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NEW MUTANTS

Report of R.W. Beeman

T. castaneum
Dusky. (bd).  Autosomal recessive with complete penetrance and excellent viability.  Discovered in considerable numbers in the standard Menhattan laboratory strain.  Allelic with tawny (bt), but not as dark.  Dusky is readily distinguished from tawny en masse, but the two are somewhat difficult to distinguish in mixed populations.  May be a recurrence of cordovan (bcd).  A more complete description will be published elsewhere.
Resistance to malathion. (Rmal).  Autosomal semidominant with no recessive lethal effects, excellent penetrance and viability.  Confers 50 to 100-fold resistance to the insecticide malathion.  Shown no linkage with groups I-V, and VII-IX.  It is linked with Microphthalmic (Mo) on VI at a crossover distance of 24%.  Rmal is the first trait found to be linked with Mo, and the first insecticide resistance gene to be successfully mapped in the order Coleoptera.  A more complete description will be published elsewhere.
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* The map position of the sex-linked genes alate prothorax, crumpled, eye-spot, Horned gena and red.

Since preliminary crosses have shown that crumbled (cru) and Horned gena (Hg) and sex-linked crosses were made between (a) Hg and apt, (b) Hg and cru, (c) Hg and es and (d) Hg and r.

Female F, progeny from cross (a) were back crossed with apt and Hg males; from cross (b) with Hg and cru males; from cross (c) with Hg and es males; and from cross (d) with Hg and r males.
The recombination values were:


Hg – apt = 30.0


Hg – cru = 53.6


Hg – r = 41.5


Hg – es = 45.7

Crosses were made between Hg es females and apt males and between Hg r females and apt males to determine the map position of these genes from three point data.  The results, to be published elsewhere, make it possible to construct the following map of the x-chromosome :

[image: image1.emf]
The position of cru remains uncertain.  This mutant can easily be identified in stock, but its expression and penetrance are greatly altered on outcrossing.  The linkage data so far available suggest.  It is located between es and apt.

NOTES-RESEARCH
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* A preliminary field test of the aggregation pheromone of Tribolium brevicornis.

With the accidental discovery of the natural habitat of Tribolium brevicornis by Sokoloff et al., an opportunity has arisen to test under natural conditions the attraction of the aggregation pheromone to natural populations of T. brevicornis.
Pheromone Extraction and Collection

Insect volatiles were collected in an aeration chamber as described by (Cross et al., 1976).  The system consisted of a glass chamber with a brass screen inserted to support approximately 250 adults T. brevicornis.  Air was drawn over the insects by vacuum applied downstream of a Tenax (2, 6-diphenyl- p-phenylene oxide, Applied Science Lab, PA) holder.  Air was filtered through activated charcoal (50/80 mesh, Fisher) upstream of the aeration chamber.  Insects were aerated at 0.5 liter / min for 7 days.  A control aeration was performed in the same way but without beetles.  The concentration of volatiles collected during aeration was expressed quantitatively in terms of insect day equivalents (IDE), so that 1 IDE the volatiles from 1 insect in 1 day.  After aeration, the Tenax was extracted with 3 successive 10 ml rinses each of spectrophotometric grade methanol.  Solvent was evaporated by N2 leaving approximately 0.1 ml of a yellow residue.  The extract was transferred to a chromatographic column packed with silica Gel 40 (E. Merck, Inc.), 70-230 mesh.  The column was successively eluted with (1) 100 ml of n-hexane (2) 100 ml of diethyl ether, (3) 100 ml of chloroform, and (4) 100 ml of methanol.  The biologically active fraction was saved and concentrated to approximately 0.1 ml.  The residue was then spotted on silica gel-G chromatoplaets.  The plates were developed in ethyl ether / hexane (25:75) until the solvent front had moved 18 cm from the origin.  The biologically active zone (Rf = 0.6 – 0.65)  was removed, and eluted with methanol, and visualized with 2,4 – dinitrophenylhydrazine and phosphomolybdic and spray reagents.
The extracted pheromone was analyzed quantitatively by gas liquid chromatography (Varian 3700, equipped with a flame ionization detector ad a Spectro-Physics 4100 Integrator).  Nitrogen was used as the carrier gas at a flow rate of 54 ml / min through 5.5 m x 6.0 o.d. stainless steel column containing OV-17 on Gas Chrom Q (80/100 mesh) and 10% Se-30 on Gas Chrom Q (80/100 mesh) equipped with an effluent splitter (80:20 split ratio).  The extracted pheromone was analyzed isothermally at 1200c and on programmed runs from 120-2400c at 40c/min.

The extracted pheromone was placed on a highly absorbent paper disk in 5.0 – 10.0 ml quantities and the charged disk placed in a specially constructed insect trap (see Faustini and Sokoloff’s note describing this trap in the Technical Notes section of this issue of TIB), either attached to the nylon thread on the outside of the funnel, or inside of the trap itself.  A total of 25 traps were placed next to alder trees on the hottest day of the summer of 1982 (August 12, when the temperature was 112 F., i.e. 440c), and left in place for about 24 hours.

The contents of the traps were carefully examined in the laboratory.  In one of the traps there was a Tribolium brevicornis male.  It must be remembered that not all of the alder trees are suitable for the establishment of inquilinism of T. brevicornis.  Favorable sites for the flour beetle appear to be the balleries and nests established by Megachile.  Hence, the presence of even a single beetle in any of the traps must be regarded as a successful positive result.  We are planning to repeat the experiment when the temperature is more favorable.
This investigation was supported in part by the Stored Product and Household Insects Laboratory, AR, SEA, USDA, Department of Entomology, University of Wisconsin, Madison 53706, and the Biology Department, California State College, San Bernardino, California 92407.
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* The genetics of peptidase variants in Tribolium castaneum.

A survey of laboratory populations of T. castaneum and T. confusum for genetic variation at electrophoretically detectable enzyme loci has turned up a number of polymorphisms (Dawson and Hollingsworth, 1982; Riddle, Iverson and Dawson, 1983; Samollow, Dawson and Riddle, 1983).  Here we report the genetic basis of phenotypic variation for a peptidase enzyme in T. castaneum.
MATERIALS AND METHODS

Electrophoresis: We used pupae for electrophoresis because we have been generally unsuccessful with adults, and because amylase activity in larvae destroys our starch gels.  Individual pupae were homogenized in 10 µl of grinding buffer (0.1 M Tris, 0.001 M EDTA, 5 x 10-5 M NADP, pH adjusted to 7.0 with HCl) in a ceramic spotting tray (Coors 00) with a glass rod.  Electrophoresis was carried out on horizontal starch gels of 12.44 g Sigma Starch (lots 60F-0558 and 70F-0064) per 100 ml of buffer.  A tris citrate buffer system (Shaw and Prasad, 1970) was used (gel buffer: 9 mM Tris, 2.9 mM citric acid, pH 7.0; electrode buffer: 0.135 M Tris, 43 mM citric acid, pH 7.0; Current, 175 volts (15-18 v/cm) for 4.5 hours.
After electrophoresis, the gel was removed and stained using 40 mg glycyl-L-leucine, 10 mg snake venom (Crotalus atrox), 20 mg peroxidase, 10 mg O-dianisidine-diHCl, 50 ml 0.05 M Tris-HCl (pH 8.0), 0.5 ml MnCl2 4H2O, and incubated in the dark at 370c until orange bands appeared.

Phenotypes: Three phenotypes were found in some populations, including our outbred Oregon synthetic population.  There was a Fast band that migrated anodally an average of 2.5 mm, a Slow band that migrated an average of 2.5 mm cathodally, and a large band that covered the entire area from – 2.5 to + 2.5 mm.
Our genetic model was that these three phenotypes were the result of two alleles at a single autosomal locus, Pep1.00 and Pep-1.00, which we refer to as P1 and P2.  Genotypes and phenotypes under this model were: P1P1 (Fast), P2P2 (Slow), P1P2 (large band).

Matings: Pupae were collected from a single-pair mating in which all 14 of the progeny scored for PEP were “large band” and from a laboratory population monomorphic for the Fast band phenotype.  A number of replicate single-pair matings were made for each of two different crosses.  First, males and females from the single pair mating were crossed.  If our genetic model was correct, these should be matings between heterozygotes, and should yield a 1 Fast : 2 large band : 1 Slow distribution of offspring.  Second, females from the single pair mating were individually mated to males from the laboratory population.  This should be P1P2 X P1P1 and should give a 1:1 ratio of large band : fast.
RESULTS

Data from the matings are given in Table 1.  In both types of crosses, the data are consistent with the proposed model.  Therefore we conclude that the inheritance of PEP phenotypes can be explained by a single autosomal locus with two alleles.
As mentioned earlier, our Oregon synthetic population is polymorphic for PEP phenotypes.  Samples taken during 1974-1975 yielded 4 slow, 34 Large band, 103 Fast; allele frequencies were 0.149 P2 and 0.851 P1.  In 1980-1981 we scored another sample, yielding 2 Slow, 13 Large band, 43 Fast; allele frequencies were 0.147 P2 and 0.853 P1.  The polymorphism appears to be a rather stable one in this population.
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Table 1
Progeny from matings segregating for PEP phenotypes, and chi-square tests for fit to the proposed genetic model (genotypes in parentheses)
	Parents
	Offspring

	Male
	Female
	
	Fast (P1P1)
	Large band (P1P2)
	Slow (P2P2)
	X2

	Large band (P1P2)
	Large band (P1P2)
	Males

Females
	5

7
	16

20
	10

10
	

	
	
	Total
	12
	36
	20
	2.12

	Large band (P1P2)
	Fast

(P1P1)
	Males

Females
	18

15
	18

14
	0

0
	

	
	
	Total
	33
	32
	0
	0.02


Kramer, Karl J., Richard W. Beeman, Thomas D. Morgan, Theodore L.
Hopkins, George L. Lookhart, Yoichi Aso and Craig R. Roseland.
U.S. Grain Marketing Research Laboratory, ARS, U.S.D.A.,

Manhattan, Kansas 66502


and

Department of Entomology

Kansas State University

Manhattan, Kansas 66506

* The biochemical basis for the black mutation in T. castaneum
Catecholamines such as dopamine (DA), N-acetyldopamine (NADA) and N-β-alanyldopamine (NBAD) are important metabolites for the sclerotization and melanization of insect cuticle (Brunet 1980, Hopkins et al. 1982, Kramer et al. 1983).  A complex interplay of enzymes which catalyze catecholamine biosynthesis, conjugation, oxidation, de-gradation and utilization determines the titer and distribution of cuticular tanning substrates in insects.  The type of cuticle formed and its pigmentation appears to depend in part on which catecholamine is produced and subsequently utilized for the formation of sclerotin or melanin.  For example, NADA is used for colorless sclerotin, while unconjugated DA is used to form melanin (Brunet 1980).  β-Alanine (β-ALA) also plays an important role in cuticle sclerotization, apparently due to its conjugation with DA (Hopkins et al. 1982).  NBAD is a major catecholamine in insects that form brown pupae, puparia or adults.  This is consistent with previous observations that β-ALA is incorporated into brown but not black cuticle (Seki 1962, Fukushi 1967).

Certain mutants of the red flour beetle.  Tribolium castaneum Herbst exhibit varying degrees of adult body coloration (Sokoloff et al. 1960, Barlett et al. 1962).  In order to determine whether a correlation exists between body color, catecholamines and β-ALA, we have compared metabolite levels in wild-type and cuticle pigmentation mutant strains of T. castaneum.


The major electroactive compounds present in the wild type and black mutant strains of T. castaneum were found to be NADA and DA with lesser amounts of NBAD, dihydroxypneylacetic acid (DOPAC), dihydroxybenzoic acid and several unknown chemicals.


In terms of individual metabolites, the black strain exhibited the highest titers of NADA and DA but the wild strain contained the highest level of NBAD and especially the direct precursor of NBAD, β-ALA (Table 1).  During adult sclerotization in the wild type strain, NBAD increased about six-fold, NADA decreased slightly while DA remained essentially unchanged (data not shown).  NBAD did not increase during the 48-72 hr post eclosion period in the black mutant strain but decreased to less than 5% of the level achieved in the wild type adult.  Both NADA and DA titers in the young black mutant adult were greater than 3 times higher than levels in the wild strain.  Catecholamine titers fell precipitously 72 hr post eclosion.  These data suggested that the darker pigmentation may be due to the lack of a significant production of β-ALA and NBAD together with elevated levels of NADA and DA present during adult sclerotization.

Dramatic evidence for this was obtained by our successful attempt to “rescue” unmelanized adults from expressing the black phenotype by injecting β-ALA into the henolymph.  Of 74 teneral b/b adults injected with 0.1 µl of 4 M β-ALA; most darkened to the wild-type rust-red body color, and only 8% developed black phenotype.  In contrast, 87% of 63 controls injected with either saline or 2 M lysine developed the black phenotype.  Most of the remaining control insects appeared to suffer a disruption of normal tanning as a result of the injury of injection.


We also examined tanned elytra (collected approximately four days post eclosion) for the presence of catechols.  The major metabolites in the wild-type elytra were DOPAC (122.53 µmole/g), NBAD (0.83 + 0.05 µmole/g) and DA (0.37 + 0.24 µmole/g).  Only trace amounts of NADA were present.  Elytra from the black mutant attained one-third the level of DOPAC (42.13 + 11.71 µmole/g), five times the level of DA (1.87+ 0.44 µmole/g) and one-ninth the level of NBAD (0.09 + 0.06 µmole/g).  DOPAC was the predominant catechol in exocuticle from two other beetle species, Tenebrio molitor and Pachynoda ephipiata (Andersen 1975).  Apparently the catechol acid is a degradation product derived from surplus tanning substrates such as dopamine and NBAD which are present at less than one-tenth the DOPAC concentration in completely tanned tissue.  NBAD was detected in wild-type elytra at seven times its concentration in whole body extracts of the wild strain, but it was greatly diminished in the black elytra.  This result together with the elevated DA level in black elytra also indicated that lower NBAD and higher DA results in a darker cuticular pigmentation.

NBAD, NADA and DA all serve as substrates in vitro for cuticular phenoloxidase (Barrett and Andersen 1981, Hopkins et al. 1982, Kramer et al. 1983).  This enzyme probably generates the quinone crosslinking agent(s) for cuticle sclerotization.  In Manduca sexta there were major accumulations of NADA in larval cuticle where there is an absence of appreciable color and of NBAD in pupal cuticle which is brown (Hopkins et al. 1982 and unpublished data).  In the red flour beetle the larvae and pupae (with lightly colored cuticles) contained primarily NADA, the adults with brown cuticle moderately high levels of NADA, DA and NBAD, and the adults with black cuticle relatively high levels of NADA and DA together with low levels of NBAD.  Apparently the degree of cuticular pigmentation is determined in part by the relative concentrations of the catecholamine substrates acted upon by tanning enzymes.

In summary, results of experiments comparing catecholamine and β-alanine titers in the wild-type and black mutant strains of the red flour beetle demonstrated that N-acetyldopamine, dopamine, β-alanine and N- β-alanyldopamine are available for production of brown colored cuticle and that the absence of the latter two compounds leads to elevated levels of the former two catecholamines which are oxidized for production of darker colored cuticle.

A more complete report, including details of methodology, developmental profiles, linkage tests, tyrosinase levels, and data for other body color mutants (including sooty and jet) will be published elsewhere.

Table 1

Levels of β-alanine and catecholamines in wild-type and black mutant 

T. castaneum a.

	Strain
	β-ALA
	NEAD
	DA
	NADA

	wild (+/+)
	2260 + 860
	26 + 12
	117 + 24
	387 + 62

	black (b/b)
	< 100
	4 + 1
	364 + 38
	769 + 85


aAdults, either sex, 1/12 hr post-eclosion.  Units = pmol/mg body wt.

REFERENCES

Andersen, S.O. 1975.  Cuticular sclerotization in the beetle Pachynoda epphipiata and Tenebrio molitor.  J. Insect Physiol. 21, 1225-1232.

Barrett, F.M. and Andersen, S.O. 1981.  Phenoloxidases in larval cuticle of the blowfly, Calliphora vicina.  Insect Biochem. 11, 17-23.

Bartlett, A.C., Bell, A.E. and Shideler, D. 1962.  Two loci controlling body color in flour beetle.  J. Heredity 53, 291-295. 

Brunet, P.C.J. 1980.  The metabolism of the aromatic amino acids concerned in the cross-linking of the insect cuticle.  Insect Biochem. 10, 467-500.

Fukushi, Y. 1967.  Genetic and biochemical studies on amino acid composition and color manifestation in pupal sheaths of insects.  Japan J. Genet. 42, 11-21.

Hopkins, T.L., Morgan, T.D., Aso, Y. and Kramer, K.J. 1982.  N-β-Alanyldopamine: major role in insect cuticle tanning.  Science 217, 364-366.

Kramer, K.J., Nuntanarumit, C., Aso, Y., Hawley, M.D. and Hopkins, T.L. 1983.  Electrochemical and enzymatic oxidation of catecholamines involved in sclerotization and melanization of insect cuticle.  Insect Biochem. Submitted.
Seki, T. 1962.  Absence of beta-alanine in hydrolyzate of the pupal sheaths of ebony mutant of Drosohila virilis.  Drosophila Information Service 36, 115.

Sokoloff, A., Slatis, H.M. and Stanley, T. 1960.  The black mutation of Tribolium castaneum.  J. Heredity 51, 131-135.

This investigation was supported in part by research grant PCM 8208497 from the National Science Foundation.

LANGHOLFF, W.K. and A.E. BELL
Department of Animal Science

Purdue University

West Lafayette, IN

An analysis of hatching time in Tribolium castaneum


A great deal of information has been reported which relates to the hatching time of Tribolium eggs (Howe, 1956; Park, et al., 1948; Park, et al., 1961; Young, 1970; Kennington, 1953), but most of this information comes from studies designed primarily to determine the effects of temperature and humidity on overall rate of development.  Such studies have limited precision in regard to hatching time per se due to the long intervals used for mass egg collections and the infrequent observations made for hatching or emergence of first instar larvae.  For the present study, egg collections or ovipositions were restricted to a one hour interval, and observations for hatching or emergence of individual larvae were made at four-hour intervals under uniform temperature, humidity and light conditions.

Our interest in this variable is the result of findings in two competition experiments (Bell, 1981) where population differences were observed for competitive ability.  This investigation was undertaken in order to determine if these differences in competitive ability can be attributed to differences in hatching times.  The variables considered in this investigation are population type, egg size, and sex of individual larvae.  Throughout this report hatching time will be denoted as the interval of time between the laying of an egg and the emergence of first instar larvae.

METHODS AND MATERIALS


Eggs for this study were obtained from the following unrelated base or foundation populations of Tribolium castaneum which are maintained in our laboratory; (1) Purdue “+”, (2) Black, and (3) Pearl.  The Pearl and Black Populations are genetically marked with the pearl eye mutant (p) and the black body mutant (b), respectively.


From each of the populations, a one-hour egg collection was taken from a mass mating of approximately 1000 adults.  Then a random sample of 270 eggs from each population was divided equally into three groups based on size (small, medium, or large).  The size classification was made subjectively at 10x magnification.  The largest 90 eggs were placed in the large group, the smallest 90 in the small group, and the remainder were classed as medium.  Previous work in this laboratory indicated that this method provided an adequate differentiation of size on the basis of weight (small = 33.9 + 0.7 µg, medium = 37.9 + 0.7 µg, large = 40.2 + 0.7 µg).

In order to observe hatching time on an individual basis, single eggs were placed in individual wells of a Flow tissue culture tray as described by Goodwill and Humphrey (1977), using one tray for each population by egg size combination.  The eggs were then observed every four hours, recording the time until emergence of first instar larvae.  After emergence, the larvae were given an abundance of food and sexed as pupae.


The above procedures were repeated three times, giving three replications for the analysis.


The observations taken during the experiment were analyzed using the following statistical model,


Yijklm = µ + Ri + Pj + RPij + Sk + RSik + PSjk + Gl + RGil + PGjl + SGkl + Є(ijkl)m
Where, Yijklm = analyzed variable, the hatchng time of an individual larva measured in days, observed for the ith replication, the jth population, the kth size and the lth sex, and


 µ
= the overall mean,

 Ri
= the random effect of the ith replication, i = 1,2,3,


 Pj
= the fixed effect of the jth population type, j = 1,2,3,

 Sk 
= the fixed effect of the kth egg size, k = 1,2,3,


 Gl 
= the fixed effect of the lth gender (sex), l = 1,2,

            Є(ijkl)m = the mth random error, m = (1,2,…..90), with the remaining terms in the model representing the appropriate interactions.


All three factor, four factor, and some two factor interactions were pooled into the error term as indicated by the analysis.


The analysis of variance based on the above statistical model is given in Table 1.

Table 1.  Analysis of Variance for Hatching Time

	Source
	df
	Mean Squares

	Replication (R)
	2
	----

	Population (P)
	2
	1.148 *

	Egg Size (S)
	2
	0.337 *

	Gender (G)
	1
	0.002

	R x P
	4
	0.124

	R x S
	4
	0.032

	R x G
	2
	0.005

	P x S
	4
	0.020

	P x G
	4
	0.002

	S x G
	2
	0.007

	Pooled Error
	1896
	0.012


* (P < 0.05)

RESULTS AND DISCUSSION


From the analysis of variance it is evident that only the main effects of population type and egg size were significant.  Since there was no interaction between population and egg size, the two variables were analysed separately.


For population type, the mean hatching times were compared using a Scheffe’s multiple comparison test (Neter and Wasserman, 1974).  The same procedure was utilized for egg sizes and the results appear in Table 2.

Table 2.  Comparison of Mean Hatching Times.

	Population
	Mean* (days)
	Number of Eggs
	**

	Pearl
	3.174
	611
	A

	Black
	3.205
	637
	A

	“+”
	3.256
	638
	B


	Egg Size
	Mean* (days)
	Number of Eggs
	**

	Small
	3.238
	575
	A

	Medium
	3.202
	664
	B

	Large
	3.194
	676
	B


*  Approximate standard errors of – 0.004 days

** Identical letters indicate equivalent means.


As indicated in Table 2, the mean hatching time for small eggs is significantly slower than that for medium and large eggs.  Also, the “+” population is significantly slower in hatching than the Black and Pearl Populations.  The number of observations varies within each group as a result of variations in hatchability and survival to the pupal stage.


An interesting result is that Pearl has the shortest hatching time and also the largest eggs (Table 3).  This coincides quite nicely with the results shown for the egg size.  However when Black and “+” are compared in a similar manner this correlation between population type and population egg size does not exist.  This indicates that population differences in hatching time are not simply a function of egg sizes.

Table 3.  Mean Egg Sizes (mg)

	Population
	Mean
	St. Error
	N

	Pearl
	38.8
	0.31
	400

	Black
	31.7
	0.30
	400

	“+”
	37.0
	0.36
	400


SUMMARY


This investigation has shown that differences among populations and egg sizes have a significant effect on the hatching time of Tribolium castaneum eggs.  Also there is no difference in hatching time between the two sexes.  This study has also shown that significant number of eggs can be generated from a one-hour egg collection to obtain a precise estimate of hatching time.  Just as for competitive ability, population type also affects hatching time, which gives some evidence that these may be related.

LITERATURE CITED

Bell, A.E. 1981.  A study of competitive ability and biomass efficiency – The Tribolium Model.  Proceedings 30th National Breeder’s Roundtable, pp. 108-36.

Goodwill, R.E. and Humphrey, J.R. 1977.  Some modifications to culturing techniques for Tribolium.  TIB 20 : 151-153.

Howe, R.W. 1956.  The effect of temperature and humidity on the rate of development and mortality of Tribolium castaneum.  Ann. Appl. Biol. 44 (2), 356-368.

Kennington, G.S. 1953.  The effects of reduced atmospheric pressure on populations of Tribolium castaneum.  Physiol. Zool. 26 : 179-203.

Neter, J. and Wasserman, W. 1974.  Applied Linear Statistical Models.  Richard D. Irwin, Inc., Illinois.

Park, T. and Frank, M.B. 1948.  The Fecundity and development of the flour beetles, Tribolium confusum and Tribolium castaneum, at three constant temperatures.  Ecology 29 : 368-374.

Park, T., Mertz, D.B. and Petrusewicz, K. 1961.  Genetic strains of Tribolium : Their primary characteristics.  Physiol. Zool. 34 : 62-80.
Young, A.M. 1970.  Predation and abundane in populations of flour beetles.  Ecology 51 : 602-619.

Lavie, Batia
Institute of Evolution

University of Haifa

Haifa, Israel
* Dominance relationships between high and low responsiveness of egg production in the flour beetle, Tribolium castaneum.

Several studies have recently shown that in addition to the genetic control of the level of a quantitative trait, there can be an independent control of its sensitivity to the environment.  The traits and organisms involved in these studies were growth rate in Schizophylium commune (Jinks and Connolly, 1973 and 1975; Connolly and Jinks, 1975), final height and flowering time in Nicotiana rustica (Perkins and Jinks, 1968, 1971 and 1973; Brumpton et al., 1977; Jinks et al. 1977; Boughey and Jinks, 1978), and egg production in Tribolium castaneum (Lavie et al., 1978).

As changes in conditions of animal husbandry or crop cultivation are inevitable, any selection program for a particular trait should take into consideration not only the mean performance under a given set of conditions, but also the sensitivity of that trait to possible changes in the environment.  For this purpose a knowledge of the genetic system responsible for the sensitivity should be of much help.  The present communication is a step in this direction, by contributing to the knowledge of the genetic basis of the sensitivity (responsiveness) of egg production to conditioned media in the flour beetle, Tribolium castaneum (Herbst).
In a previous publication (Lavie et al., 1978) we presented the results of a selection program for high and low responsiveness, carried out in representatives of three wild populations of T. castaneum in Israel (jaffa, Rehovot and Beer-Sheba).  In each population two selection lines were established – LR (Low Responsiveness) and HR (High Responsiveness).  Separation between the lines was achieved in one generation of selection.  The sensitivity of egg production was measured by comparing the net fecundity of virgin females in three types of flour (fresh, mildly-conditioned and highly-conditioned), and the responsiveness was defied as β’, the linear regression coefficient of the genotype x environment interaction on the major environmental factor (in our case – the level of conditioning), corrected for scale effects (MoaV and Wohlfarth, 1974).  The use of β’ as a measure of responsiveness reduces, to a large extent, the possibility that the response to selection for high or low sensitivity was achieved by inadvertent selection for high and low mean performances.

In each of the three populations, after the last generation of selection, several females from each selection line were mated, either to males of their own line or to males of the other line, creating the four following types of matings:
1. ♀ LR x LR ♂
2. ♀ LR x HR ♂

3. ♀ HR x LR ♂

4. ♀ HR x HR ♂

The responsiveness of the progeny of the various crosses was determined by measuring the net fecundity of virgin daughters of these crosses in the 3 types of flour mentioned above, and calculating, for each female, β’.
The results of the various crosses are given in Table 1.  The dominance relationships between HR and LR can be determined by comparing, within each population, the β’ values of the progeny of matings between the lines with those of the progeny of matings within the lines.  In all 3 populations the mean of the daughters of the ♀ HR x LR ♂ cross was equal to or higher than the corresponding value of the HR x HR cross.  This consistency of results, however, was not shared by the daughters of the reciprocal crosses, ♀ LR x HR ♂ : In the Jaffa population the daughters of this cross showed a much higher value of β’ than those of the HR x HR cross, in the Rehovot population they showed a lower value than in the LR x LR line, and in the Beer-Sheba populations the β’ value was intermediate between the values of the daughters of HR x HR and LR x LR.
Overall the results suggest dominance of high responsiveness of egg production of T. castaneum (high sensitivity) over low responsiveness.  This implied dominance is in line with the findings of Perkins and Jinks (1971) about the dominance of the sensitivity of the final height of Nicotiana rustica to environmental variation, and of Connolly and Jinks (1975) about the dominance of the sensitivity of the growth rate of Schizophyllum commune to temperature.

Although the data so far do not suffice for the formulation of a genetic model for the sensitivity of egg production of T. castaneum to environmental quality, several tentative suggestions can be made.  The immediate response to selection (Lavie et al. 1978) suggests that very few genes contribute to the additive genetic variance.  High sensitivity is dominant over low sensitivity.  The differences between the reciprocal crosses and between different populations which the LR x HR cross suggest that more than one gene is involved, possibly with a maternal effect.

This communication is publication No.2 in the series “The genetic basis of egg lay response to conditioned medium in the flour beetle, Tribolium castaneum.  The details on the calculation of β’ as well as on the experimental procedures are found in the first publication (Lavie et al. 1978).
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Table 1.  Means and standard errors of daily egg production (net fecundity) of virgin daughters of the different crosses, in fresh flour (A), mildly-conditioned flour (B) and heavily-conditioned flour (C), and of their values of responsiveness (β’).
	Population
	Cross (♀x♂)
	number of daughters tested
	A
	B
	C
	β’

	Jaffa
	LRxLR
	5
	3.98+0.98
	2.40+0.44
	2.20+0.41
	-0.709+0.25

	
	LRxHR
	39
	3.43+0.14
	1.80+0.14
	1.20+0.12
	-0.212+0.06

	
	HRxLR
	49
	3.22+0.22
	2.02+0.14
	1.67+0.14
	-0.517+0.07

	
	HRxHR
	8
	2.11+0.36
	1.62+0.28
	0.88+0.27
	-0.547+0.10

	Beer-Sheba
	LRxLR
	22
	4.80+0.29
	2.41+0.24
	2.55+0.24
	-0.214+0.08

	
	LRxHR
	42
	4.19+0.25
	2.24+0.21
	1.65+0.12
	-0.007+0.05

	
	HRxLR
	37
	3.34+0.20
	1.61+0.15
	1.45+0.12
	0.018+0.06

	
	HRxHR
	21
	2.07+0.20
	0.95+0.09
	0.85+0.09
	-0.002+0.03

	Rehovot
	LRxLR
	15
	5.33+0.69
	4.05+0.46
	1.33+0.34
	0.012+0.08

	
	LRxHR
	66
	5.94+0.29
	4.68+0.31
	1.07+0.15
	-0.051+0.04

	
	HRxLR
	57
	6.40+0.36
	4.92+0.25
	1.82+0.17
	0.123+0.03

	
	HRxHR
	13
	4.78+0.56
	3.85+0.45
	0.88+0.15
	0.086+0.05
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Egg numbers in Tribolium as influenced by frequency of egg collection.


The quantitative trait egg numbers in Tribolium castaneum has been widely used for model experiments in quantitative genetics (Bell, 1982).  This heterotic trait is influenced by many environmental factors such as temperature, humidity, amount and condition of media, age of female, and whether the females have mated.  In addition, the frequency of egg collection has varied with different investigators.


Tagarro and Orozco (1967) tested the influence of collecting frequency on the egg-laying rate of fecundated and virgin females in T. castaneum.  They found no difference when collecting eggs every day, every other day or once in 4 days in either type female.  On the other hand, Rich (1969) observed that the rate of oviposition was depressed  by mechanical disturbances of any kind.  In addition, he found the rate to increase with increasing length of the observation period even though all cultures were vigorously agitated every two hours.


In a preliminary study relating to this problem, we examined the influence of frequency of egg collection on total eggs laid by fecundated T. castaneum females over a 48-hour period.

Materials and Methods


For each of 12, 24, and 48-hour egg collection intervals or treatments, two replications of fifteen single pair matings were made from the Purdue “+” Foundation Population of T. castaneum.  Young beetles, 7-10 days of age, were assigned at random to the matings in 1 oz. creamers containing one gram of finely screened standard whole wheat medium enriched with 5% yeast.  After three days of acclimation in a dark chamber at 330c and 70% R.H., the matings were placed in new creamers to initiate the study.  Replication 1 was begun at 8 a.m. with Replication 2 starting 12 hours later in order to overlap any possible diurnal cycle.  Eggs were screened for each mating at the specified interval and counted.  Each replication extended over a total of 48 hours.

Results


The observed variable, total 48-hour egg numbers per mating, was analyzed by the following statistical model


Yijk = µ + Ri + Tj + RTij + Є(ij)k
Where, Yijk  = total 48-hour egg number observed for the ith replication in the jth treatment and the kth matings.


   µ 
=  overall mean


   Ri 
=  the random effect of the ith replication i = 1, 2


   Tj 
=  the fixed effect of the jth treatment j = 1,2,3


   Є(ij)k
=  the random within error.

Table 1.  Analysis of variance for 48-hour egg numbers collected at 12, 24 and 48-hour intervals.

	Source
	df
	SS
	MS
	F

	Replications
	1
	321.11
	321.11
	3.41

	Treatment
	2
	93.49
	46.75
	1.32

	R x T
	2
	71.09
	35.55
	0.38

	Within
	84
	7904.8
	94.10
	



Total

     89

        8390.49


The analysis of variance (Table 1) based on the above statistical model reveals that the total eggs laid over 48 hours were not influenced significantly (at the α = 0.05 level) by the frequency of egg collections (Treatments), replication or the interaction of these two main effects.
Table 2.  Mean 48-hour egg numbers collected at intervals of 12, 24 and 48 hours.
	Replications
	Means and Standard Errors by Treatments

	
	12-hour
	24-hour
	48-hour

	I
	37.2 + 1.83
	33.8 + 3.11
	38.2 + 1.95

	II
	32.3 + 3.33
	32.5 + 3.07
	33.1 + 3.04



The means and standard errors as shown in Table 2 indicate that the total eggs of matings disturbed each 12 hours were similar to matings left undisturbed for 48 hours.


In summary our results concur with those reported by Togarro and Orozco in concluding that frequency of egg collection does not affect the total eggs laid over a 48-hour period provided optimal conditions are provided.
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An Experimental Check For A Diurnal Cycle In Fecundity Of Tribolium


In an extensive study on the mechanisms which regulate population numbers in Tribolium, Young (1970) states “There appears to be a strong diurnal cycle in fecundity”.  Since our laboratory, as well as others, have found fecundity in Tribolium castaneum to be an excellent trait for model experiments in quantitative genetics (Bell, 1982), the existence of a diurnal cycle could have a significant influence on the design of these experiments.  

While diurnal cycles have been widely observed in nature for both animal and plant species, their presence in well controlled laboratory experiments need not be taken for granted.  Therefore, we conducted the following experiment to establish the presence or absence of a diurnal cycle in fecundity of Tribolium as observed under our particular laboratory conditions.

Materials and Methods


The experiment consisted of two replications of 15 single pair matings of the Purdue “+” Foundation Population of T. castaneum maintained in a climate controlled chamber at 330c, 70% R.H. with no light except when egg collections were made or the cultures simply agitated at intervals of six hours.  Young beetles were randomly mated in pairs at 7 days of age, acclimated in the controlled environment for three days before initiating the study with each pair in a 3.4 oz. creamer with one gram of egg collecting medium (finely screen whole wheat flour enriched with 5% dried yeast).


At six-hour intervals over two days the matings were removed from the chamber and the eggs were screened from each creamer.  As a control, a separate set of 15 single pair matings for each replication was removed from the chamber and agitated every six hours, but the eggs were not removed until 24 hours.


Replication I of the experiment was initiated at 8 a.m. with Replication II started 12 hours later (8 p.m.) to avoid a confounding of any diurnal influence with the beginning of the egg collection mechanics.

Results


The mean number of eggs laid within each six-hour interval over the two days are presented in Table 1 along with the Control means observed at intervals of 24 hours.  The six-hour periods are labeled by the terminal hour, i.e. 2 p.m. represents the Period 8 a.m. to 2 p.m.

For statistical analyses, the six-hour periods for the second replication were synchronized with those of the first replication.  While diurnal influence is not obvious in Table 1, one can seen that Control matings which had eggs collected at 24-hour intervals consistently had more eggs than the 24-hour totals for the six-hour collections.
Table 1.  Mean eggs laid by 6- and 24-hour periods over two days.
	Replication
	Treatments
	Day 1

	
	
	2 PM
	8 PM
	2 AM
	8 AM
	Total

	I
	6-hours
	4.0+0.6
	4.2+0.8
	3.3+0.6
	3.2+0.6
	14.7+1.8

	II
	6-hours
	2.1+0.5
	3.3+0.6
	1.6+0.4
	2.1+0.4
	14.7+1.4

	I
	24-hours
	agitated every 6 hours
	16.5+1.6

	II
	24-hours
	agitated every 6 hours
	19.5+1.1


	Replication
	Treatments
	Day 2

	
	
	2 PM
	8 PM
	2 AM
	8 AM
	Total

	I
	6-hours
	3.0+0.6
	3.7+0.7
	3.3+0.5
	3.2+0.5
	13.2+1.5

	II
	6-hours
	2.5+0.4
	2.5+0.5
	3.4+0.7
	5.9+0.8
	 8.7+1.1

	I
	24-hours
	agitated every 6 hours
	15.1+1.4

	II
	24-hours
	agitated every 6 hours
	14.0+1.5



The observations from the six-hour versus the 24-hour intervals summarized in Table 1, were then analyzed by the following statistical model, 


Yijkl = µ + Ri + Tj + Dk + RTij + RDik + TDjk + RTDijk + Є(ijk)l
Where, Yijkl  =  24-hour egg numbers collected over two days


   µ 
=  overall mean


   Ri 
=  the random effect of the ith replication i = 1, 2


   Tj 
=  the fixed effect of the jth treatment j = 1,2


   Є(ijk)l
=  the random within error.

The analysis of variance based on the above statistical model is given in Table 2.  The 24-hour treatment gave significantly (α = 0.05) higher egg numbers than the six-hour treatments.
Table 2.  Analysis of variance for 24-hour egg numbers collected at 6-hour versus 24-hour intervals over two days.

	Source
	df
	SS
	MS
	F

	Replication (R)
	1
	12.67
	12.67
	0.41

	Treatment (T)
	1
	350.21
	350.21
	4.66

	Days (D)
	1
	385.21
	385.21
	2.78

	R x T
	1
	75.21
	75.21
	2.41

	R x D
	1
	138.68
	138.68
	4.44

	T x D
	1
	1.00
	1.00
	0.03

	R x T x D
	1
	0.21
	0.21
	0.00

	Within
	112
	3498.4
	31.24
	



Total

    119

       4461.59

Since the Control matings were removed from the chamber and vigorously agitated every six hours, this average difference of two eggs may have resulted from eggs lost during the screening operation.


The observations from both replications of six-hour periods were analysed by the following statistical model:


Yijk = µ + Ri + Pj + RPij + Є(ij)k
Where, Yijk  = egg laid in each consecutive six-hour period over two days

   µ 
=  overall mean


   Ri 
=  the random effect of the ith replication i = 1, 2


   Pj 
=  the fixed effect of the jth period j = 1,2,3,4

   Є(ij)k
=  the kth random within error.


The analysis of variance based on the above statistical model is given in Table 3.
Table 3.  Analysis of variance for eggs laid

in consecutive 6-hour periods over two days

	Source
	df
	SS
	MS
	F

	Replication (R)
	1
	297.56
	297.56
	1.24

	Period (P)
	7
	1456.94
	208.13
	0.87

	R x P
	7
	1679.94
	239.99
	46.33 **

	Within
	224
	1159.57
	5.18
	



Total

    239
While the main effects of “Replication” and “Period” were not significant, the “Replication by Period” interaction was highly significant (α = 0.01).  Therefore, a separate analysis of variance was then done on each replication in an effort to determine if any diurnal activity (in the form of a quadratic or cubic effect in the periods) was evident.  This analysis as shown in Table 4 gave no significant trends of any kind in Replication I.

Table 4.  Analysis of variation by replication for Tribolium egg

lay during consecutive 6-hour periods over two days.

	Source
	df
	Rep I
	Rep II

	
	
	SS
	MS
	F
	SS
	MS
	F

	Periods
	7
	18.80
	2.69
	0.47
	187.09
	26.73
	5.77 *

	Linear 1
	
	9.53
	9.53
	1.67
	55.80
	55.80
	12.05 *

	Quadratic 1
	
	3.58
	3.58
	0.63
	14.18
	14.18
	3.06

	Cubic 1
	
	0.16
	0.16
	0.03
	14.18
	14.18
	3.06

	Deviations 4
	
	5.53
	1.38
	0.24
	102.93
	25.73
	5.56 *

	Within
	112
	641.19
	5.72
	
	518.38
	4.63
	


     Total
  119
Replication II revealed a significant (α = 0.05) linear trend but neither quadratic nor cubic influences were significant as one would expect if there was a diurnal response pattern.
Summary


Given the experimental conditions of our laboratory, we found no evidence for a diurnal pattern in fecundity of the Purdue “+” Foundation Population of Tribolium castaneum.  Significantly fewer total eggs were obtained from four six-hour egg collections than from a single 24-hour collection which had been agitated every six hours.  The fewer eggs for six-hour collection may represent eggs lost in the screening operation.
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Response of Tribolium castaneum larvae (Herbst) to the different components of conditioned medium

Conditioning of flour medium by Tribolium beetles living within it is a process involving at least three factors : depletion of the nutritive value of the medium; accumulation of exuviae, dead animals, and similar debris; and, most markedly, accumulation of the quinones released by the adults and absorbed by the flour (Park & Woolcott, 1936; Ghent, 1966).  It depends on the numbers and duration of occupation (Chent, 1963).  Conditioning of the medium is one of the major stimuli for dispersal and aggregation by Tribolium (Loconti & Roth, 1953).  Flour conditioned by conspecific adults is repellent to T. castaneum adults, but attractive to T. confusum adults (Ghent, 1963).  T. confusum adults are attracted to medium conditioned by larvae and frass, but the medium containing eggs is neither attractive nor repellent (Ogden, 1969).  Wijayagunasekara (1979) reported that the T. castaneum larvae were attracted to the medium conditioned by the adults at a density of 5 beetles g-1 of medium for 3 days.
The purpose of the study reported below was to investigate the responses of the different instars of T. castaneum larvae to medium conditioned by adults, larvae, eggs and frass.

Experiments were conducted in ‘choice chambers’ made from plastic Petri dishes (9 cm diameter and 1.5 cm deep).  The dishes were divided into two equal halves by a mark on the outside surface.  By use of a partition, each half of the dish could be loaded with medium with minimal mixing at the mid-line.  Each half was loaded with 4 g of medium either fresh or conditioned.  After loading, the dish was agitated to make the food level even.  The partition was removed and one hundred larvae were released on the mid-line of the dish.  The dishes were placed in an incubator (300c without light) and after 24 hours both fresh and conditioned media were separated by means of the partition.  Larvae from each half were collected by sieving through a 250 micro-meter sieve and numbers were counted.  Experiments with each type of conditioned medium were conducted for each larval instar and replicated five times.
The test media used in these experiments were prepared in the following ways.

i)  By adults:   About 8,000 adults of T. castaneum aged between 2-4 months were placed in a jar containing 200 g of fresh food previously passed through  250 micro-meter sieve.  The jar was covered with filter paper at the top and held for 7, 15 or 30 days in an incubator (300c without light).  After the scheduled period the jar was removed from the incubator and beetles were removed from the medium by sieving through 500 and 250 micrometer sieves.  This medium was thoroughly mixed and used in the choice chamber.

At the same time as the media were being prepared, another 200 g of fresh food was prepared in the same way and placed in the same incubator under the same conditions, but without beetles.  This food was used as fresh medium.

ii)  By larvae:  Approximately 4500 newly hatched larvae (0-1 day old) were placed in a jar containing 150 g of fresh food previously passed through a 250 micrometer sieve and kept in an incubator (300c without light) for different periods, viz., 7, 15 or 30 days.  The jar was removed and the food medium was passed through a 250 micrometer sieve to separate the larvae.  In case of 30 days duration, the medium was sieved every day after 20 days to isolate pupae if any and after 30 days all the remaining larvae were separated.  The medium was thoroughly mixed and used in the experiment.  Control medium was prepared as described above.

iii)  By eggs: Test media were mixed with 1-2 day old eggs at densities of 50, 100 or 500g-1 food.  Eggs were added on the day of the experiment.  Food without eggs was used as a control.

iv) By frass: Frass was collected from stock culture of T. castaneum by sieving the medium through the sieves of 250 and 500 micrometer.  Frass was heated briefly (4 hours) at 600c in an oven to kill any live stages present (Ogden, 1969) and then mixed with 120 g of fresh food at concentrations of 7, 15 or 30 mg g-1 of food.  Food without frass was used as a control.
The results of this series of experiments are presented in tables 1-4.  Larvae of all instars of T. castaneum were strongly repelled by medium conditioned by adults.  This result is similar to that of Ghent (1963) working with T. castaneum adults, by contrasts to the response of T. confusum adults as reported by Ghent (1963) and Ogden (1969).  This also contrasts with Wijayagunasekara (1979) who found the larvae attracted to medium conditioned by the adults for 3 days.  This result in his experiment might be due to the possible use of newly emerged adults, particularly those aged less than 20 days where the concentration of the odorous secretion-quinones are extremely low (Wirtz et al., 1978) which might render his experimental medium attractive.

In the present experiment it was found that the larval response to conditioned medium differed due to period of conditioning, and the larval instar under test.  The proportion of larvae repelled by the media conditioned for 15 or 30 days was significantly higher (P < 0.005) than that by media conditioned for 7 days.  Probably due to a higher concentration of adults odorous secretion and depletion of nutrients in the former.

Second instar larvae were found to react to the medium condition by adults more than first or older instars.  The probable reason for the presence of a comparatively lower proportion of second instar larvae in the conditioned medium might be that they are more sensitive to the adults odorous secretions than other instars.

Larvae were repelled by medium conditioned by larvae for the period of 30 days (P < 0.001).  The result contrasts with that of Ogden (1969) who found the medium conditioned by larvae was attractive to the adults of T. confusum.  The medium conditioned by larvae for 30 days was found to be significantly (P < 0.005) more repellent than media conditioned for 7-15 days.  This repellent action as well as the differences in response to different conditioned media might due to depletion of nutrients in the medium, and contamination by exuviae.  The medium conditioned for 15 days by larvae was repellent to the larvae up to third instar – with no effect on larvae after fourth instars.

Larvae were repelled by medium conditioned by frass at a density of 30 mg g-1 of medium (P < 0.001).  This result contrasts with that of Ogden (1969) who found the medium conditioned by frass was attractive to T. confusum adults.  In the present experiments the medium conditioned by frass at a density of 30 mg g-1 was found to be significantly (P < 0.005) more repellent than medium conditioned with a density of 7-15 mg frass g-1 of medium.  The proportion of larvae up to third instars in the medium conditioned by frass were considerably less than that of later instars.  This response may be due to smaller larvae preferring food with more nutrients and less contamination.
Larvae were neither attracted nor repelled by medium conditioned by eggs at densities of 50-100 g-1 of medium which is similar to that of Ogden (1969) with T. confusum adults.  When the medium contained eggs at a density of 500 g-1 of medium a significantly higher proportion of fourth, fifth (P < 0.05) and sixth instar (P < 0.01) were found to be accumulated in the conditioned medium.  This is probably due to the phenomenon of cannibalism of eggs by larvae (Park et al. 1965; Teleky, 1980).
In the present experiments large larvae entering the conditioned medium would encounter eggs and may eat them.  Thus tending to accumulate in the conditioned medium.  The presence of a higher proportion of fourth, fifth and sixth instar larvae in the conditioned medium also support the findings of Ho and Dawson (1966) who reported that the younger larvae of T. castaneum are not very active in egg eating, but as the larvae age and increase in size they become much more cannibalistic.  The possible advantage of egg eating is that there is probably a higher concentration of utilizable nutrients in eggs than in the surrounding medium due to high caloric content (Slobodkin, 1962).
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TABLE 1
The percentage of T. castaneum larvae in the medium conditioned by adults at a density of 40, g-1 of medium.

	Larval+ instar
	Periods of ++ conditioning medium (days)
	% total in conditioned
	X2

	Firsta
	7
	41.60
	14.11 ***

	
	15
	32.60
	60.55 ***

	
	30
	30.80
	73.73 ***

	Secondd
	7
	16.60
	223.11 ***

	
	15
	7.60
	359.55 ***

	
	30
	4.60
	412.33 ***

	Thirdb
	7
	25.20
	123.00 ***

	
	15
	15.60
	236.67 ***

	
	30
	14.00
	259.2 ***

	Fourthbc
	7
	28.20
	95.05 ***

	
	15
	17.80
	207.37 ***

	
	30
	16.40
	225.79 ***

	Fifthc
	7
	30.20
	78.41 ***

	
	15
	23.00
	145.80 ***

	
	30
	19.40
	187.27 ***

	Sixtha
	7
	33.40
	55.11 ***

	
	15
	30.40
	80.00 ***

	
	30
	27.00
	105.80 ***


*** highly significant, P < 0.001 (1 df)

Five replicates per test for each instar, each replicate consisting of 100 larvae (N = 500).

+Duncan’s multiple range test or response of different instars:  Instar number followed by same letter show no difference in response.
++Duncan’s multiple range test on response of larvae to different periods of conditioning medium:




7 ≠ 15




7 ≠ 30
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TABLE 2

The percentage of T. castaneum larvae in the medium conditioned by larvae at a density of 30, g-1 of medium.

	Larval+ instar
	Periods of ++ conditioning medium (days)
	% total in conditioned
	X2

	Firsta
	7
	50.20
	0.008 N.S.

	
	15
	45.20
	4.61 *

	
	30
	36.00
	39.20 ***

	Secondb
	7
	48.40
	0.51 N.S.

	
	15
	39.60
	21.63 ***

	
	30
	14.20
	256.33 ***

	Thirdab
	7
	51.20
	0.288 N.S.

	
	15
	42.80
	10.37 **

	
	30
	25.60
	119.07 ***

	Fourthab
	7
	52.60
	1.35 N.S.

	
	15
	47.20
	1.57 N.S.

	
	30
	23.40
	150.15 ***

	Fifthab
	7
	48.00
	0.80 N.S.

	
	15
	46.40
	0.144 N.S.

	
	30
	27.80
	98.57 ***

	Sixtha
	7
	53.00
	1.80 N.S.

	
	15
	49.00
	0.20 N.S.

	
	30
	35.00
	41.47 ***


N.S.Not significant (1 df)
* Significant, P < 0.05 (1 df); ** Significant, P < 0.01 (1 df)

*** Highly significant, P < 0.001 (1 df)

Five replicates per test for each instar, each replicate consisting of 100 larvae (N = 500).
+Duncan’s multiple range test or response of different instars:  Instar number followed by same letter show no difference in response.

++Duncan’s multiple range test on response of larvae to different periods of conditioning medium:
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TABLE 3

The percentage of T. castaneum larvae in the medium conditioned by frass.

	Larval+ instar
	Concentration ++ (mg. g-1 of medium)
	% total in conditioned
	X2

	Firsta
	7
	46.00
	3.20 N.S.

	
	15
	46.60
	2.31 N.S.

	
	30
	29.80
	81.60 ***

	Seconda
	7
	47.40
	1.35 N.S.

	
	15
	48.00
	0.80 N.S.

	
	30
	30.20
	 78.40 ***

	Thirda
	7
	46.80
	2.05 N.S.

	
	15
	47.60
	1.15 N.S.

	
	30
	29.20
	86.53 ***

	Fourthab
	7
	53.00
	1.80 N.S.

	
	15
	51.80
	0.65 N.S.

	
	30
	35.40
	42.63 ***

	Fifthb
	7
	52.40
	1.15 N.S.

	
	15
	51.00
	0.03 N.S.

	
	30
	41.20
	15.49 ***

	Sixthb
	7
	54.00
	3.20 N.S.

	
	15
	53.40
	2.31 N.S.

	
	30
	45.00
	 5.00 **


N.S.Not significant (1 df)

** Significant, P < 0.05 (1 df); *** Highly significant, P < 0.001 (1 df)

Five replicates per test for each instar, each replicate consisting of 100 larvae (N = 500).

+Duncan’s multiple range test or response of different instars:  Instar number followed by same letter show no difference in response.

++Duncan’s multiple range test on response of larvae to different periods of conditioning medium:
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TABLE 4

The percentage of T. castaneum larvae in the medium conditioned by eggs.

	Larval instar
	Density (no. g-1 of medium)
	% total in conditioned
	X2

	First
	50
	51.80
	0.65 N.S.

	
	100
	49.80
	0.008 N.S.

	
	500
	52.00
	0.80 N.S.

	Second
	50
	53.80
	2.89 N.S.

	
	100
	49.80
	0.03 N.S.

	
	500
	48.60
	0.39 N.S.

	Third
	50
	52.80
	1.57 N.S.

	
	100
	51.20
	0.28 N.S.

	
	500
	48.40
	0.51 N.S.

	Fourth
	50
	53.80
	2.89 N.S.

	
	100
	51.00
	0.20 N.S.

	
	500
	55.20
	5.41 *

	Fifth
	50
	52.20
	0.97 N.S.

	
	100
	50.80
	0.13 N.S.

	
	500
	55.40
	 5.83 *

	Sixth
	50
	52.80
	1.57 N.S.

	
	100
	54.80
	3.20 N.S.

	
	500
	57.00
	 9.80 **


Five replicates per test for each instar, each replicate consisting of 100 larvae (N = 500).

N.S.Not significant (1 df)

* Significant, P < 0.05 (1 df); 
** Significant, P < 0.01 (1 df)

K.A.M.S.H. MONDAL 
Department of Agricultural Biology

University of Newcastle upon Tyne

Newcastle upon Tyne

U.K.

Horizontal dispersion of Tribolium castaneum larvae : The influence of different food levels.
In T. castaneum the dispersion of adults from a limited habitat, with constant optimal microclimatic conditions may either be dependent on density or be independent of density depending on the type of culture medium used (Zyromska-Rudzka, 1966).  Instead of leaving sooner at the lower food levels, the beetles left more slowly.  Males and females exhibited parallel patterns of dispersion, although males sometimes departed sooner (Ziegler, 1977).  In T. castaneum the rate of dispersion of larvae increased with the progression from first to sixth instar and dispersal was very rapid in sixth instar larvae at 1 cm food level (Wijayagunasekara, 1979).
In the present experiments, endeavour was made to study the influence of different food levels on the horizontal dispersion of T. castaneum larvae.

Crystallising dishes 9.5 cm diameter and 5.5 cm deep were used as experimental habitat.  The dishes contained either 304, 152, 38 or 0.3 g of standard food medium (Park, 1962; and Zyromska-Rudzka, 1966) which gave the levels of 4 cm, 2 cm, 5 cm and a very thin layer respectively.  To provide a level surface and to avoid uneven compaction of the food layer a strip of paper was used to level the food surface and the dish was then dropped several times from a height of about 5 to 6 cm.

A light weight plastic tube of 4.6 cm diameter and 6 cm high open at both ends was placed at the centre of the medium surface and the larvae were introduced on the surface through the tube.  The tube was then removed and the dish was kept in an incubator set at 300c without light.  After 24 hours each dish was removed from the incubator and the plastic tube used before was pressed into the food medium at the same position.  Thus, the food medium was divided into two sections:- one, central zone – the food medium within the tube and the other outside the tube called peripheral zone.  Food medium from each zone was transferred and the numbers of larvae from each zone were counted after sieving the medium through a 250 micro-meter sieve.  The experiment was conducted with different instars – taking one hundred larvae from each instar and replicated three times at different food levels.
The results of this experiment and statistical analyses are given in Table 1.  The pattern of horizontal dispersion of T. castaneum larvae in different food levels was markedly different.  At greater food levels most of the larvae of all instars remained in the central zone (P < 0.001) compared with peripheral zone.  At all food levels the proportion of larvae dispersed into the peripheral zone increased with the progression of stadia from first to sixth instar.  This result is to some extent, similar to that of Wijayagunasekara (1979).  On the contrary, at lower food levels the proportion of larvae remaining in the central zone decreased significantly particular with a very thin food layer (P < 0.001) with the exception of first instar.  It is probable that at higher food levels larvae burrowed inside the food medium and preferred to move vertically than to disperse horizontally which was not possible at the lower food level particularly the very thin food level as in the experiment.

I wish to express my indebtedness to Dr. G.R. Port, Department of Agricultural Biology, University of Newcastle upon Tyne for his help and valuable suggestions during this study.  Thanks are due to the Association of the Commonwealth Universities in the United Kingdom for financial grant.
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TABLE 1

The percentage of T. castaneum larvae in central zone at different food levels.

	Larval+ instar
	Food+ Level
	% Total of larvae found in central zone
	X2

	Firsta
	4 cm
	96.33
	913.08 ***

	
	2 cm
	94.67
	872.07 ***

	
	5 cm
	94.00
	855.93 ***

	
	Very thin
	70.00
	375.29 ***

	Secondb
	4 cm
	93.67
	874.92 ***

	
	2 cm
	92.67
	824.10 ***

	
	5 cm
	91.67
	800.62 ***

	
	Very thin
	22.67
	3.36 N.S.

	Thirdbc
	4 cm
	93.00
	832.00 ***

	
	2 cm
	92.00
	808.41 ***

	
	5 cm
	86.00
	674.01 ***

	
	Very thin
	17.67
	4.75 **

	Fourthc
	4 cm
	87.00
	695.56 ***

	
	2 cm
	85.67
	666.90 ***

	
	5 cm
	78.00
	513.79 ***

	
	Very thin
	12.00
	20.37 ***

	Fifthd
	4 cm
	84.33
	638.84 ***

	
	2 cm
	80.67
	564.79 ***

	
	5 cm
	44.00
	75.08 ***

	
	Very thin
	8.00
	37.96 ***

	Sixthe
	4 cm
	65.00
	299.75 ***

	
	2 cm
	63.67
	295.45 ***

	
	5 cm
	28.33
	4.90 **

	
	Very thin
	5.00
	54.71 ***


Three replicates per test for each instar, each consisting of 100 larvae (N = 300).
N.S.Not significant (1 df)

** Significant, P < 0.05 (1 df); 

*** Significant, P < 0.001 (1 df)

+Duncan’s multiple range test on horizontal dispersion of different instars:  Instar number followed by same letter show no difference in dispersion.

++Duncan’s multiple range test on horizontal dispersion of larvae at different food levels:-
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* Preliminary attempts to obtain chromosomes from Tribolium cell lines cultured in vitro.

Introduction

The only methaphase chromosome preparations obtained so far in Tribolium are those prepared from histological sections of ovaries and testes (Sokoloff, 1972).  These preparations are somewhat less than optimal for several reasons: the chromosomes are highly condensed, separation of the chromatids are not visible, and chromosome bonding techniques have not been employed.  For these reasons, attempts were made to culture the cells of Tribolium in vitro, in order to obtain larger numbers of dividing cells, from which a better Karyotype could be obtained.
Establishment of cell lines in culture has never been reported for Tribolium, but many methods have been reported for culturing other invertebrate cells (Grace, 1962; Hirumi and Maramorosch, 1964; Horikawa and Fox, 1964; Horikawa, Ling and Fox, 1966; Kurtti, 1976; Mitsuhashi, 1976; and Schneider, 1964).  These methods were employed with modifications owing to the availability of material in the attempt to culture Tribolium cells.
Materials and Methods

A. 
Insects.
Eggs were collected from 10 culture bottles containing discarded adults of three species of Tribolium (T. castaneum, T. confusum and T. brevicornis) 24 hours after the adults were introduced into fresh flour.  Thereafter, eggs were collected every Monday and Wednesday for six weeks.

Although most culture attempts were made using embryos, larvae and pupae were also collected so cell cultures could be attempted on these stages of the life-cycle.

B.
Dissociation of embryos and cell culture preparation.
Table I shows the chemical composition of the solutions, stains and media used in this investigation.
The eggs were transferred to a test tube and immersed for 2 minutes in a 3% solution of sodium hypochloride (Horikawa, Ling and Fox, 1966) to disintegrate the chorion (Sokoloff, 1972).  The eggs were then centrifuged at 1200 r.p.m. for six minutes and the supernatant pipetted off.  The eggs were rinsed with 10 ml. of saline citrate buffer (N.C.B.), respun at 1200 r.p.m. for six minutes, and the supernatant pipetted off.  This procedure was repeated five more times in order to thoroughly rinse off the bleach.

The eggs were than suspended in 10 ml. of 70% ethyl alcohol for 15 minutes to sterilize, spun down at 1200 r.p.m., and rinsed twice with sterile N.C.B.

Various methods were used to dissociate the embryos.  They were dissociated in either a sterile 0.25% Trypsin solution (Grace, 1962; Kurtti, 1976), or a sterile 0.2% Collagenase solution, or the eggs were transferred to a Petri dish in a laminar-flow tissue  culture hood and minced with a scapel (Hirumi and Maramorosch, 1964).  A 0.25% Trypsin-EDTA solution was also tried for cell dissociation (Schneider, 1964).
Larvae and pupae were soaked for 15 minutes in 10 ml. of 70% ethanol to sterilize, rinsed, and then were minced in a Petri dish.  Further dissociation was obtained on half of the cultured with a sterile 0.2% collagenese solution.

C.
Setting up the primary cultures.

After dissociation, the cells were spun at 1200 r.p.m. for six minutes.  The supernatant was removed and the cells were gently resuspendes in 1 ml of tissue culture medium containing 20% fetal bovine serum.  The cells were then transferred to Falcon T-30 flasks containing 4 ml of media.  The flasks were gassed with 5% CO2 in air, capped tightly, and incubated at 320c.  No insect tissue culture medium was available, but RPMI-1640, F-10, McCoy’s and Tissue Culture Medium 199 were all used in the attempt to culture Tribolium cells.

The flasks were checked periodically using an inverted phase microscope.  When it was questionable whether or not the cells were alive, a small amount of cells and media was removed from the flask and stained with Trypan Blue to check the viability.  Flasks containing only dead cells were discarded.  The flasks were each fed with 4 ml of medium weekly.

D.
Harvest procedures used to obtain chromosomes.

The cultures were treated with 1 X 10-6 M colchicine or colcemid either overnight (Mitsubashi, 1976), or for varying periods of 2, 4 and 6 hours to accumulate metaphases.  The cells were then transferred to a test tube and centrifuged for 6 minutes at 1200 r.p.m.  The supernatant was pipetted off, the cells mixed, and a hypotonic solution of 0.075 M KCl or distilled water was varied at every harvest, in an attempt to obtain better chromosome spreading.  Times from 10 minutes up to 1 hour were used.  The cells were then centrifuged at 1200 r.p.m. for 6 minutes, the supernatant removed, and the cell suspension mixed well.  2 ml. of Carnoy’s fixative (3:1 Methanol-Glacial Acetic Acid) was slowly added to precipitate the DNA and to remove the water from the cells.  After a ten minute rest period, 10 ml. more of Carnoy’s was added and the solution was mixed and then centrifuged at 1200 r.p.m. for 6 minutes.  The supernatant was pipetted off and the entire mixing procedure was repeated 2 more times.
After the third change of fixative, the supernatant was removed and the cells were resuspended to a cloudy suspension with fresh fixactive.  The cells were then dropped onto wet slides from a 3 foot distance and allowed to air dry.  In a further attempt to increase spreading, some slides were dipped in methanol, the cells were dropped on, and the mixture was flamed.  A squash technique was also attempted, using a glass coverslip, after the cells were dropped onto the slides.

III.
Results and Conclusions

All of the long-term attempts to establish Tribolium cell lines have not been successful yet.  The cells in most of the cultures are rounded up and do not attach to the surface of the flask, as vertebrate cells do.  This appears to be a common occurrence in invertebrate cell lines (Grace, 1962; Horikawa, Ling and Fox, 1966; Mitsuhashi, 1976).  However, although alive, the cells in my remaining eleven cultured did not yield any results from the long-term cultures set up in flasks.  I think the medium used is probably the reason for this.  The vertebrate medium McCoy’s and T-C Medium-199 killed all the cells within 1 week.
The medium RPMI-1640 and F-10 did not kill the cells, they remained alive in culture, but they did not divide.  Perhaps an insect tissue culture medium would give better results.

All the larval cultures attempted because contaminated with either mold or bacteria within several days of culture.  Since none of the other cultures was contaminated, it is my conclusion that the larval gut already contained these contaminants, and the immersion in 70% ethanol does not reach them.  If larval cultures are attempted in the future, some other method is needed to sterilize the alimentary tract.

After several harvests for chromosomes, it became obvious that the cells were not dividing in the vertebrate media.  Direct methods of obtaining Tribolium chromosomes were then attempted.  The eggs were collected and prepared according to the methods given in Section II A and B and were transferred directly into tubes containing either medium or Insect Ringer’s solution and 1 x 10-6 M colchicines or colcemid.
Each culture was then harvested after varying periods according to the techniques given in Section II D.  Metaphase chromosomes were obtained from every direct culture set up except the ones that were incubated with colchicines for only 2 hours.  However, in all cases the quality obtained was very poor (See Figure 1) and the numbers were very low.  All the techniques tried to increase the spreading were unsuccessful.  Even after dissociation, the cells in division agglutinated during the harvesting process.

Since it was possible that the cells of three species all cultured together could be causing the clumping, two cultures of the Horned mutant of Tribolium confusum were established on 2/18/81 add eggs were collected from these cultures on 2/23 through ¾.  However, even the cells of the single species still yielded only agglutinated, unspread metaphase chromosomes.
The low numbers of chromosome spreads obtained is also confusing.  Because only embryos were used in the direct preparations, the cells in them should be rapidly dividing.  There are several possible reasons for the low numbers obtained.  First, the cells may be unresponsive to colchicines treatment, as has been reported from other invertebrate cells (Mitsuhashi, 1976).  Secondly, the cells may be shocked by the dissociation procedure and may need some time in culture to recover and start dividing again.  If this is true, insect tissue culture media would be needed to provide the essential nutrients.
[image: image6.emf]
Fig.1.  Examples of the chromosomes obtained from direct preparations of T. confusum cells.

TABLE I. – COMPOSITION OF MEDIA AND REAGENTSUSED IN THIS EXPERIMENT

3% Sodium Hypochlorite Solution


Use 57.14 ml of 5.25% Sodium Hypochlorite (Clorox) and dilute to 100 ml with distilled water

N.C.B. (Sodium Citrate Buffer)


6 g. NaCl

3 g. NaCitrate


Add to 1000 ml distilled water.  Filter sterilize

Collagenase (Worthington)


Dissolve 2 mg/ml in N.C.B.  Filter sterilize

0.25% Trypsin (Worthington)


Rehydrate with 5 ml of N.C.B.


Use 1 ml rehydrated solution / 100 ml N.C.B. = 0.25%

Trypsin-EDTA


Add 0.125 g. Versene to 0.25% Trypsin solution (100 ml)

0.075 M KCl


Add 0.56 g. to 100 ml distilled water

Carnoy’s Fixative


Use 3 parts absolute methanol and 1 part glacial acetic acid.

Complete Media for Tissue Culture


All components purchased from Grand Island Biological Co.


80 ml media (McCoy’s, F-10, RPMI-1640 or T.C. Media-199)


20 ml Fetal Bovine Serum


1 ml Pen-Strap Solution *


1 ml L-Glutamine

* Pen-Strep Solution = Penicillin 10,000 µ/ml




    Streptomycin 10,000 mcq/ml

Giemsa Stain


Use 1 ml Giemsa (Harleco) to 50 ml buffered water 


pH 6.8

REFERENCES
1.
Grace, T.D.C. 1962.  Establishment of Four Strains of Cells from Insect Tissue Grown In Vitro.  Nature 195 : 788-789

2.
Hirumi, H. and Maramorosch, K. 1964.  Insect Tissue Culture : Use of Blastokinetic Stage of Leafhopper Embryo.  Science 145 : 1465-1467

3.
Horikawa, M.; Ling, L.; and Fox, A.S. 1966.  Long-Term Culture of Embryonic Cells of Drosophila melanogaster  Nature 210 : 183-185

4.
Horikawa, M. and Fox, A.S. 1964.  In Vitro Cultivation of Embryonic Cells of Drosophila melanogaster (Abstract) Genetics 50 : 256

5.
Horikawa, M. and Fox, A.S. 1964.  Culture of Embryonic Cells of Drosophila melanogaster in vitro.  Science 145 : 1437-1439
6.
Kurtti, T.J. 1976.  Phenotypic Variations of Cell Lines from Cockroach Embryos.  In : Invertebrate Tissue Culture : Research Applications Maramorosch, K. (Ed.) Academic Press, New York

7.
Mitsuhashi, J. 1976.  Establishment and Characteristization of Cell Lines from the Pupal Ovaries of Papilio xuthus.  In : Invertebrate Tissue Culture : Research Applications Maramorosch, K. (Ed.)  Academic Press, New York

8.
Schneider, I. 1964.  Culture in vitro of Drosophila Ovarian Tissue.  (Abstract) Genetics 50 : 284

9.
Sokoloff, A. 1972.  The Biology of Tribolium with Special Emphasis on Genetic Aspects Volume I  Oxford University Press, London

Sokoloff, A., Ferrone, R.F., and Munoz, R.
Department of Biology

California State College, San Bernardino

San Bernardino, California, 92407

* Genetic studies on maxillopedia, missing abdominal segments, Dachs, and pearl in Tribolium castaneum.
Maxillopedia (mxp) is a homeotic mutant affecting primarily the maxillary palps, but quite often the labial palps are affected.  Both of these appendages may be modified to resemble the walking legs of these beetles.  They are not as extremely modified as the labial palps in the labiopedia mutant.  Nevertheless, the distal segment of the maxillary palps can be modified either to a complete tarsus bearing claws in the distal segment, or the tarsal segments may not manifest themselves, but one or two claws may develop in the distal segment of the maxillary palp.
The missing abdominal segments (mas) mutant, has only four visible abdominal segments instead of the typical five segments which are apparent in normal beetles: the apparent first segment, which is pointed, is completely missing in mas.

Dachs (Dch) is a mutation which affects the number of antennal segments by inducing fusion or elimination of the club and funicular segments.  Sometimes the club segments are held like an inverted scoop.  The legs of Dch beetles are often malformed: the tibia and sometimes the femur, particularly of the first pair of legs, are reduced in length, and the tarsal segments may be fused to the tibia.  It is of interest that Dch causes a duplication of the sex-spot in the forelegs of male beetles.

The pearl is an eye color mutation in which the black pigment is completely eliminated from the ommatidia exposing the black pigment of the ocular diaphragm which supports the peripheral ommatidia of the compound eye.

These four mutations have been found to be linked.  The complete data will be published elsewhere.  These genes give the following recombination values:




mxp – p = 23.4 – 25.9 units;





mxp – Dch = 5.7 – 7.8 units;





p – Dch = 15.4 – 24.1 units;





mas – Dch = 2.3 – 8.7 units

The above data give the following map for the second linkage group
SOLIMAN, M. HANI
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* The relationship between preimaginal viability and adult longevity in Tribolium castaneum. 


This experiment is part of a larger experiment designed to investigate the effect of preimaginal constant and alternating temperatures on growth rate and longevity of adults of five genotypes in T. castaneum (Soliman and Lints, 1982).


Percentage viability from 13-day larval age to adult emergence (Table 1) was calculated for (both sexes combined) each strain within the four temperature regimes.  The shortest adult emergence time was 22.4 days for Chicago strain at 350c and the longest adult emergence time was 53.5 days for Vicosa strain at 250c (Soliman and Lints, 1982).  No effect of strain, sex or temperature on total viability, using analysis of variance after the angular transformation was detected.  This may be due to small sample size.  However, the fluctuating temperature regime produced the highest viability of all the temperatures, but differences were not significant using the Chi-square test.  Also, selected large strain showed the lowest (43.75%) and pygmy mutant the highest overall viability.

The regression of per cent viability (angular values) on longevity was significant at the 0.05 level of probability (r = 0.481, b = 0.086, df = 18).  As viability increased, so did longevity (Fig. 1).  Similar results were previously reported by Soliman and Lints (1975) using eight wild strains of T. castaneum in a single environment.

Soliman, M.H. and Lints, F.A., 1975.  Gerontologia 21 : 102-116.
Soliman, M.H. and Lints, F.A., 1982.  Mech. Ageing Develop. 18 : 19-31.

Table 1.  Viability of five strains of Tribolium castaneum at four temperatures.

	Strain
	Viability

	
	250c
	300c
	25-350c
	350c

	
	N
	%
	N
	%
	N
	%
	N
	%

	Vicosa
	39
	89.74
	39
	100.00
	39
	100.00
	40
	97.50

	Chicago
	39
	97.44
	40
	97.50
	40
	100.00
	40
	95.00

	Large
	37
	91.89
	39
	94.87
	40
	100.00
	40
	87.50

	Small
	40
	97.50
	40
	95.00
	40
	97.50
	39
	97.50

	Pygmy
	40
	97.50
	39
	97.44
	40
	100.00
	40
	97.50
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Fig. 1.  Scatter diagram indicating the relationship between percent viability (angular values) and mean adults longevity for five strains of Tribolium castaneum (r = 0.481, b = 0.086, p < 0.05, df = 18).
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* Correlation between incidence of developmental abnormalities and adult longevity in Tribolium castaneum.

The data presented here were originally obtained during the investigation by Soliman and Lints (1982) on the effect of preimaginal constant and alternating temperatures on growth rate and the longevity of adults of five genotypes in T. castaneum.


Percentage of developmental abnormalities (Table 1) was calculated for each strain at all temperatures (both sexes combined).  Chi-square test revealed a higher level of developmental abnormalities (P = 0.01) for artificially selected than for naturally selected strains.  However, the artificially selected strains produced lower numbers of abnormal adults at 300c than at extreme temperatures.  Surprisingly Pygmy had the lowest number of abnormal adults of all the strains at all temperatures.


The regression of per cent adult abnormality (angular values) on longevity is significant at P = 0.05 (r = 0.471, b = -0.118, df = 18).  Increasing developmental abnormality (i.e. Large and Small) is associated with decreased longevity (Fig. 1).

-----------------------------

Soliman, M.H. and Lints, F.A., 1982.  Mech. Ageing Develop. 18 : 19-31.
Table 1.  Abnormal adults of five strains of Tribolium castaneum at four temperatures

	Strain
	Abnormal adults

	
	250c
	300c
	25-350c
	350c

	
	N
	%
	N
	%
	N
	%
	N
	%

	Vicosa
	35
	11.43
	39
	5.13
	39
	0.00
	39
	0.00

	Chicago
	38
	2.63
	39
	2.56
	40
	2.50
	38
	2.63

	Large
	34
	8.82
	37
	0.00
	40
	10.00
	35
	25.71

	Small
	39
	10.26
	38
	2.63
	39
	7.69
	37
	13.51

	Pygmy
	39
	0.00
	38
	0.00
	40
	0.00
	39
	2.56


[image: image8.emf]
Fig. 1.  Scatter diagram indicating the relationship between percent adult abnormality (angular values) and mean adult longevity for five strains of Tribolium castaneum.  

r = 0.471, b = -0.118, p < 0.05, df = 18
- Technical Notes -
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* A Tribolium field trap.

An effective, simple trap for collecting Tribolium brevicornis in the field consists of the following components:
1. A Hutzler 2 oz. (56.7 cc.) orange plastic funnel.

2. A plastic 35 mm. film cartridge container with snap-on cap.

3. A rubber stopper with hole #00.

4. A piece of 1/8” (3.2 mm.) wire 12” (30.5 cm) long.

5. A ½” (1.25 cm.) piece of vinyl tubing about ½” (1.25 cm.) O.D.

6. A ½” diameter antibacterial assay disk, Schleicher J. Schuell, Inc. (Keene, NH).

7. A piece of nylon thread.

8. A paper cup.

9. A Label.

A ½” hold is cut out in the snap-on cap, and the stem of the funnel is inserted into the hole.  A drop of plastic glue is applied to the hole and the stem of the funnel.  The piece of vinyl tubing is placed at the end of the stem of the funnel to prevent the cap from slipping off.
A pair of holes are drilled near the top of the funnel.  They will be used to tie the nylon thread in place.  The top half of the trap is now assembled.

For the bottom half, a ½” hole is made in the bottom of the film container.  Into this hold is inserted the rubber stopper.  (In order to secure it permanently, the surface of the stopper and container are covered with some glue).  One end of the wires is inserted into the rubber stopper hole.  By uniting the top and bottom halves the trap is completely assembled.
The paper disc is charged with a small droplet of the aggregation pheromone, and attached to the nylon line with a paper clip or any other kind of device.  The chargei trap is then placed on the shady side of a tree, making sure that the lip of the funnel touches the bark of the tree.  This trap has been used successfully for trapping Tribolium brevicornis in the field.


In order to make the trap conspicuous, the orange contact label is applied to the funnel.  To minimize vandalism, the label may bear a label such as 


INSECT TRAP


Department of Entomology


537 Russell Laboratory


University of Wisconsin


Madison, Wisconsin

The telephone number of the organization may be added to this information in case the trap is overlooked or its location forgotten.

This investigation was supported in part by the Stored Product and Household Insects Laboratory USDA, SEA, AR Department of Entomology, University of Wisconsin, Madison.

We are indebted to Elaine Sokoloff for the drawing of the Tribolium field trap.
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* Microinjection of amino acids in Tribolium

The injection of small quantities of water-soluble compounds into Tribolium permits direct investigation of the effects of these compounds on physiology or growth without the uncertainties of dosage inherent in feeding or topical application.  We utilized this technique to determine the role of β-alanine in melanization and sclerotization of the black-mutant by injection of β-alanine or amino acids into untanned adults (Kramer et al. 1983).


Needles for injection were prepared from 1.2 mm (O.D.) glass capillaries drawn out with a standard microelectrode puller.  The diameter of the tip was 5 x 10-2 mm, and the optimal beveled shape was formed by breaking the tip with a minutin pin.


A 250 µl Hamilton syringe was attached to the glass injection needle with a length of flexible tubing.  Care was taken to eliminate all air bubbles from the system.  A foot-controlled Isco micro-applicator was calibrated with the microliter syringe to deliver an injection volume of 0.1 µl.  Larger injection volumes could not be reproducibly introduced into the body cavity.


Before injection newly eclosed adult beetles were anaesthetized by exposure to cold or CO2.  Each insect was positioned and immobilized with a watchmakers forceps.  The needle was inserted into the thin membrane between the 3rd and 4th abdominal sternites near the pleurite, at a flat angle, and directed towards the thorax.  Approximately 80% of the test beetles survived the procedure for at least four days.  By microinjection we demonstrated that the darker cuticle pigmentation of the black mutant is prevented by β-alanine administration and results in a rescue of the normal rust-red phenotype.

This investigation was supported in part by research grant PCM 8208497 from the National Science Foundation.
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