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ABSTRACT The propensity of late-instar Alphitobius diaperinus (Panzer) for climbing
and tunneling was evaluated with larvae at several densities in chambers containing poultry
litter, both with and without a base of clay soil as a pupation site, and an elevated section
of polystyrene insulation. In chambers with soil, no climbing or tunneling was observed until
larval density reached 500 larvae per chamber; at this higher density the amount of damage
caused by individual larvae was low (0.3-0.5 holes per tunneler). When soil was lacking,
36% of the larvae climbed at the lowest-density treatment (10 larvae per chamber); the
number of tunnelers increased with increasing density to a maximum of 60 immatures per
section of insulation, although the proportion of climbing larvae stabilized at ca. 6% at the
higher-density treatments. Larvae in chambers without soil caused ca. 4-fold as much damage
at higher densities (two holes per tunneler) than at lower densities (ca. 0.5 holes per climber).
Mortality among non climbing larvae increased with density, and was much higher in cham-
bers without soil than in cpambers with soil at all densities. Trapping and observations of
the beetles in a poultry house during a 24-h period demonstrated that the climbing population
was composed almost solely of late instars and adults. Early and late instars were present in
comparable numbers in the nonclimbing population in the litter. Larvae climbed almost
exclusively during the night, and this activity was maximal between 2000 and 2400 hours
EST. Adults displayed broader peaks of activity, but also climbed primarily during periods
of darkness.
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THE LESSERMEALWORM,Alphitobius diaperinus
(Panzer), is a cosmopolitan insect that infests com-
mercial broiler, turkey, and layer houses (Pfeiffer
& Axtell 1980, Turner 1986). Beetles live in the
litter, where they feed on a variety of food items,
including dead and moribund birds, spilled feed,
and manure (Harding & Bissell 1958, Lancaster &
Simco 1967). Larval development requires 1-3 mo
and the adults can live for> 1 yr (Wilson & Minor
1969, Preiss & Davidson 1971, Dass et al. 1984).
Although there have been occasional reports of pre-
dation by lesser meal worms on other pests of the
poultry industry (Harris 1966, Kozlov 1970), this
species is generally regarded as a pest because of
its role as a reservoir of avian pathogens (De las
Casas et al. 1972, 1976, Harein et al. 1972). Also,
the larvae occasionally leave the litter and tunnel
into building insulation materials, causing severe
and costly damage (Ichinose et al. 1980, LeTorch
& Letenneur 1983, Safrit & Axtell 1984).

Little is known of the factors that promote climb-
ing and tunneling behavior by A.: diaperinus, al-
though several studies have indicated that late in-
stars are the primary initiators of tunneling (Ichinose
et al. 1980, LeTorch & Letenneur 1983, Safrit 1983,

1 Current address: Dep. of Entomology, Comstock Hall, Cornell
Univ., Ithaca, NY 14853.

Vaughan et al. 1984). Ichinose et al. (1980) ob-
served that this behavior was at least partially due
to late instars searching for protected pupatioD sites.
Because larvae generally pupate in the soil of houses
that have soil floors, it seemed possible that larval
climbing may be a response to lack of pupation
sites in the local environment. The objectives of
our study were to determine whether competition
for pupation sites influences climbing behavior, and
to investigate the diurnal periodicity of this be-
havior under field conditions.

Materials and Methods

Effect of Larval Density and Presence of Soil
on Behavior, Insulation Damage, and Mortality.
The influences of larval density and the presence
of soil on propensity for climbing were evaluated
by examining climbing behavior in chambers at
four densities of late instars (10, 100,500, and 1,000
larvae per chamber), with and without a pad of
soil as an alternative pupation site.

Chambers consisted of screen-topped plastic
containers (height, 19.4 cm; diameter, 14.3 cm)
provided with ca. 480 cm3 (depth, 3 cm) of poultry
litter consisting of pine shavings, manure, and feed.
In containers that included soil, the litter was placed
over a 3-cm pad of soil. The soil, a clay variety
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typical of the Piedmont region of North Carolina,
and the litter were collected from a poultry house
and frozen before use to kill extraneous arthropods.
A square piece of extruded polystyrene (Styro-
foam) insulation (8.5 by 8.5 cm, 2.0 cm thick) was
elevated 5 cm above the surface of the litter by
two wooden tongue blades attached by rubber bands
to the edges of the insulation. Before use, tongue
blades were coated with an adhesive (Elmer's Glue-
All) and sand to provide a rougher surface texture.

Late-instar A. diaperinus (length, ~ 1.5 cm; mean
live weight, 19.7 mg) were placed in the chambers
at densities of 10, 100, 500, and 1,000 larvae per
container (five containers per density treatment
with and without soil). These densities equal ca.
20, 200, 1,000, and 2,000 larvae per 1,000 cm3 of
litter. Larvae were obtained from a 6-mo-old cul-
ture that was originally established from beetles
collected from turkey houses in Duplin County,
N.C. Chambers were held in a rearing room at ca.
26°C and a photoperiod of 16:8 (L:D).

Ten days after the larvae were introduced, the
polystyrene sections were removed and the number
of entrance / exit holes per section was counted. The
sections were then dissolved in toluene and the
larvae and pupae recovered from each section were
counted.

Four weeks after introduction of larvae, the adults
present in each chamber were counted by remov-
ing and examining the litter. Mortality among the
larvae that did not climb was computed after ad-
justing for the number of larvae and pupae col-
lected in the insulation. Twenty adults from each
density treatment were selected at random from
the chambers that were provided with soil. The
following measurements were made of each beetle:
dry weight, head width across eyes, pronotal width
at the widest point, and the length of the right
elytron at the longest point. Measurements of adults
from the chambers that lacked soil were not made
because very few beetles emerged.

The following data were analyzed by two-way
analysis of variance (ANOV A) (presence of soil,
larval density, and presence of soil x larval den-
sity): number of climbers (larvae and pupae) re-
covered per section of insulation, the proportion of
pupae among the climbers at the time of extraction,
the proportion of the initial larval population that
climbed, number of entrance/exit holes per sec-
tion, number of holes per climber per section, and
the mortality among the non climbers (larvae that
remained in the litter and soil). Proportional data
were subjected to arcsine transformation before
ANOV A. Body weight and morphometric data on
adults collected from the containers with soil were
subjected to one-way ANOV A with larval density
as the grouping variable. Analyses were done with
the GLM procedure of the Statistical Analysis Sys-
tem (SAS Institute 1982).

Field Observations-DiurnalPeriodicity of
Climbing Behavior. Observations of climbing be-
havior were made on 9-10 September in a com-
mercial broiler house (Forest City, N.C.) with pine-

shaving litter over clay soil. The litter in the house
had been replaced ca. 8 wk earlier and had been
in use for one flock (about 7 wk at the time of the
observations). Traps to monitor climbing behavior
were placed in the house within 24 h of the removal
of the birds. Each trap consisted of a ca. 4-liter
plastic pail (height, 17 cm; diameter, 20.5 cm) with
four equidistant holes (diameter, 4.5 cm) cut in the
sides 11 cm above the bottom of the pail. Four
wooden ramps (length, 30 cm; width, 3.3 cm) were
inserted in the holes so that the proximal ends of
the ramps extended 3 cm into the interior of the
pail. Each pail was elevated 3 cm above the litter
surface by metal spikes driven into the soil. The
wooden ramps were laid on the litter surface, pro-
viding a walkway from the litter to the interior of
the pail at an angle of ca. 50° from the horizontal
(Fig. 1). Laboratory evaluations showed that climb-
ing larvae almost invariably fell into the pail upon
reaching the apex of the ramps. Forty (10 along
both walls of the house and 10 beneath both rows
of feeders) of these "ramp traps" were placed in
the house at 0800 hours EST on 9 September, with
about 11 m sepa"rating each trap.

Counts were made of all beetle life stages present
in the traps at 4-h intervals which began at 0800
hours on 9 September and en~ed at 0800 hours on
10 September. This procedure allowed observation
over two all-daylight intervals (0800-1200 hours;
1200-1600 hours), a dusk interval (1600-2000 hours;
sunset at 1832 hours), two all-dark intervals (2000-
2400 hours; 2400-0400 hours), and a dawn interval
(0400-0800 hours; sunrise at 0557 hours). Night
counts were made using red-filtered light.

In addition to ramp-trap counts, direct visual
observations of beetles climbing the walls were
made by counting the number of individuals pres-
ent in each of 20 3-m2 (3 by 1 m) sections of wall
at a position ca. 30 cm above the litter surface.
These counts were made over the same time in-
tervals as described for the other counts. Count
data were first normalized by a log(x + 1) trans-
formation, then subjected to one-way ANOV A us-
ing the GLM procedure of SAS with time interval
as the grouping variable. The following five single-
degree-of-freedom orthogonal comparisons were
then made, using the contrast statement of GLM:
day versus night; twilight (dusk and dawn) versus
day and night; late morning (0800-1200 hours)
versus afternoon (1200-1600 hours); late night
(2000-2400 hours) versus early morning (2400-0400
hours); and dusk versus dawn.

Field Observations-Age Structure of Climb-
ers and Nonclimbers. Two sampling methods were
used to compare the age structure of nonclimbers
with that of the climbers observed in chambers and
on the walls. First, 40 tube traps (Safrit & Axtell
1984) were placed immediately adjacent to the 40
ramp traps at the beginning of the 24-h observation
period, and were emptied and counted at the end
of this period. Second, 1,000 cm3 of litter was col-
lected from the area immediately beneath.each of
the 40 ramp traps, and the number of beetles pres-
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Fig. 1. Ramp trap used for monitoring beetle climbing behavior.

"

ent in the litter was counted. The proportion of
individuals in each age class (early instars, late in-
stars, and adults) was calculated for each sample
and arcsine-transformed values were subjected to
one-way ANOV A using sampling method as the
grouping variable. Separate ANOV A's were per-
formed on data from feeder and wall sample
locations using the GLM procedure of SAS. For
wall-location data, three single-degree-of-freedom
orthogonal contrasts were made: climbers (beetles
collected in ramp traps and counted on walls) ver-
sus nonclimbers (collected in litter and in tubes);
ramp trap versus wall observations; and counts in
litter versus tube traps. For feeder-location data,
contrasts were made of climbers (counts from ramp
trap only) versus nonclimbers, and counts in litter
versus tube traps.

In addition to the above sampling methods, 1,000-
cm3 soil samples (depth, 6.5 em; width, 13.0 em)
were collected from immediately beneath the ramp
traps at each of the 40 locations. Soil was held for
4 wk, and the number of adults that emerged was
counted and used as an indicator of density of
pupae present in the soil at the time of the chamber
and wall observations.

Results

Effect of Larval Density and Presence of Soil
on Behavior, Insulation Damage, and Mortality.
When late instars were provided with soil as a

pupation site, no larvae climbed and entered the
insulation when initial larval densities were set at
10 and 100 larvae per chamber (Table 1). In con-
trast, 36% of the larvae introduced into chambers
lacking soil at an initial larval density of 10 larvae
per chamber climbed, entered the insulation, and
pupated. In chambers with and without soil, in-
creasing initial larval densities resulted in signifi-
cantly greater numbers of larvae entering the in-
sulation, up to an insulation "saturation" level of
6-12% of the initial population at these densities
(60-120 larvae). Inspection of the climbers that
were recovered 10 d after larval introduction re-
vealed that most larvae that entered the insulation
in chambers containing soil had pupated (67-73%).
In the chambers without soil, substantial numbers
of pupae (92-100%) were found only in chambers
with low initial larval densities (10 and 100 larvae
per chamber). At higher densities in the chambers
without soil, virtually all of the climbers recovered
from the insulation were still in the larval stage
(> 99%) at the time of extraction.

Both density and the presence of soil had sig-
nificant effects on insulation damage as reflected
by the number of entrance/exit holes per section,
with damage increasing to a maximum of 107 holes
per section with increasing larval density, and
greater damage occurring in chambers lacking soil.
The number of holes per individual climber was
< 1 (0.3-0.6) in chambers with soil and in chambers
without soil at initial larval densities of 10 and 100
larvae per chamber, indicating that many larvae
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Table l. Influence ofpresence of soil and larval density on climbing behavior, insulation damage, and survival of A. diaperinus late instars

Initial no. larvae per chamber
Analysis of variancea

Soil x
Location of larvae With soil Without soil Soil Density density

'-<
df 0

c::
10 100 500 1,000 10 100 500 1,000 F F F ::>'

Z

Insulation
::»
l'

f (SEM) no. climbers recovered/section 0 0 57.0 118.2 3.6 17.8 32.4 60.2 8.85** 60.58** 10.59** 1,3,3,32 0

(0.00) (0.00) (5.59) (1425) (136) (5.31) (4.81) (1165)
"1

f (SEM) proportion pupae among climbers (%) - 67.2 72.5 100.0 92.0 0.5 0.6 22.22** 74.96** 0.17NS 1,3,1,23 trI

(7.88) (1130) (0.00) (5.40) (0.49) (0.66)
n
0

f (SEM) proportion of initial larvae that 0 0 11.4 118 36.0 9.2 6.5 6.0 8.44** 150NS 7.32** 1,3,3,32 Z

climbed (%) (0.00) (0.00) (112) (143) (13.64) (5.31) (0.96) (117) 0

f (SEM) no. entrance/exit holes per section 0 0 15.8 64.2 10 8.8 616 106.6 8.72** 22.51 ** 190NS 1,3,3,32
(0.00) (000) (3.09) (23.60) (0.32) (166) (10.98) (20.29)

n
f (SEM)no. holes/climber/section - 0.3 0.5 0.4 0.6 19 18 120.94** 32.25** 124NS 1,3,1,23 trI

(0.04) (0.15) (0.19) (0.10) (0.15) (014)
Z
..,

Litter / soil
0

f (SEM) no. adults emerged/chamber 9.6 85.2 257.6 359.6 3.2 11.8 0.2 0.4 - - 0
l'

(0.24) (193) (14.13) (26.20) (0.49) (171) (0.20) (0.40) 0

f (SEM) mortality among nonclimbers (%) 4.0 14.8 417 59.3 43.3 85.5 >99.9 >99.9 270.31 ** 6140** 5.59** 1,3,3,32 0

(2.45) (193) (3.65) (2.48) (11.3) (2.10) (0.04) (0.04)
-<

f (SEM) body wt (mg) of adults 8.62 8.39 7.68 6.80 - - - - 7.42** - 3,76

(0.29) (0.26) (0.33) (0.32)

a *, P '" 0.05; **, P '" 0.01; NS, P > 0.05.
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Table 2. Late-instar larvae and adnlts collected in ramp traps and connted on 3-m2 sections of wall over six 4-h
observation periods in a commercial broiler honse

Time interval
x (SEM) no. late-instar larvae

at end of time interval x (SEM) no. adults at end of time interval

On walls

0800-1200 (light)
1200-1600 (light)
1600-2000 (dusk)
2000-2400 (dark)
2400-0400 (dark)
0400-0800 (dawn)

9.80 (2.02)
13.85 (2.70)
71.70 (19.23)
55.50 (15.20)
58.20 (17.72)
20.40 (3.81)

Overall Fa
df

Analysis of variance on no. larvae and adults collected during the six time intervals
7.63** 14.44** 7.03**
5,234 5,114 5,234

2.45*
5,114

Contrast F:

Day vs night
Twilight vs others
Dawn vs dusk

Late morning vs afternoon
Late night vs early morning
df

31.45**
2.39NS
1.45NS
LOINS
1.83NS
1,234

28.10**
0.65NS

23.35**
0.23NS

19.90**
1,114

7.68**
4.18*
9.08**

12.32**
1.86NS
1,234

8.36**
1.50NS
2.08NS
0.28NS
0.03NS
1,114

a *, P OS0.05; **, P OS0.01; NS, P > 0.05.

entered the insulation through holes made by pre-
vious climbers. Significantly greater per-capita
damage (two holes per climber) was observed in
chambers without soil at initial densities of 500 and

1,000 larvae per chamber.
Mortality among larvae that did not climb was

much higher in the chambers without soil than in
those with soil at all densities and exceeded 85%
in the former, even at the relatively low density of
100 larvae per chamber. Almost no adults emerged
in the chambers without soil at densities of 500 and
1,000 larvae per chamber. In chambers with soil,
mortality increased more gradually with increasing
density, and never exceeded 60%. Beetles that
emerged from containers with soil at higher den-
sities weighed significantly less than beetles from
lower-density treatments. Parallel differences in the
three morphometric characters were only detected
in the elytrallength measurements (not presented
in table).

Field Observations - Diurnal Periodicity of
Climbing. Negligible numbers «0.5 per obser-
vation) of late instars were observed climbing dur-
ing the two all-daylight intervals that included the
hours from 0800 to 1600 hours (Table 2). Larvae
climbed primarily at night, and the only contrast
that was significant among the ramp-trap obser-
vations was that of day versus night. Direct counts
from walls indicated a similar pattern, but with
sharper peaks of activity. Significantly more climb-
ers were observed at dusk than at dawn, and climb-
ing was maximal during the first all-dark time in-
terval (2000-2400 hours).

Adult beetles, in contrast, were observed climb-
ing in substantial numbers throughout the 24-h
observation period, although significantly more
climbing was observed at night. Adult climbing
activity showed sharper peaks in the counts from

I;

ramp traps than in the observations from walls.
The only significant wall count contrast was that
of day versus night. Ramp-trap data indicated that
dusk was the period of maximal climbing, and that
more adults climbed during the afternoon hours
before the dusk interval (1200-1600 hours) than in
the morning hours after the dawn interval (0800-
1200 hours).

A total of 11 early instars were collected in the
ramp traps between 0400 and 1200 hours; no early
instars were observed climbing the walls (not pre-
sented in table).

Although all individuals that were collected in
the ramp traps or counted on the walls were con-
sidered climbers for the purposes of this experi-
ment, larvae and adults showed marked behavioral
differences that are not reflected in the data pre-
sented. Larvae almost invariably traveled up the
walls or ramp traps rapidly and in a straight line
and could be induced to change direction when
illuminated from below with unfiltered light from
a flashlight. Adults, in contrast, were divided into
two groups. One group was strongly attracted to
light; these beetles moved up the walls and oriented
towards exhaust fans, door cracks, and other sources
of external light. Many of these beetles flew from
the house and were observed aggregating around
a variety of light sources, including a candle, a
flashlight, and the headlights of a stationary au-
tomobile. No record was kept of the actual number
that flew; however, flight activity was greatest dur-
ing the hours between 2000 and 2400 hours. A
second adult group tended to climb short distances
up the walls and form large, stationary aggrega-
tions in wall cracks and corners. No mating or
feeding was observed in these aggregations, and
they were disrupted easily by mechanical distur-
bance or illumination with unfiltered light.

In traps On walls In traps

0.15 (0.07) 0.05 (0.05) 1.58 (0.98)
0.45 (0.11) 0.30 (0.16) 4.68 (1.23)
1.80 (0.58) 8.00 (2.02) 12.92 (3.43)
3.72 (0.95) 14.55 (4.53) 7.45 (1.60)
2.82 (0.76) 1.90 (0.89) 4.42 (1.12)
2.48 (0.65) 0.15 (0.11) 4.28 (1.32)
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Table 3. Age structure of beetles collected in ramp traps, counted on walls, and collected in litter samples and tube
traps in a commercial broiler house

a *, P :s 0.05; **, P :s 0.01; NS, P > 0.05.

Field Observations-Age Structure of Climb-
ers and Nonclimbers. The number and proportion
of early instars, late instars, and adults collected in
ramp traps, counted on walls, and collected in litter
samples and tube traps are presented in Table 3.
Beetles that climbed represented a disproportion-
ately small number of early instars relative to the
population in the litter. Tube traps collected pro-
portionately fewer early instars than were extract-
ed from the litter near the walls. However, the
difference was small (P = 0.031), and was not sig-
nificant among the samples located near the feed-
ers. In contrast, a significantly greater proportion
of adults was observed climbing than was present
in the litter samples. Tube traps and litter samples
yielded roughly equivalent proportions of adults
in both the feeder and wall locations. As a pro-
portion of all age classes, late instars were not pres-
ent in significantly greater numbers in the climbing
samples than in the litter and tube-trap samples
located near walls, and were only slightly (P =
0.046) more abundant among the climbers near
the feeders. The disproportionately small numbers
of climbing early instars and high numbers of
climbing adults, however, mask the obviously high
ratio of late to early instars that climbed compared
with those from the litter and tube traps. Finally,
comparison of chamber counts versus wall obser-
vations indicates that adults showed a much strong-
er trend to climb the walls than to walk up the
ramps of the ramp traps.

The number of adults that emerged from soil
samples collected near each chamber averaged
79.8:t 18.1 per 1,000 cm' for samples near the
feeders and 28.9 :t 4.5 for samples located near
the walls (not presented in a table). No significant
correlations were found between the number of
climbing late instars (dependent variable) and any

of the following independent variables: late instars
collected in the litter, late instars collected in tube
traps, and pupae in soil.

Discussion

Results of laboratory experiments demonstrated
that climbing and tunneling behavior by late in-
stars was due to larvae seeking protected pupation
sites, that propensity for climbing was much higher
when larvae were not provided with soil as a pu-
pation site, and that this behavior increased with
larval density. In addition, mortality among non-
climbing larvae was substantially higher when they
were deprived of soil, and increased with increas-
ing larval density.

When soil was not available, larvae climbed and
tunneled at the lowest density level, 10 larvae per
chamber. With increasing densities, competition
for pupation sites within the insulation apparently
became more intense, as indicated by the obser-
vation that nearly all individuals collected from
the insulation at lower densities were present as
pupae, whereas mostly larvae were obtained at
higher densities. Larvae at these higher densities
(500 and 1,000 larvae per chamber) caused 4-fold
more insulation damage (holes) per individual tun-
neler than at lower densities, suggesting that larvae
repeatedly entered, exited, and reentered the in-
sulation. Mortality among the nonclimbers in these
chambers was substantially higher than in the cor-
responding chambers with soil. Not all of this mor-
tality can be accounted for by the relative unsuit-
ability of litter as a pupation site, however, because
substantial survival was observed among the non-
climbers at the lowest larval density, and because
mortality increased with increasing density in both
chambers with and without soil. A portion of this

Locations near walls Locations near feeders

Sampling method % early % late
% adults Total % early % late

% adults Total
instars iustars no. instars instars no.

Climbers

In ramp traps 0.4 29.0 70.6 619 0.4 32.4 67.1 1,262
On walls 0.0 9.4 90.5 5,096 -

Nonclimbers

In litter samples 22.2 13.5 64.2 1,381 37.1 17.7 45.1 1,035
In tube traps 12.3 22.2 65.5 1,786 29.5 19.7 50.8 1,061

Analysis of variance on proportion in age-class among sampling methods
Overall F" 11.27** 5.30** 6.47** 19.42** 2.12NS 3.49*
df 3,74 3,74 3,74 2,56 2,56 2,56

Contrast F:
Climbers vs nonclimbers 28.90** 0.13NS 10.88** 37.37** 4.18* 6.56*
In ramp traps vs on walls O.OINS 13.18** 8.50** -
In litter vs in tubes 4.90* 2.59NS 0.03NS 1.47NS 0.06NS 0.42NS
df 1,74 1,74 1,74 1,56 1,56 1,56
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mortality can presumably be attributed to canni-
balism of pupae by still-active larvae (Barke &
Davis 1969, Sarin 1978).

Mutual interference among larvae may also have
contributed to the higher mortality rates at higher
densities. Late instars enter a quiescent stage sev-
eral days before they molt (Wilson & Minor 1969,
Swatonek 1970). Larval crowding may interfere
with the behavioral and physiological sequences
required before the larvae enter this quiescent stage.

Safrit (1983), in studies using containers analo-
gous to those used in this study except that a larger
volume of litter was provided (1,000 versus 480
cm3), observed a threshold climbing response to
crowding of late instars, with the threshold occur-
ring between 10 and 50 larvae per chamber. A
small number of early ins tars climbed and tunneled
as well, and large numbers of adults climbed. How-
ever, relatively few adults tunneled. Vaughan et
al. (1984) laid sections of insulation on top of cul-
tures containing beetles of mixed ages and found
that, although adults and early instars readily en-
tered previously formed galleries, late instars were
the primary initiators of tunneling. LeTorch & Le-
tenneur (1983) presented mixed populations of 50
late instars and 50 adults with a variety of insulation
materials, and found that tunneling was initiated
by the larvae. These authors also found about half
as many holes per section of insulation (4.3) as there
were tunnelers (9.5) after 7 d of exposure. Ichinose
et al. (1980) compared adults and early, middle,
and late instars alone with respect to tunneling,
and found that only late instars (24-d-old larvae)
created tunnels.

Field observations in a commercial poultry house
confirmed that the immature climbing population
was composed almost exclusively of late instars,
although the population in the litter consisted of
approximately equal proportions of early and late
instars. Considerable numbers of climbing larvae
were observed in this house, where relatively low
densities of late instars (ca. 10 larvae per 1,000 cm3)
were recovered from litter samples. These results
indicate that, although larval density and avail-
ability of pupation sites are primary factors influ-
encing climbing behavior, the actual population
threshold for this behavior in poultry houses is tem-
pered by factors operating under field conditions.
These factors may include qualities of the litter
such as moisture, age and density of the birds,
temperature, management practices under differ-
ent production systems, and whether birds are pres-
ent in the houses. Casual observations indicate that
more beetles climb in the days after birds are re-
moved from the houses than when birds are pres-
ent.

In addition, field observations demonstrated that
larvae and adults display diurnal periodicity in
climbing behavior, with maximal activity occur-
ring during the night. Direct visual counts of insects
climbing the walls provided information that was
comparable with counts from ramp traps and is

...~.

clearly a more practical method for evaluating the
risk of insulation damage by late instars. It is there-
fore possible to develop an insulation damage
threshold by relating wall counts made after sunset
to litter population densities as determined by tube
traps or other standardized sampling methods. The
development of such a threshold will require ex-
tensive sampling under a wide variety of produc-
tion, housing, and litter conditions. Until then,
monitoring for damage potential can be done sim-
ply by making brief patrols through poultry houses
shortly after sunset and noting the relative abun-
dance of climbing larvae.
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