Photographic Estimation of Weight of Insect Larvae’
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p nding on the nature and lim-
itations of the investigation. Although weighing is most
zccurately accomplished with the use of a microbalance.
there are many situations when this is not feasible. For
. the vounger stages of many insects are highly
Gelicate and should not be handled, particularly if the
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pheromenon under investigation has a behavioral com-
ponent which might be affected by minor damage during
handling. This has tended to discourage investigations
of the carlier instars (Secriber and Slansky 1981), vet
these larvae may be the most sensitive indicators of host
plant or environmental guality (Isman and Duffey 1982).
Weight or size may be estimated by various tech-
nigues. Two of the most widely used are based on head
capsule measurements (Dyar 1890) and body length
measurement (e.g., Schoener 1980). In the latter tech-
nique, caliper measurements are used 1o estimate weight
by solution of a predetermined regression equation, where
weight is exprcsced as a function of the body length.
Rogers ct al. (1976) report a general length-dry-we ight
regression for insects, but these authors suggest that for
creater accuracy a scparale regression line should be
calculated for each type of insect under investigation.
In many cases, the use of calipers is not feasible.
either because the insect is small and delicate or has an
unusual body posture, or because the live insect is ac-
tive. In those cases, optical measurement is the most
feasible solution. In this paper we discuss a photo-
erzphic method for optical measurement and test its ac-
curacy in estimating body weight. The method has the
following advantages: (1) the insect is never mechani-
celly disturbed; (7) measurement is virually instanta-
ncous, so thal moving insects can be investigated: (3)
the method is more accurate than techniques based on
head capsule or body length measurements; (4) the method
gives a reasonable approximation to body weight with-
out the use of a predetermined regression equation; 2nd
(ﬂ many insccts may be photographed rapidly and eas-
_maximizing the rate at which data are collected. The
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FiG. 1.—Silhouene of 2 H. cydno larvae showing the method

used to estimate body volume for a larva curved on the plant

suriace. :

sections of curved regions were treated as ‘‘curved rec-

.;ng¥ ,"" as shown in Fig. 1. The volume of each sec-
T W

ton dSCa.]\,L lated as (D/2)*-§-L,, where D, is the dizmeter
of section 1 and L, is the Icngkh down the center of

n
section i. Summing the volumes of all the sections

i=
(D,J‘_

For 7. geminaia, a slightly modified procedure was
used in which photographs were taken from both 2 top
and side view. Overal] length, average width (top view),
and average height (side view) were then measured and
used to calculate volume by assuming that the larvae
were elliptical in cross section. This method of analysis
was much faster in that fewer measurements and cal-
culztions were necessary. It was significantly Jess ac-
curale than the technique for H. cydno, however, as
indicated below.

The measurement and calculations given above yield
estimates of volume which are proporional to the amount
of magnification during photography and subsequent
projecuon. They are thercfore usable in calculations such
as relative growth rates where relative rather than ab-
solute measurements are needed. To calculate absolute
volume, the relative volumes must be divided by the
cube of the magnification factor. The magnification fac-
tor itself may be determined from the observed enlarge-
ment of the ruler or labels included in tie photographs.

Larvae were weighed to three significance figures on
& Czhn electrobalance (model 7500) immediately before
or after photography. Figures 2 and 3 plot the natural
Jogarithm of weight for T. germinaia and H. cydno lar-
vae as z function of the natural Jogarithm of estimated
volume. Linear regression was performed on the log-
tensformed volumes and weights, and the SD of the
residuals was calculated. This quantity (SE) estimates
the amount of crror expectced in using the technique, and
the guantity ¢*% is about equal 1o the coefficient of var-

_ztion in estimated weight.
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A scpurate enzlysis was done on H. cydno to compure

the accuracy of the photographic technique with esti-

maies based on head capsule width and body length.
The latter two dimensions were measured with calipers
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Fic. 2.—Log volume versus Jog weight for 7. geminaie from
Ist to 3rd insters.
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Fic. 3.—Log volume versus log weight for . cvéno from
Ist insiar to prepupae.

on live larvae, and the live larvae were weighed. The
larvae were then killed by fr eczing and cried 1o consiant
weight at 60°C in a drving oven, aﬁc. which they were
reweighed. Regression analysis and czlculation of SEs

was performed on both live 2nd dry weights as 2 fx.n..-
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of different ages. The best estimate was ob-
by considering width x height (1 = 0.926). but
surement based on width alone or height
y slightly less accurate (©* = 0.890 and
). The deviation of points zbove and
“ the regression line indicate that the T. geminaia
ent technigues vield a coefficient of variztion
ated weight of ca. 25%. This measerement tech-
nique therefore is sufficiently accurate to estimate growth
s over 3- 10 4-day periods where the insccts increase

in size by 500 to 5,000%.

The H. cvdno measurements (Fig. 3) were more zc-
curate, due 10 the more precise measurement technigues
mployed (Fig. 1}. Here the devization of points zround
he regression line indicated ca. 12% coefficient of var-
ction in estimated weight. Since these larvae typically
double in size every 30 to 40 h, this measurement tech-
e is sufficient}y accurate 10 assess dzy-10-day changes
i weight. In fuct, using the method at 6-h intervals
produces a reasonzbly smooth growth curve (Smiley
unpublished data).

As indicated in Table 1, the photographic method
estimates wet weight and dry weight with ca. two 10
four times the accuracy of linear measurements on head

zpsule width or body length. The technigue thus ap-
<zrs 10 be suited to investigations where accuracy is
desired, such as measurement of inscct growth over a
shert time period. Dry-weight estimation appears 1o be
less accurate than live-weight estimation by any of the
technigues, but the fact that it can be estimated reason-
ably accurately (<20% coefficient of variation) in very
small larvae (<1.0 mg) suggests that this technique might
be useful in laboratory investigations of early instars.
However, we suggest that the greatest utility of the pho-
tographic method, will be in field studies of larval growth
rates. Here photography may be used to estimate weights
on live animals whose movement and unusual body pos-
wres confound simple Jength and width measurement,

s

Table 1.—SEs of weight estimates of /. eydno*

As estimated by: Live w1 Dry w1

Head width 0.41 (51%) 0.48 (62%)
Body length 0.22.(25%) 0.25 (28%)
Photo vol 0.12 (13%) 0.18 (20%)

°SEs (SD of residuals) 2fter linear regression of logarithmically trans-

formed duiz. Approximaie percent cocfficients of variation are in pa-
rentheses.
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