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Abstract-l. Levels of the elements-N, Na, K, Mg, Ca, and Fe-in caterpillars, pupae, cocoons and 
adults of Eastern tent moths show individual patterns for each element. 

2. As food, all stages exceed minimal mammalian and avian requirements for N, Mg, and K; however, 
for Na, Fe, and Ca, at least one stage is nutritionally inadequate for mammals and birds. 

INTRODUCTION 

Eastern tent moths in all stages of development are 
eaten by various predators, e.g., birds (Knapp and 
Casey, 1986) and bats (Black, 1972). Body compo- 
sition analyses of prey items are required to establish 
nutrient budgets of such insectivorous animals. 
Caloric content of many insects has been studied 
(Cummins and Wuycheck, 1971; Schroeder, 1977; 
Slansky and Scriber, 1984); however, scant other 
compositional data have been reported. This study 
reports body composition for the elements-N, Na, 
K, Mg, Ca and Fe-during growth of Eastern tent 
moth caterpillars, as well as in pupae, cocoons, and 
adults and compares whole body content of these 
nutrients to nutritional requirements of birds and 
mammals. 

MATERIALS AND METHODS 

Eastern tent moth caterpillars were collected in a county 
park in Genesee Co., MI, at about 10 day intervals from 2 
May-13 June 1990 from several small black cherry trees 
(Prunes serotinn), which represent a favorite food (Wadley, 
1938). Some caterpillars collected on 1 and 13 June 1990 
were returned to the laboratory and housed for a few days 
in a 10 gallon aquarium with fresh black cherry foliage as 
forage. Some caterpillars pupated within 2 days and pupae 
and cocoons were used as samples. Adult tent moths were 
collected at light traps during the night. All samples were 
placed in plastic vials, kept cold on ice and frozen upon 
return to the laboratory. 

Our primary interest in these insects is as food for 
predators; thus, individuals in all developmental stages were 
analysed whole, including gut contents, which may contrib- 
ute significantly to reported composition. Samples were wet 
weighed (to the nearest 0.1 mg) and dried to constant weight 
at 5odO”C. Dry samples of 4(r145 ma were digested and. 
after appropriate dilution, levels of Na, K, Mg,Ca, Fe (as 
ppt dry weight) and N (as % dry weight) were determined 
(Treybig and Haney, 1983; Studier et al., 1988). Utilizing 
this methodology, the lowest detectable level of iron is about 
0.01 ppt and of sodium is about 0.001 ppt dry weight. Up 
to 16 of the smallest caterpillars were required to obtain an 
adequate dry sample. 

Data were stored in Lotus files and data analyses 
and araohics were done with SYSTAT and SYGBAPH 
(Wilkinson, 1988, 1989). For purposes of regression analy- 
ses, 2 May 1990 was designated day 0. 

RESULTS AND DISCUSSION 

The cohort of caterpillars we studied initiated 
pupation on about 1 June 1990; therefore, growth 
rates were estimated for the 30 day period of 2 May-l 
June 1990. During that period of observation, cater- 
pillar per cent body water rose gradually from 79% 
on day 0 to 85% on day 19 with a marked drop to 
74% on day 30. Associated with those changes in per 
cent body water, live weight rose from day 0 to day 
19 but then remained constant until pupation began 
on about day 30. Dry weight, however, rose linearly 
(F = 230.32, df = 1 and 62, P < 0.001, r* = 0.77) over 
the 30 day period as expressed by: 

Dry weight (g) = 0.0034 Time (in days) + 0.0029, 

(0.0002) (0.0198) 

where values in parentheses are standard errors. Dry 
mass growth rate, therefore, was 3.4 mg/day, which 
seems typical for this species (Segarra-Carmona and 
Barbosa, 1983; Casey et al., 1988). Accretion of dry 
mass in the last 10 days prior to pupation was offset 
by a corresponding per cent body water decrease 
which accounts for the lack of live mass growth 
during that time span. Since caterpillars were weighed 
whole, reported growth rates include variable 
amounts of gut contents and, therefore, overestimate 
gut-empty caterpillar growth. 

Wet and dry weights of pupae (N = 8) averaged 
0.4329 g (kO.0496) and 0.1060 g (*0.0102), respect- 
ively to yield a water content of 74%. Adult moth 
wet and dry weights (N = 7) averaged 0.1868 g 
(+ 0.0431) and 0.0652 g ( f 0.0122), respectively for a 
water level of 65%. High variability in pupal weight 
reflects similar variability in caterpillar size at pupa- 
tion and in adult moth live weights, and appears to 
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Table 1. Regression equation coefficients for various elements (in ppt) and caterpillar dry weights 
(in mg) for the Eastern tent moth, Malacosoma americamm 

Element Intercept Slope F P r2 Accretion 

Ca 

Fe 

M8 

Na 

K 

N 

I.022 
(0.016) 
0.05t9 

(0.0370) 
2.942 

(0.076) 
0.0233 

(0.0260) 
25.984 
(0.815) 

162.24 

0.0263 90.961 < 0.001 0.65 13.11 
(0.0027) 
0.0022 13.136 = 0.001 0.21 0.983 

(0.~6) 
0.0013’ I.060 NS 0.02 LO.48 

(0.0013) 
0.00 I2 7.362 = 0.009 0.13 0.519 

(0.0004) 
- 0.049 12.407 = 0.001 0.21 70.39 
(0.014) 

.- 0.360 21.131 < 0.001 0.31 419.7 

element during caterpillar growth in fig/day 

be typical for this species (Segarra-Carmona and pupae provide adequate iron intake, but adult moths 
Barbosa, 1983). are an inadequate dietary iron source. 

Relationships of elemental concentrations (in ppt 
dry weight) to dry weight during caterpillar growth 
are given in Table 1. Although great variability (as 
evidenced by low r* values) exists, concentrations of 
Ca, Fe and Na rise, Mg remains constant, and K and 
N fall during growth. These differences in caterpillar 
composition may reflect changes in the composition 
of plant tissue being consumed (Segarra-Ca~ona 
and Barbosa, 1983) as well as differences in gut 
fullness. Since significant amounts of N are contained 
in the exoskeleton, decrease in N concentration is 
likely to be related to decreases in surface area to 
mass ratio which accompany growth in caterpillars. 
The excessive K and very low Na levels in caterpillars 
certainly reflect the levels of those elements typically 
found in plants (Weeks, 1978). Table 1 also shows 
the absolute accretion (inpg/day) for each element 
measured. Values given in Table 1 are valid for tent 
moth caterpillars as food, but overestimate retention 
rates for gut-empty caterpillars. 

Table 2 illustrates dry mass concentrations of 
measured elements in pupae, cocoons and adults of 
Eastern tent moths. Values listed for each element for 
mammals and birds represent minimal requirements 
for growth and reproduction in those groups (Na- 
tional Research Council, 1978, 1984). Levels and 
patterns of concentrations differ for each element. 

The pattern for calcium con~ntration is striking 
(Table 2) and is illustrated in Fig. 1. Calcium level 
rises markedly as caterpillars grow. At pupation, 
calcium is voided into the cocoons so that pupal 
levels are considerably reduced in comparison to 
large caterpillars while calcium levels in cocoons 
are extremely high. After metamorphosis, calcium 
con~ntration in adults is lowered further. minimal 
calcium requirements for growing birds and mam- 
mals are quite high (Table 2) and unpublished 
studies in our laboratory indicate that few insect 
species provide adequate dietary Ca. Very large cater- 
pillars nearly meet minimal calcium requirements. 
Pupae (t = 4.43, df = 7, P < 0.01) and adults 
(I = 12.6, df = 6, P -=c 0.001) fall below the minimal 
mammalian requirement of 4.0 ppt. Cocoons contain 
extremely high Ca levels and would represent 
an excellent source of dietary calcium. Cocoons, 
therefore, might be actively ingested by growing 
or reproductively active birds and mammals. We 
know of no studies which test specific consumption 
of cocoons or “tents”, and we have initiated such 
studies. 

Dry Fe concentration rises slowly as caterpillars 
grow, becomes markedly higher in both pupae and 
cocoons and falls to 0 (P < 0.01 ppt) in adults. As 
vertebrate prey, therefore, caterpillars, cocoons and 

In growing caterpillars, dry magnesium levels 
remain constant at about 3.0 ppt. Levels are lower in 
pupae, adults, and cocoons; however, individuals at 
all life stages contain levels of this element which 
exceed nutritional needs of birds and mammals. 

Sodium levels rise stightly during caterpillar 
growth but remain very low and no measurable 
sodium ( <O.OOl ppt) was found in pupae or 

(4.64) (0.080) 

Degrees of freedom = 1 and 48 in ail cases. Accretion is the rate of absolute accumulation of each 

Table 2. Dry weights (=dry mass in mg) and levels of Fe, Ca, Mg, Na, and K in ppt dry weight 
as well as N in % dry weight in pupae, cocoons and adult Eastern tent moths, Mafacosoma 

americonum 

Sample 

Pupae 

cocoon 

Adult 

Mammals 

N D.W. Fe 

8 102.8 0.59 
(9.0) (0.12) 

14 10.8 0.49 
(0.7) (0.12) 

7 65.2 
(12.2) P;, 

0.02 

Ca Mg Na K N 

1.87” 2.58 8.08 II.12 
(0.48) (0.10) (:; (0.24) (0.29) 
17.72 0.13 0.08’ 2.83 22.55 
(1.62) (0.05) (0.03) (0.75) (0.55) 
0.85* 1.37 8.26 16.50 

(0.25) (0.08) (:; (0.57) (1.22) 
4.0 0.4 0.5 2.0 1.9 

Birds 0.08 6.5 0.3 I.5 4.0 3.5 

Values listed for mammals and birds are minimal requirements for growth for each element (National 
Research Council, 1978 and 1984, respectively). Lower resolution for Na level is about 0.001 ppt 
and for Fe is about 0.01 ppt; therefore, values recorded as 0 are less than those levels. 
Concentrations marked with an asterisk fall below minimal avian and mammalian requirements 
for that element. 
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provide adequate dietary Ca but small caterpillars, 
pupae and adults do not. 
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