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SUMMARY

After finding that external morphology alone could not be used to separate
larval Cureulis, research was begun on the possibility of using characrers of a
biochemical and physiological nature. It has been adequately demonstrated by
many investigators that serological reactions are species-specific for many verte-
brate and invertebrate animals. Since these serological reactions are dependent
on certain proteins found in the blood, it was hypothesized that analysis of the
proteins of the blood could also demonstrate these species differences.

Due to the small volume of blood available from an individual insect (.0005-
500 ml), the technique of electrophoresis was used to separate these protein frac-
tions. Samples of blood, 0.001 ml in volume, were obrained from mature
Curculio larvae by means of a ventral thoracic puncrure.

Sixty larvae were tapped and 50 yielded usable patterns. Five prorein frac-
tions were found, three migrating to the positive pole (+) and two to the nega-
tive pole (-). Seven patterns made up of various combinations of these fractions
were found. Approximarely 44 percent of the patcerns were of the type +2 -1.

The number of patterns corresponds exactly to the number of adulr species
identified in this study. The preponderance of the +2 -1 pattern compares favor-
ably to the number of adults; over 41 percent identified as C. pardalis, or near.
The sample size was too small to permit an adequate species identification. Also,
no Curculio could be identified in the larval stage.

It is concluded that definite evidence exists that Curculio blood proteins are
species-specific.
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Biochemistry is basic to the science of animate objects. An individual or-
ganism cannor be defined merely as a simple morphological unit, for this unit
appears only as the end product of a vast number of biochemical systems. It
follows, then, that if phenotypes may be aggregared into taxonomic units on
the basis of morphological characrers alone, e.g., size, color, shape, it should be
equally justifiable to group these individuals at a level more basic than the
morphological shell.

The comparative biochemist attempts to demonstrate that a biochemical in-
dividuality exists, and furcher, that biochemical individuality is a genotypic re-
sponse and may be reproduced in accordance with che laws of genetics. Thus,
just as there exist specific nucleoride units on the chromosome for morphological
characters, cthere are also nucleoride unirs in the same DNA (desoxyribose nucleic
acid) chain which dicrate the biochemistry of the resulting organisms.

In examining individual animals for biochemical specificity, a study must be
made of the physiological systems. In effect, a number of the components of a
particular system must be screened and tested in the same way thar exrernal
morphological characters must be screened and tested for significance in relation
to taxonomy. A phrase which best applies to the application of physiological
traits in taxonomy is “physiological taxonomy” and will be referred to by this
name throughout this paper.

Before atrempting a taxonomic study of any kind, a2 number of conditions
must be fulfilled, whether external morphological characters or physiological
morphology is used. First, an attempt must be made to find a traic which is
genetically stable from parent to progeny and which resists changes brought to
bear by non-genetic influences. Second, enough traits of taxonomic importance
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must be present to permit an evaluation of the phylogenetic position of the
organism as completely as possible. And last, but probably most important,
taxonomically significant characters must be found.

Applications of these three conditions have been found in most cases where
external morphological characters have been used. However, our knowledge of
the biochemistry and physiology of insects at the present time is far from com-
plete. One can only draw parallels from other groups whose physiology is bet-
ter understood and postulate on existing physiological conditions in insects.
Concerning physiological characters, Mayr, Linsley, and Usinger (1953) stated:

Physiological characters have been very unevenly exploited for taxonomic
purposes. Yet in constancy, diversity, and significance they probably far exceed
morphological characters.

In the application of physiology to taxonomy, one point seems obvious;
living material is essential. With the death of the organism, the delicate physio-
logical balances no longer exist and comparartive studies can no longer be made.
When biochemical studies are pursued, the same problem is encountered, as
many of the components of the biochemical system undergo a change of state
with the death of the organism. This is one drawback to the use of physiological
characters at present. However, it seems possible that in the near furure bio-
chemical techniques will allow informartion to be gained from dried museum
specimens, just as this information is procured from living systems. For example,
there are techniques whereby coagulated proteins may be made soluble once
again (Anson and Mirsky, 1931). Thus it is entirely conceivable that even old
museum specimens may yield enough data to consider them as biochemical en-
tities rather than empty morphological shells. Even today, to those taxonomists
who are currently engaged in research on population genetics and speciation,
and those who are utilizing living material, the use of physiological characters
should be regarded with a great deal of favor.

Many physiological systems are present in any living organism. The system
of raxonomic significance must be selected. In insects, the hemolymph probably
is most suitable for qualitative and quantative analysis of component biochemical
constituents, due principally to its liquid state.

The next step is to determine the method of study; in this case, an analysis
of the differences in the chemistry of the hemolymph. A number of compounds
exist in the hemolymph—proteins, amino acids, sugars, lipids, hormones, etc.
A selection of the most “stable” of these compounds must be made. In an ex-
amination of adult vertebrate serology, one finds that diec may alter the con-
centrations of amino acids, sugars, lipids and inorganic constituents for a short
time, so that the same species feeding on different nutrient material may show
different levels of concentration. A study of these components might reflect a
difference in diet rather than one of raxonomic significance. The constancy of
serum proteins, however, has been established in a number of ways and by dif-
ferent authors. On the subject of protein specificity, Boyden (1943) stated:
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1. The antigenic composition of animals is an importanc part of their es-
sential natures and must be considered in any sound natural system of classifica-
fon.

2. Protein antigens are conservative hereditary traits.

3. Good precipitin techniques are well adapred ro reveal the relative degree
of biochcmicarsimilarit}r of protein antigens.

Dr. Bovden’s conclusions were based on data obrained from a wide range of ani-
mals including Crustacea. Cumley, Irvin, and Cole (1941) reported on the typical
inheritance parterns of serum protein differences and similarities in hybrid doves.
Using the precipitin technique on the Pearlneck and the Senegal strains of doves,
they performed a number of back crosses and calculated the probable genetic
responses. They reported:

The results of this and previous investigations show beyond reasonable doubt
that the species-specific qualities of the serum proteins are determined by gene
action and suggest that the toral protein complex of the serum is likewise deter-
mined by genes.

Other investigators have arrived at the same conclusions, which are discussed
in the Review of the Literature.

Since the specificity of serum proteins has been demonstrated in other ani-
mals, both vertebrate and invertebrate, there is no reason to doubrt its existence
in insects.

Determinations of protein constituents of the blood of an individual insect
have hampered physiologists and biochemists. This has been due principally to
the very small volume of hemolymph available from an individual insect. In
past vears a “pooling” of material was the general rule, to obrain a sample large
enough for an analytical run. This procedure is still followed by some workers.
The pooling of material for raxonomic purposes is not only undesirable but it
defeats the entire purpose of a systematic study. The systemarist must be able
to examine one individual and compare that individual with another.

Today a separative technique calletd electrophoresis, is being employed in
more and more entomological research. Quantities as small as one-half lambda
(.0005 ml.) may be analysed for component parts (Stephen and Steinhauer, 1957).
The larvae tested in che present research program, Curculio (Coleoptera, Cur-
culionidae), vielded up to five lambdas of hemolymph, which permitted the
analysis of a single specimen.

REVIEW OF THE LITERATURE

There are a number of excellent texts which may be consulred for details
on the physiochemical basis of the electrophoretic technique, among them being
Block, Durrum,and Zweig (1958), and Lederer (1955). These texts adequately
cover the theoretical and applied aspects of electrophoresis. A brief resume and
studies of the electrophoretic separations of compounds in insect hemolymph
will be outlined here.
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Systematic serology is a relatively new science, the earliest dara on this
subject having been recorded by Nurtall (1901). In his many treatises he at-
tempted to categorize some members of the animal kingdom by means of the
similarity of their serological reactions. He employed the precipitin test of Kraus
(1897) which involved the production of an antiserum in a test animal (rabbir).
The antiserum was tested against other experimental animals and the degree of
precipitation noted. A correlaticn was found: the greater the reaction of precipita-
tion of antiserum and serum, the closer the systemaric relationship of the ex-
perimental animals. Nuttall’s reactions in his first four papers are interesting. In
the first (Nutrall, 1901a) he examined bloods of different animals for serological
distincrions. He stared:

We have in this test the most delicate means hitherto discovered of detect-
ing and differentiating bloods, and consequently we may hope that it will be put
to forensic use.

A litele later the same year, he tested a number of additional animals and con-
cluded from 140 specimens that:

It seems certain that interesting results from the peoine of view of zoological
classification will thus be broughe to light. (Nutall, 1901b)

He then obtained a number of monkeys, representing 18 species, and became
even more enthusiastic as to the application of serology to systematics:

The above experiments, which are being prosecuted on a large scale, the ar-
tempt being made to obrain a variety of antisera, indicate with cerrainty thar we
possess in this test a most valuable aid in the study of classification of animals.
(Mureall, 1901¢)

By the following year, he stated:

I am inclined to believe that with care we shall perhaps be able ro measure
species by this method . . . (Nureall, 1902)

He then summarized his findings and artempred a serological classification in a
text (Nureall, 1904).

Soon after the appearance of Nuttall's articles, a new field of study evolved;
one concerned with the biochemical evolution of animals. If, as Nurteall con-
cluded, antigenic responses were species-specific, then it follows thar there must
have been a biochemical evolution paralleling or preceding morphological evolu-
tion. Although this area is not the specific subject of this paper, it is deserving
of some attention, brief as it may be. If a biochemical character is employed for
systematic appraisal it is necessary to demonstrate that this character follows the
laws of genetic inheritance. And if it can be shown that evolution involved a
number of specific individual biochemical changes, the idea of species specificity
of a biochemical nature may be adequately justified. Haldane (1937) srated:
“Qur final theory of evolution will see it largely as a biochemical process.”

Another biochemical evolutionist, Needham (1929, 1930, 1934, 1936, 1938),
published a greac deal on this subject. His latest text (1942) reviewed the field
of morphogenesis and biochemistry, while his shorter articles dealt with specific
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subjects on the associations of the various evolution theories and biochemical
parallels.

Other investigators, Florkin (1949) and Florkin and Duchareau (1943)
demonstrated the overwhelming evidence in favor of biochemical evolution and
subsequent specificity. A review of these articles is excellent for a first hand ac-
count of the field of biochemical evolurion.

Baldwin (1937) summed up the problem of classical morphology and bio-
chemistry in a short paragraph: viz.,

In the past, as is undeniable, there has been berween classical morphology
and biochemistry a great guif fixed, the precise meaning of which has evaded clear
description and definition. Too exclusive an artention to morphological form, as
has been said, leads to a tendency to people the empry spaces with ghosts. Re-
luctance to see the gap bridged, indeed, must often imply a psychological prefer-
ence for mysticism. But acceptance of continuity involved the interpretation of
morphological form as the ourward and visible signs of molecular and submicro-
scopic configuration and opens up a host of problems to experimental investiga-
Tion.

Although this “gulf” is partially bridged today, a great deal more "building” is
needed. Much more could be said concerning the part played by biochemistry in
speciation. However, che aforementioned authors have reviewed this field ade-
quarely.

The field of systemaric serology may be divided into two distinct caregories,
the first being a systematic appraisal on the basis of precipitin reactions. The
second category is protein analysis, in vitre, of the blood. Since precipitin reac-
tions were the earliest to be employed in systematic appraisal, an inquiry into
this field first would be in order.

Following Nuttall’s preliminary investigations, a number of others began
to examine serological affinites among animals more crirically. Among them
Boyden (1926) studied the relationships of a number of common animals and
indicated thar the precipitin reactions paralleled that of the systematic position
of these forms. Addirional work led him (Boyden, 1934) to examine the rela-
tionship of the serology of animals and their phylogeny. Finally, he reviewed
completely the field of systematic serology (Boyden, 1942). A critique of the
method was given and salient principles and procedures outlined. He called at-
tention to the morphologist and solicited his active support, for the “true”
raxonomist still had lictle regard for the field of biochemistry. Boyden (1951)
also outlined the major advances in the field some nine years later.

Landsteiner is noted for the same interest as Boyden. His revised texc (1945)
was, and still is, the principal text in serological identiry.

Leone, one of Boyden’s former students, is actively engaged in serological
work at the University of Kansas. He has published a number of articles on
serological relationships, principally in the Class Crustacea. From the beginning
of serological work in 1901 down to 1941, the evidence that proteins were
hereditary traits was based on indirect evidence. This is not to imply that the
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evidence was insufficient. On the contrary, the evidence was wholly in favor of
genome response. However, Cumley, Irvin, and Cole (1941) atracked the prob-
lem from the genetic point of view. Their findings emphasize the fact that pro-
teins are “conservative heredirary traits.”

Insect serology is almost as old as serology of other animals, although the
impetus has not been great for these small animals. Erharde (1929) reviewed the
work in insect serology, done principally in Europe. The first recorded work in
the United States was performed by Brown and Heffron (1928). Antiserum was
obrained from guinea pigs after injection of an extract made from a whole male
specimen of the butterfly, Enrymus philodice. The antiserum was tested against
Papilio troilus, Pieris rapae, Eurymus philodice, E. eurytheme, and Argynnis cybele.
Both “papered specimens,” 1% years old, and fresh specimens were tested. Their
conclusions were:

There was a distinct intersubfamily reaction when dried insects were used,
and

There was a distinct inter-generic reaction when freshly killed insects were
used, and

There was no interspecific reaction when dried, closely allied species of in-
sects were used, as E. philodice and E. enrytheme.

Twenty species, representing 14 genera in six subfamilies in the Phalaenidae
(= Noctuidae) and representatives of Sphingidae and Nymphalidae were examined
serologically for phylogenetic relations by Martin and Cotner (1934). Only the
dried thorax was used to make the extract and rabbits were used as the test ani-
mals. Quoting from their paper:
It is evident from the reactions of certain proteins from the above mentioned

species that the precipitin reaction is.useful in determining phylogenetic relation-
ships between genera and sub-families of the family Phalaenidae.

Cumley (1940) compared the serological ranking against the ranking of 14
morphological characters of Drosgpbila. He found serological analysis to be more
effective in the third and fourth ranking units. Leone (1947) tested the serologi-
cal reactions of 11 members of the order Orthoptera for systematic relationships.

He found that:

In general the relative intensities of these precipitin reactions are parallel wich
the systematic posirion of the species compared.

Leone also pointed out:

Admittedly, comparisons using insect sera, or extracts of homologous struc-
tures or organs in the insect body would theoretically present 2 more critical basis
for comparison. However, the use of sera, or extracts of homologous organs are
not always practical when small organisms are being considered.

There are methods available today, however, which may be employed for
individual biochemical analysis. This introduces the second category, i.e., i vitrg
analysis of the protein constituents of insects. But before the development of
serum proteins per fe, in taxonomic studies, is traced, it would be advantageous

to examine the field of paper chromatography in taxonomic studies.
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Paper chromatography may be successfully employed in the separation of
the various amino acids and has been used, in the light of biochemical individu-
ality, to distinguish taxa. Among the many investigators in this area of research
only a few will be mentioned. The importance of this technique is not dis-
counted, but since no information is presently available on the correlation of amino
acid intake and subsequent hemolymph concentration, the question of amino
acid specificity in actively feeding insects is open to debate. Micks and Ellis
(1951, 1952), Micks and Benedict (1953), Micks (1954, 1956), Micks and Gibson
(1957), and Lewallen (1957) have all employed amino acid analysis as a tool in
the separation of mosquitoes and, in one case, ticks {Micks and Gibson, 1957).
In all cases chromatographic analyses of the free amino acids were employed.
Newly emerged and starved adults were treated in such a manner as to precipi-
tate the proteins. A number of adult forms were crushed directly on the filter
paper and a one or two dimentional chromatogram was developed. It is signifi-
cant here to point out that only non-fed.individuals were used, thus minimizing
a nurritional variable.

Buzzati-Traverso and Reichnitzer (1953), analyzing for amino acids in fish
muscle tissue, pointed out that amino acid analysis would become a useful tech-
nique in raxonomic and population-generics studies.

Buzzati-Traverso (1953), working with Drasgphila melanogaster, analyzed free
amino acids from adults crushed directly on filter paper. He demonstrated that
paper chromatography could differentiate two different genotypic strains with an
identical phenotype. He further concluded that the individual’s biochemistry was
constant, thar biochemistry would demonstrate differences with different geno-
tvpes, and that biochemical analysis could uncover genotypic differences masked
by dominance.

Lewallen (1958), altering the standard free amino acid analysis technique,
analyzed the amino acids of the proteins in whole crushed Musca domestica by
acid hydrolysis. Although not relating specifically to taxonomic inquiry, the
author did go one step further than analysis for free amino acids. As this author
showed, it was possible by a number of indirect methods to analyze for the
presence of simple peprides.

It is also possible to analyze for proteins directly by means of paper chroma-
tography. However, the paper chromatography of proteins has not been reduced
to a routine procedure due to the fact that, “every protein system studied may
require a new system of chromatographic development;” also, “electrophoretic
separation of proteins has been so successful” (Block, Durrum, and Zweig,
1958). The use of electrophoresis as a tool in studying animal protein systems is
relatively new. Jameson and Alvarea-Tostato (1939) tested the changes in rat
serum proteins after colostrum injection in an effort to find correlations in
changes of proteinaceous anti-bodies. Applying electrophoretic patterns of serum
proteins to taxonomic endeavors is also quite recent. Deursch and Goodloe
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(1945), working with a Tiselius cell, examined the protein patterns of a number
of vertebrates. They stated:

The electrophoretic patterns of plasma from 20 species of animals obtained
under identical conditions reveal distinct species variation in mobility, amount,
and number of protein components.

Moore (1945) applied the same separative techniques to 2 number of mammals,
some hens, and a fish (carp). He examined the differences with emphasis on
strain and sex differentiation. He pointed out thar:

... It is evident that many species under the conditions studied here present
serum protein patterns which are so characteristic that it is possible to name the
species and in some cases even the strain (rat) and sex (chicken) from a glance at

the pattern.

Many other investigators have used electrophoresis to separate serum pro-
teins of various animals, and each has added comments on the specificity of the
clectrophoretic patterns obrained. Among them may be mentioned Common,
McKinley, and Maw (1953) who worked with bird serum; Gleason and Fried-
berg (1953) who demonstrated the specificity of serum proteins obtained from
rats, frogs, opossums, turtles, Necturus, and a salamander; Berg and Scheiffarth
(1954) who worked with various animals; and Morris and Courtice (1955) who
investigated lipoproteins from various animals.

Electrophoresis of the blood obtained from insects, however, has not been
studied to any great extent.Due to the scarcity of literature dealing with protein
separations, it is rather difficult to determine when the first electrophoretic sepa-
ration of insect blood was made. One of the earliest, if not the earliese, investi-
gations was made by Bowen and Kilby (1953). By electrophoretic mobility pat-
terns, they showed the changes in locust blood protein concentration caused by
clotting of the hemolymph.

Wunderly and Gloor (1953), employing the Tiselius apparatus, examined
the proteins and lipids from whole crushed larvae of Drossphila melanogaster
and D. hydei. They demonstrated that in the lechal genotypes a distincr protein
fraction difference existed and thar the lecthal mutant could be demonstrated in
the larval form by blood protein patterns. These authors came to the same con-
clusions as Buzzati-Traverso (1953), who worked with amino acids. Blood pro-
teins were thus apparently genertically linked characreristics.

Drilhon (1954) demonstrated that the different stages of silkworms ex-
hibited different protein patterns. She used the Elphor II paper electrophoresis
apparatus, a veronal buffer and Whatman #1 paper. Proteins were detected by
both ultra-violet flourescence and by amido black stain.

Clark and Ball (1956) demonstrated a number of protein fractions in Droso-
phila, Periplaneta, and Blattela using the Antweiler micro-electrophoresis appara-
tus for determination of the proteins present. Stephen and Steinhauer (1957) ex-
amined the blood of five species of insects and compared the differences in pro-
tein patterns in connection with various developmental stages of the insects. As
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Drilhon (1954) previously demonstrated for the silkworm, these authors found
marked differences in different developmental stages and in the sexes. Quoting
two conclusions from their paper:

1. Species specificity of proteins in insect blood is indicated. The specificity is
of a qualitative nature and may be represented by from two to five fractions, de-
pending upon the species studied.

. . . 5. The size of the blood sample required for analysis, which ranges from
0005 to 0.01 ml.,, permits a broader application of this method to an analysis of
individual and population variation.

Micks (1953) employed infra-red spectrum analysis for determination of
species of mosquitoes. This is a new approach, and although nothing has ap-
peared in the literature since, it appears worthy of further consideration.

METHODS AND MATERIALS
Preparation of the Sample

Acorns were collected from various sections of the state and returned to Co-
lumbia for rearing larvae. (Rearing procedures are outlined in Missouri Experi-
ment Station Research Bulletin 747.) Marure larvae, naturally emerged from
their acorn hosts, were used for blood analysis. Each larva was held manually
while the point of a sharp, hooked scalpel blade pierced the ventral thoracic
integument. Great care had to be exercised during the tapping operation, for if
too deep an incision was made the far body and part of the proventriculus
would prevent the accumulation of a clear sample of hemolymph. The
hemolymph was then drawn into a capillary tube, which had been sterilized in
alcohol and flamed, and expelled into the polished bottom of a depression slide.
A calibrated ultramicro pipette was filled from the slide to the one lambda mark
and applied as a spot to the paper strip. Following the blood tap, the larvae
were preserved in KAA for subsequent dissection and embedding.

All dissections were accomplished with the aid of a binocular dissecting
microscope at a magnification of 20 diameters. The head was severed from the
body and turned ventral side up. The labium and associated maxillae were re-
moved and placed in 10 percent potassium hydroxide. The adductor mandibular
muscles were severed and the mandibles spread so that cthe labrum could be
seen clearly. The head was also placed in the macerating solution overnight.
Afrer maceration was completed, the parts were embedded on microslides in
Hoyer’s medium. Before the coverslip was affixed to the labial preparation, the
lefr maxilla was separated and turned dorsal side upward so that the seration on
the dorsal face of the mala might be viewed.

Due to the thickness of the head capsule, 2 mounting cell had to be made
and was constructed of ordinary modelling clay. (See Figure 1.) The clay was
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Fig. 1—A slide mount of the head capsule (left) and asseciated mouth parts (right) of @ Crroulio
larva. The ring surrounding the head capsule is modeling clay.

rolled into long strips which were circled on the slide to a diameter of about
10 millimeters. The slide was filled wich Hoyer’s, the head capsule inserted, and
the coverslip affixed.

The slide material was examined with a compound microscope at magnifica-
tions of both 100 and 440 diamerers. A special table was constructed and the
images of the larvae projected directly on tracing paper. This method was fol-
lowed for all larval drawings to assure accuracy in retaining the proportionality
of component parts. The drawings were examined for salient morphological
structures; findings were entered on punch cards. These cards were coded for
serological and morphological correlations.

Electrophoresis Preparations

A horizonral electrophoresis cell was used in these experiments, following
the technique of Weiland and Fischer (1948). The apparatus was of commercial
manufacture, made by the Ivan Sorval Company, of Stockholm, Sweden. The
buffer compartments of the apparatus were filled with Veronal (sodium barbital-
acetate solution) buffer having a pH of 8.6 and ionic strength of 0.05. Filter
paper strips, type S&S 2043A, 12 inches long and 1 inch wide, were marked at
the center and placed between the buffer compartments. Six such strips were
used for each run. The papers were then wetted with an atomizer filled with
buffer solution. The area containing the strips was sealed under a heavy glass
plate and an electrical potential was applied. This blank run permitted the ap-
paratus to arrive at a stable operating temperature and aided in the saruration
of the area between the glass plate and the paper (Fig. 2).

After the initial warm-up run, a sample of hemolymph was applied to the
center spot. Six individual larvae were run ar one time. Each run lasted nine
hours at a current of seven milliamperes. No potentials were recorded with this
apparatus as there was no power supply voltmeter. At the conclusion of a run,
the papers were dried in a hor air oven at from 130° to 140° C. for 30 minutes.
The strips were then stained in bromphenol blue for six hours. After two rinses
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Fig. 2—An L. K. B. horizontal electrophoresis unit, manufactured by the lvan Sorvall Company,
Stockholm. Right, power supply. Left, cell for the paper strips.

Fig. 3—A densitometer for evaluation of the stained protein spots on filter paper fellowing elec-
traphoretic separation. This unit is manufactured by Photovolt Corp., Mew York City.
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Fig. 4—Measuring device used for evaluating the graphs obtained from densitometric graphs of
electrophoresis strips. The transparent millimeter rule may be seen at the center over a graph.

in 5 percent acetic acid and a fixing bath, a mixture of 5 percent acetic acid and
3 percent sodium acetate (50-50 v/v), each for six minutes, the papers were air
dried at room temperature for 24 hours. Scanning of the strips was accomplished
with a Photovolt transmission densitometer (Fig. 3). A graphic record was made
of the number of spots and the densities of each. The distance separating peaks
of the graph and the heights of the peaks were recorded in millimeters (Fig. 4).
Length-frequency distributions of the resulting spots were plotted for the various
protein fractions.

All information obrained from the serological analysis was entered on punch
cards and correlations of the morphological data and serological data were begun.
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RESULTS AND DISCUSSION

Before proceeding with the results of the systemaric phase, a discussion of
some of the information obtained from the electrophoresis trials may be of
value.

The protein patterns obtained by the methods previously described were
quite satisfactory although a number of modifications markedly improved strip
patterns. Although the horizontal strip electrophoresis apparatus gave acceptable
results, a newly acquired Durrum type cell (Fig. 5) seemed far superior. In
preliminary tests with blood of a number of insects, patterns appeared to be a
good deal sharper. There was also much less risk of water condensation on paper
strips during the run and the migration rate of the fractions was much more
rapid.

A different filter paper, Whatman #54, proved far superior to S&S 2043A.
This finding is in accord with findings of other investigators (Block, Durrum,
and Zweig, 1958; Lederer, 1955). The barbital buffer remained essentially un-
changed, except that for a more stable pH range and economy, a home-made
buffer was used. This home made buffer contained reagent grade sodium barbital
buffered with acetic acid to the desired pH. It was noted that with the com-
mercially-prepared buffers, a salting out occurred on the anode (positive elec-
trode) which could be removed easily by reversing the polarity of the electrodes

- et rer—py— E——

- - -

Fig. 5—A hanging strip, Durrum type electrophoresis cell, manufactured by the Shandon Scientific
Co., London.
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Fig. 6—Frequency distribution of the hemolymph proteins of 54 Curculio larvae exhibiting the

relative migration (Rm) in millimeters from the origin (0) to the pesitive [+) and negative (-]
fields. Five protein fractions are present.

for a few minutes. The home-made buffer, however, did not precipitate, and
could be used indefinitely if the pH was checked and adjusted after each run.
This procedure required the emptying of both buffer compartments after each
run and thoroughly mixing the used barbiral.

Sixty larvae were analyzed for blood proteins. Of these, 50 larvae yielded
usable patterns. A number of factors eliminated the 10 from the sample, includ-
ing the active condensation of water on the strip during the run, which resulted
in a streaked protein pattern. One strip got too close to the heating element and
was charred; another strip dropped to the floor.

A frequency distribution of the resulting spots clearly indicared five dis-
tinct fractions, three migrating anodically (positively) and two cathodically
(negatively) (Fig. 6). The strips were examined qualitatively and individual
parterns were found, made up of various combinations of the five-spor total.
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POSITIVE 8 NEGATIVE £
FIELD _ 8 FIELD

Fig. 7—S5tained electrophoresis strips of the hemolymph proteins of Curcalio larvae showing seven
patterns as indicated at the right. The origins are indicated by the arrows.
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They were grouped as follows (Fig. 7):

3 positive spots and 2 negative spots (+3-2)

2 positive spots and 2 negative spots (+2-2)

1 positive spot and 2 negative spots (+1-2)

3 positive spots and 1 negative spot (+3-1)

2 positive spots and 1 negative spot (+2-1)

1 positive spot and 1 negative spot (+1-1)

3 positive spots and 0 negative spots (+3-0)

This fact is evident: seven partterns were obrained from randomly selected
larvae. This number compares exactly with the number of species of adults ob-
rained in the rearing operation. Table 1 shows the marked preponderance of the
+2-1 pattern, 44 percent of the samples exhibiting this configuration. Of the

TABLE 1--FREQUENCY DISTRIBUTION OF MATURE LARVAL CURCULIO
SERUM PROTEIN PATTERNS, FOLLOWING
ELECTROPHORESTIC SEPARATIONS

Pattern Number Number of
Number of Spots Individuals Percent
1 +3-2 2 4
2 +2-2 8 16
3 +1-2 2 4
4 +3-1 T 14
5 +2-1 22 44
6 +1-1 8 16
T +3-0 1 2
Total 50

280 adults reared and identified, 41 percent were members of the C. pardalis
complex. It seems probable that with the proportions so close, this pattern rep-
resents the complex.

This is certainly an excellent indication that the morphology of larval Cur-
culio is quite variable. The characters which have been chosen are relative rather
than absolute, with size, shape, and angles being the only differences found in
the frontal arms and the epipharyngeal rods, and the number of serae on the
mala. With the low sample size, a significant coefficient of correlation berween
morphological and serological characters was difficult to obrain, although indi-
cations of this correlation were evident.



Fig. 8—(A) Diagram of the head capsule of o Crrenlio larva, dorsal view. (B) Labrum and clypeus,
ventral view. [C) Dersal aspect of the right maxilla. CL, Clypeus; ENC, endocaring; EP, epicranium;

ES, epicranial suture; FR, front; LM, labrum; LR labral rads; MA, maxillary mala: MD, mandi-
ble; MXP, maxillary palpus.

The frontal arms meet in an angle at the junction of the epicranial suture.
These were divided into categories as follows (Fig. 8):
1. angle acute, sharp.

2. angle acute, round.
3. angle obtuse, round.
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Fig. 9—A through D, ventral view of the labrum of Curcalio exhibiting the labral reds. (A) reds
short and parallel; (B) rods short and convergent; (C) rods long and parallel; (D) rods long and
convergent. E through G, dorsal aspect of the front to emphasize the frontal triangle. (E) Angle
acute and sharp; (F) angle acute and reunded; (G) angle obtuse.

The labral rods were either parallel or mer at an angle, were thick or thin,
and long or short (Fig. 9). The ratio of width to length of the thick rods was
over 0.6, that of the thin rods was under 0.5. Long rods reached the middle
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margin of the clypeus; short rods reached no farther than the anterior margin of
the clypeus. Malar setae varied from four to nine on the dorsal face, bur proved
quite variable, even on the same individual.

The best that might be accomplished on the basis of the information at
hand is an examination of the comparisons of serological dara with morpho-
logical unirs. '

Serum Pattern £1 (43-2)

Two individuals are represented in this pattern with a scrong single group
indication. Both individuals had acure frontal angles and possessed long diverg-
ing labral rods. The number of setae on the dorsal side of the mala was five in
one case and six in the other.

Serum Pattern 52 (+2-2)
Eight individuals are represented in this category. Two groups appear from

the dara, separation based on the acute fronral angle associated with long paral-
lel labral rods and an obtuse frontal angle with diverging short labral rods.

Serum Patrern =3 (+1-2)

Two forms show tortally different characteristics so that no conclusion could
be reached.

Serum Pattern =4 (43-1)

All seven individuals possessed acute frontal angles, but three had long
parallel labral rods and three had long diverging rods. One individual had shorr
diverging rods. Two strong groups, on the basis of the labral rods, can be dif-
ferentiated from this category. One form appears abberant as it is distinct from
all others in this group.

Serum Pattern =5 (+2-1)

This group constituted the pattern best represented in this study, 22 forms.
The grouping of this pattern is as yet indistincr, with only slight indication of
a double grouping system. From the diversity of forms, it appears that, serologi-
cally, this represents a complex which may be fairly close to the C. pardalis
complex.

Serum Pattern #6 (+1-1)

Two strong categories were indicated by these eight individuals; good as-
sociation was noted berween acute angle of the frontal and parallel rods, and
obtuse and diverging rods.

Seraum Pattern =7 (+3-0)

This is the only specimen which was rorally different from the rest, the
head area being 3 the size of the other individuals. Morphologically, it was
distinct and serologically it followed the same pattern.
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The exact position of the serological patterns in relation to the morphology
of these larvae is still somewhart obscure. At present it is not entirely possible
to separate these forms from the data at hand. The reasons are obvious. First,
the sample size is much too small to cope with the grear variability of morpho-
logical characters found in this study. Second, the application of physiological
taxonomy is a new tool; consequently, adequate appraisal may be obtained only
from known, morphologically distinct, larvae.

The one great difficulty encountered in this study was the fact chat an ar-
tempt was made to determine species by blood protein analysis of unknown in-
sects. Since controlled oviposition could not be obrained, the larvae did not rep-
resent known species. Could they have been reared to adulthood and the adults
identified, definite correlations of species and blood patterns might have been
found. Even today, these larvae cannot be identified by species. It is axiomatic
that specific distinctions are not necessarily represented by morphological char-
acters, as evidenced by our knowledge of sibling species. Even as Cumley (1940)
found for Drpsgphila, and as Buzzati-Traverso (1953) for the same genus, genotypic
differences may not be indicated by varying phenotypes. Thus it is possible that
the variable morphology of the Curculio larvae may be of little value in taxo-
nomic distinction, whereas biochemical differences may offer the first step in
breaking the species complex.

The biochemical phase of this investigation has proven to be of great po-
tential value to taxonomy. As discussed earlier, many larvae were examined
morphologically with no distinct differences noted. Yet only 50 larvae, by blood
protein determination, were required to give the best separation when compared
with identified adults. Two things, requiring many years of additional work,
have yer to be accomplished to complete the project. First, a much larger sam-
ple size must be obrained, and second, but most important, blood taps must be
small enough to permir the larva to remain alive and complete its life cycle.
Thus the final accumulation of data will include blood protein patterns, larval
head capsules, and their corresponding adult forms.
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