int 03TH 1304 = 3002k
|2k LRV 139 = 6y
I3k + evlinder 0,020 1453, = 3280

Uhean = SE. Sleaos {ollowe] by a diferent letter are sigmib
cutt by dlefferemt Tk s bemseatle significant difference method.,
i = 10051



April 1985  LIEBHOLD & ELKiNTON, ESTivaTing Gyesy MoTH DEXSITY FROM FRASS 383
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wiven in Table 4 Cver the 4-d period there was a
steady decrease in lurval density edtimated from
funnel trap counts, Larval densities probalbly did
decrease due 1o mortality and emigration from the
arei of release. Because there was no naturally
aceurring population in the surronodiog area, no
compensalory immigration occurred, Density es-
timates based on pellet drop measurements using
the funnel trap were within the range of actual
densities to be expected alter a relegse of 6,000
barvae (that is, densities steadily decreasing below
&,000). Estimates based on the disk trap swere con-
sistently low, reflecting the decreased elficiency of
this device,

Density esthnales based on weight of frass in
traps and weight of Frass produced per mesect wers
more variable than estimates based on pellets  Ta-
ble 51 Density estimates were creatio within any
trap type and within any day. We Feel thal density
estimales based on pumbers of pellets are more
teliable than these lased on frass weight because
of these resulls, and because estimates based an
numbers of pellets per insect are less likely to be

affcered by differences in instar distribation, Be-,

cause lrvae of different instars produce vastly dif-
lerent weights of frass {Table 3}, any deviation of
the instur disteibution of the cohort being moni-
tored for frass production from the instar distei-
bution of the wild population would preatly affect
thit density estimate, Large larvae would contrib-
ute a larger proportion to the insect/ {rass estioate
used in Equation 1 thun would smaller larvae. In
contrast, estimates derived from pellet counts are
less likely to be mfuenced |'.l_v differeres e lween
instars (Table 3), Higashiura (1987), i a similar
Bt considerably smaller study, did nat detect a
statistically siunificant difference between larval
densily estimates calealaled from frass pellel counts
ane from estimales caleulsted from frass weight,
Campbell [(1967) used russ drop messurement
to estimate Jarval densities in o stody of the pop-
alation dymarmics ol dense gy psy moth populations,
He monitored frass Lall over 24 0in 50 traps and

Table 4. Bensity estimates (lorvwe HH m®) based on
numbers af pellets Tollowing o relesse of GO Larvae

simuilam_-uu_\'h' monitored frass production per lar-
vit by caging 200 larvae togethier on Tolinge and
collecting their frass. His caleulation of lurval den-
stlies was based on the volume of Lrass produced.
Frass. volume is presumably o function of frass
width, which varied markedly among instars in our
study (Fig. 21 We suspect that volume of frass
would behave in-a similar fashion to Frass weight,
in Lhat estimates are lkely to he strongly alfeeted
by deviations of the instar distribution of the caged
cohort from the instar distribution of the wild pop-
ulation. However, i a large larval sample; such as
2000, is selected without bias, then this effect wonld
b neplipible

Connola et al (1966) Found that both weight and
numbers of pellets of trass dropping were only
maoderalely correlated with ege moss densities the
following vear. One explanation for the ek of 4
better correlation = thal pupal mortality can be
substantial and may have been greater in some
plots than in others. Another reason for their poor
correlation is that they used only one trap per plot,
The deplovment of many smaller traps is likely to
givee o betler eslirate of frass drop for a given arew
Although Connela et al, (1966) did not estimate
densities using frass drop measurements, it is likel,
that their correlation with epg muss densities would
have been improved by monitoring Frass vield af
each site {Liebheld & Elkinton 1987).

Seasurement of size of [ross trapped in the field
may be of wse in estimating the instar distribution
of resident larvae Analvsis of covarinnee (using
day as s covariate) indicated that instar was the
effect explaining most of the variation in frass width
(Table 6. Day of measurement was a sigruficant
souree of variation: moeans fndicated that frass wictly,
for a Ziven larva, Inereased with age within an
instor. The significance of the effect of larva nested
within instar indicates that there was o significant
larva-to-larva source of variation. Distribution of
trass widths (Fig: 2} indicated that although there
wis overfap, Frass size can be used as a tool for
differentiating lorval instars. Bazed on these mea-
suremnents, we leel that the following ranges of

Table 5. Density estimates (larvoe/ S0 m?) based an
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Fig- 2. Fregqueney distributions of frass pellet width
for Tourth- Lo sisth-instar mypsy meth individaally peared
om ok foliage,

widths should be used 1o segregate instacs: Tourth,
L0-1.5 mm Gifth, 1.5-2.1 mm; sixth, 2. 1-3.0 mm
However, these measurements may vary with host
quality, pepulation density, or population guality,
all of which affect the size of individuals (Lance
et al 8861 Prota (1876) found slightly different
frass widths for gvpsy moth larvae collected in
ltaly.

We feel that using Frass drop and wvield meq-
surements o estimate lavval sypsy moth densities
and age structures holds great promise az a tool for
shiedying the popalation dyvnamics of this species,
This method, along with methods o estimate den-
sities of veg mass wnd pupal densities (Camphel]
1967, Wilson & Fontaine 1975), could be wsed Lo
generate survivorship curves {or meost lile stages
within a generation, Such survivorship information
is vialuahile to the study of the regulatory nature of
vitrions martality sources. This method can also be
applied to Beld studies of insecticide efficacy by
mieasuring pre- amd postspray densities,

Acknowledgment

We thank €0 P, Schwalbie (O Moetheds Develogent
Conter) for supplying insects and B M. Woseloh and #
YVoss for reviewing an eatlier dralt of this manuseript
We are wratetul to the Masswchusetts Army National
Ciuarel Lor ;Jl[l.'.l'\\'i-!l’lg e to wse s laod, We also wish o
thank % L Mebdanus Lor helplul discussions leading to
this researcl and D Ferro for photugraphic assistance

Table . Analvsis of covarianees of pellet size with day
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