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Notes-Research
New Mutants (Tribolium castaneum): Richard W. Beeman and M. Susan Haas

Split gula (Sg).  Spontaneous dominant found in the Bar Eye (Be), sooty (s) stock.  The gula, pregula, submentum and mentum of these mutants is split medially and the labial palps are no longer “nested” between the maxillary palps.  The two halves of the mentum appear to form basal structures proximal to the palps.  This phenotype could be a transformation of labial identity to either maxillary or prothoraxic.  Sg complements alate prothorax (apt) and Cephalothorax (Cx).  Tests are underway to determine complementation with prothoraxless(ptl).  Linkage testing is in progress to determine if Sg is linked to the HOM-C.

Split ventral abdominal 7 (Sva 7).  Spontaneous dominant found in the A20 Radiel stock.  As most strongly expressed, Sva7 causes the normally sclerotized ventral A7 (seventh abdominal segment) to appear as a pair of oval plates.  The posterior margin of this segment is often medially indented between the plates.  This phenotype appears to be A7 to A8 transformation.  Sva7 complements pointed abdominal sternite (pas) and extra urogomphi (eu).  Linkage testing is underway to determine if it is linked to the HOM-C.
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OPINION PAPER

M. Susan Haas – Susan J. Brown

Richard W. Beeman

Pondering the procephalon: the segmental origin of the labrum
Received: 8 June 2000 / Accepted: 14 November 2000 / Published online: 25 January 2001
Abstract :  With accumulating evidence for the appendicular nature of the labrum, the question of its actual segmental origin remains.  Two existing insect head segmentation models, the linear and S-models, are reviewed, and a new model introduced.  The L-/Bent-Y model proposes that the labrum is a fusion of the appendage endites of the intercalary segment and that the stomoderum is tightly integrated into this segment.  This model appears to explain a wider variety of insect head segmentation phenomena.  Embryological, histological, neurological and molecular evidence supporting the new model is reviewed.
Keywords : Insect head – Intercalary – Labrum – Stomodeum – Segmentation
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SHORT COMMUNICATION

M. Susan Haas – Susan J. Brown

Richard W. Beeman

Homeotic evidence for the appendicular origin of the labrum in Tribolium castaneum
Received: 8 June 2000 / Accepted: 14 November 2000 / Published online: 8 February 2001
Abstract :  The ontogeny of the insect labrum, or upper lip, has been debated for nearly a century.  Recent molecular data suggest a segmental appendage origin of this structure.  Here we report the first arthropod mutation associated with a homeotic transformation of the labrum.  Antennagalea-5 (Ag5) transforms both antennal and labral structures to resemble those of gnathal appendages in Tribolium castaneum.  This labral transformation suggests that the labrum is a fused structure composed of two pairs of appendage endites, and is serially homologous to the gnathal appendages.
Keywords Insect head – Homeotic transformation – Mandible – Labrum – Appendage
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* Observations of Walking Sticks (Phasmidae).


NOTE: The first paper in this series Regeneration in walking sticks (Sokoloff, 2000) dealt with the growth of the sticks from the third instar to the adult stage and regeneration of the walking appendages.  The present note deals with further observation of the adults, and some observations on the earlier stages of development.

Walking stick number 2 (WS-2) outlived number 1 (WS-1).  Shortly after the death of WS-1, it molted.  It had the normal number of legs except for the middle right leg, which failed to expand and formed into a coiled leg.  Two weeks later WS-2 molted again, but the molted specimen had three normal left legs.  The three right legs were missing beyond the trochanter.  I placed the specimen in a plastic container which originally housed a lemon meringue cake.  The top and bottom of the container were clear plastic.  The cake originally rested on a disk-shaped base made of styrofoam.  Its upper surface had two concentric elevated circles about ½” in width to prevent the cake from sliding.  The styrofoam disk was soft, but sturdy enough one could drive dry sticks into it and thus create a more “natural” environment.


There were two sources of water: one was a small rectangle of blotting paper which was saturated with water every day.  The second source was water injected between two rose plant leaves to give a dew effect.


It became evident that the WS would not be able to take care of itself.  Every morning I would find it on its back, or side at the edge of the cage, between the Styrofoam disc and the plastic cover of the cake container, lying helplessly.  It would try to reach for some solid surface lying on the plastic box floor, for example rose leaves which served as its food.  Usually the result was that it might drag itself to reach for the leaves, to anchor its claws on the leaf thorns, and contracting the muscles of the femur.  If it managed to reach the leaves, it would try to get closer to them but the leaves would slip away.  I helped it by anchoring the leaves with an open paper clip.  I constructed an arbor of dry sticks and a few times I found it perched on one of the sticks.  Most of the time, however, I would find it on the inner side of the plastic cover lying on its back.  When it was hungry, the rose leaves would attract the WS, and I knew that it had been eating by the very characteristic way these insects eat along the edge of the leaf.  Clearly, the presence of three legs, all on one side of the body, was not conducive to effective locomotion.


The WS had grown to a sizeable specimen: Its overall length was 8.5 cm.  The antennae were 11 mm; The horns on its head were about 1.5 mm long.  The segments of the legs had the following dimensions:


Left foreleg: coax, 2 mm.; trochanter, 2 mm. femur, 34 mm; tibia, 20 mm.  The tarsal segments had broken off.  The proximal 5 mm. of the femur of the foreleg were free of spines and served to protect the head and its parts.  The rest of the femur was thicker, about 1 ½ mm, with spines on the dorsal and ventral surface.  The distal dorsal part of the femur bears a spine at the femoral tibial joint.


The middle leg: the femur extends from the trochanter to the joint between femur and tibia.  A pair of spices protect the femoral-tibial joint.  There are 3 prominent spines on the dorsal part of the femur.  There are four rows of spines extending the length of this segment.  The tibia bears 5 spines directed toward the “foot” of the leg, the first spine being the most prominent.  The tarsus and claws were broken off.

The hind leg has a 30 mm femur and a 30 mm tibia (the tarsus and claws had fallen off).  The femur has 4 ridges with spines arranged along these ridges.  There are two prominent bristles on the distal end of the femur, one on each side of the proximal end of the tibia.  The tarsus of the hind and other legs consists of 5 segments and a pair of claws.


I was hoping the walking stick would molt its exoskeleton once more and attempt to regenerate its legs, but it died without going so.  The walking stick was on its 3rd or 4th instar when it was given to me in September, 2000.  It died in June of 2001.


While it was alive, I decided to collect the fecal pallets it produced to see if they contained cysts of parasites or to add them to our insect collections.  The droppings, feces or fecular pellets of walking sticks are black, and irregular in shape.  Among them there were some that had an oval shape, but at the time I collected them I did not pay much attention to them (my vision was greatly reduced owing to the presence of cataracts, and I did not examine them either with a magnifying glass or with the dissecting microscope).  In any case, both oval and irregularly shaped fecular droppings ended up in a screw-cap vial, the three legged stick insect ended up in the insect collection.  I was sad because I expected the two walking sticks to reproduce so I could study these interesting insects.


A month later, returning to my study room one day, I saw movement in the vial containing fecal pallets.  On closer examination, the movement was produced by walking insects that hatched.  Most of the 20 specimens were dead, obviously because of lack of food and water, but four had hatched more recently and survived.


The mother may have been inseminated by the other stick insect before it died, or the development may have been possible because of parthenogenesis which is known to occur in these insects.  In any case, besides the 20 eggs that hatched there were 200 eggs, which had not hatched, allowing further observations.

THE EGGS

It has been reported that the eggs resemble plant seeds.  They are dropped from the shrubs singly in autumn, rest on the ground all winter, hatching in early summer.  The nymphs feed on leaves, and reach maturity in summer and early fall.  At this time they resemble twigs upon which they rest (brown or green).  The eggs I examined had thin and fragile shells and could easily be broken into when picked up with forceps.

The eggs roughly resemble a pickle jar in shape.  The width is about half the length.  The pickle jar is flat at one end so it will stand, but the base of the egg is rounded.  The pickle jar has a neck and around the mouth the neck bears some elevations to allow the cap to close the jar tightly so the liquid will not spill out.  The comparable end of the egg has some distinct elevations to close the exit of the egg firmly.  The external surface of the cap of the egg has about 3 layers and the cap resembles a Gaucho hat.  In an unopened egg, below the cap (Fig. 1) which is shiny black on its external surface, there are lines which suggest the presence of ridges resembling the ridges that are found on the outer part of the neck of the pickle jar.  In the pickle jar there are spiral depression of the metal cap fit to hermetically close the contents to twist the cap on the bottle or to remove the cap from the bottle.  The cap of the egg has 3 spiral ridges which fit into corresponding spiral depressions matched in a similar fashion as in the pickle jar.


On the outside of the egg, about half way from the cap to the closed opposite and of the egg there is a kidney-shaped “scar” which may be the place where some attachment from the ovary attaches to the egg (Fig. I)


Sometimes the hat-shaped cap can apparently yield to pressure so that the completely developed hatching can walk out and leave the egg with the cap still attached to the egg’s opening.  Other times the cap of the egg is given such a strong shove from the inside of the egg that it detaches completely from the egg.  Fig. 1a and 1b show the concave side of the cap when the cap has been pushed gently from the inside by the hatching.  Figure 7 is a side view of the cap, 7a, and an inner side view with three levels of the cap (7b).
EXTERNAL SURFACE OF THE EGG SHELL…


Another remarkable feature of the egg of a walking stick is the appearance of its outer surface.  No two eggs are alike (Figs. 2a-b to 6a-b).  In these sketches, are shown the front and the back of the egg, to maximize the effect.  In a few of these figures we can see the attachment point of the egg to the attachment organ to the ovary.  This place of attachment looks kidney-shaped as in Fig. 1.  My guess is that the rest of the egg shell and sometimes even the kidney-shaped attachment point is some substance that acts as a lubricant when the egg is laid, and when it hits the air water evaporates leaving some kind of design.
BIRTH OF WALKING STICKS


The hatching from the egg, from my limited observation, occurs prior to sunrise during the warmer days of summer.  By this time one can tell whether the walking stick has emerged from the egg successfully or not.  Birth is apparently a very hazardous event.  The nymph may remove the cap successfully, but then it has wiggle back and forth to leave the shell.  The head may appear, followed by the thorax.  The walking appendages are long and fragile, and the external environment may not be suitable for the retention of moisture which may act as a lubricant to gradually free its appendages from the shell (the appendages reach all the way to the closed end of the shell (Fig. 8).

Judging from the individuals I have examined, there may be several mishaps during the birth of the walking sticks.  In all these cases the cap has been popped off the shell:

1. The new hatching may have its head and thorax out of the shell, but all six pairs of legs are stuck within the shell, and eventually the insect dies.

2. Any one or more of the legs may remain stuck within the shell, making it more and more difficult for the insect to emerge from the shell.  Death eventually follows.

3. With further efforts, the hatching may free its first and second pairs out of the shell, but it may be too exhausted to exert itself further, and dies attached itself to the shell.

4. The middle and hind legs may come out and one or both of the front legs still remain stuck.

One or both of the legs may become free from the shell after further efforts, or one of the legs may be stuck to the shell until the first molt.  If only one leg is stuck in the eggshell, the insect may carry it like a boot.  Efforts may be successful in dropping the shell, in which case the leg may be recovered entirely, or may separate from the shell losing the tarsus or more proximal segments of the leg and later degenerated. One thing is clear: one should not attempt to help any of these first instar walking sticks because the exoskeleton is very soft, and parts of the leg or the entire leg may separate from the body.


At this writing, only about one 15-20 percent of the eggs laid by the female hatched between the time they were laid and the present, and since the weather has turned cold in the evenings, there have been no more walking sticks being born.  It will be interesting to see how many of the 150 eggs remaining will hatch next summer.


Sexing these insects is difficult because in the female the ovipositor is hidden by other structures.  The two original walking sticks I received had similar structures at the tip of the abdomen.  I did not see the process or frequency of egg-laying.  The discovery of live first instar phasmids was the first indication that the larger walking stick had laid eggs was the presence of the 20 hatchlings of which only four were alive.


As I mentioned above, there were only about 200 eggs in the clutch, and of these about 20 had hatched, but 16 of them had died for lack of water.  For the next 6 weeks the eggs hatched at the rate of 1 or 2 or none per day.  Many of these died for various causes, but survivors included 6 which at this writing are in their third instar, 4 are now in their second and 2 are in their first instar.  The third instars have complete sets of legs and have a green color.  The others have brownish color and lack of some of their legs as I indicated before.  Their antennae are short.  While the walking sticks are at rest, they hold their front legs forward, parallel to the small antennae.  If one blows gently into their cage they begin to sway on their legs from side to side.


The hatching of new nymphs has ceased since the beginning of October when nights began to cool off.  It will be interesting if any of the remaining eggs continue hatching from next summer to fall of 2002.  It may be possible that these eggs were produced by parthenogenesis as it has been reported in the literature.  Horn (1976) stats that many walking sticks are parthenogenic (without mates).  Females simply lay viable eggs that drop to the forest floor and may take a year or two to hatch.

Notes-Research
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Notes-Research, Teaching and Technical
Grain Marketing and Production Research Center
Biological Research Unit

1515 College Avenue

Manhattan, KS 66502

Telephone: 785-776-2704 / FAX 785-537-5584

James E. Throne, Research Leader

RESEARCH HIGHLIGHTS AND TECHNOLGOY TRANSFER FOR 2000-2001

Temperature and Relative Humidity Impact Efficacy of Diatomaceous Earth.  Diatomaceous earth (DE) is reduced-risk low-toxicity natural product registered to control stored product insects.  When red flour beetles and confused flour beetles are exposed to diatomaceous earth, mortality of both species increases with temperature and decreases with relative humidity.  In addition, the confused flour beetle is more tolerant to DE than the red flour beetle, and longer exposure intervals may be required to eliminate populations of the confused flour beetle.  Seasonal variation within a storage facility, the target pest species, and the presence of food material must be taken into account when using DE to control flour beetles in mills and food warehouses (Arthur, 776-2783)
Transgenes inserted into beetles.  In 2000 we succeeded for the first time in producing genetically transformed beetles, using gene transfer vectors constructed in 1999.  Foreign genes were inserted into the chromosome of the red flour beetle using mobile gene vectors (“transposons”) derived from moths and flies.  This new system can be used to insert DNA tags into target insect control genes, making it possible to identify, isolate and characterize such genes and to facilitate the incorporation of these genes into transgenic plants for insect control.  The system could also be used to correct genetic defects and genetically engineer improvements in beneficial insect species.  To demonstrate this possibility, we used the new system to introduce the tryptophan oxygenase gene (required for pigmentation) into tryptophan oxygenase-deficient, unpigmented red flour beetles, and showed that normal pigmentation was restored. (Beeman, 776-2710)
Chitin synthase gene mapped in flour beetle.  The chitin synthase gene was mapped onto chromosome 5 of the red flour beetle.  This accomplishment makes possible a mutational analysis of this important developmental gene, which will in turn allow us to identify the regions of the gene most critical for activity and most sensitive to inhibitors.  (Kramer, 776-2711)

Influence of food patch size on egg laying behavior investigated.  The red flour beetle, Tribolium castaneum, is a major pest of flour mills and other food processing and storage facilities.  The spatial configuration of food patches strongly influences the abundance and distribution of individuals in a landscape and this in turn impacts on where pest management needs to be targeted.  We investigated how food patch size influences egg laying behavior and the fitness consequences of different egg laying decisions.  Females adjusted the number of eggs that they laid in a given patch as a function of amount of flour present.  Females visited multiple patches and the allocation of eggs among patches was influenced by the amount of flour in the patch.  There was a good correlation between the number of eggs laid and the optimal number of eggs to maximize offspring survival to adulthood.  Understanding patch use behavior will help improve the management of pest population in food processing and storage facilities.  (Campbell, 776-2717)
Nematodes may be effective against insects that infest grain and grain products.  Certain species of nematodes are lethal parasites of many species of insects.  These nematodes are small (less than 1/16 inch) round worms that have the ability to seek out insects and kill them.  They are also commercially available and initial results indicate that they may be effective against insects that infest grain and grain products.  Initial data indicate that one of the nematodes (Steinernema carpocapsae) is very effective at attacking the larvae of Indianmeal moths and moderately effective at attacking red flour beetle adults.  Further research is being conducted to determine how effective the nematodes will be at finding and killing insects in the structure of buildings and the influence of low relative humidity of efficacy. (Campbell, 776-2717)
Responding to customer requests, a web site was developed for downloading stored product insect images (http://bru.usgmrl.ksu.edu/images).  The database contains over 130 images of 30 different stored product pests in easy-to-download jpeg files.  This information will provide a valuable resource for researchers, educators and the general public.  (Oppert, 776-2780.
EFFECT OF SELECTION ON HERITABILITY OF EGG NUMBER IN

Tribolium castaneum
S.B. VERMA1 AND R.L. SINGH2
Department of Animal Breeding & Genetics,

Ranchi Veterinary College, Ranchi – 834 007 (India)

SUMMARY


In order to study the trend of heritability estimates in two-way selection, generation-wise estimates from sire, dam and sire + dam components were obtained.  These estimates were regressed on the generation number to study time trend in heritability in selection experiment.  All the linear regression coefficients in both the directions of selection were observed to be negative suggesting loss of additive genetic variance due to selection.

INTRODUCTION


Tribolium has been extensively used as a model to investigate population genetic and animal breeding theory.  The effect of selection on heritability estimates has been of considerable interest to research workers.  Its importance further increases when different intensities of selection are applied in divergent selection.  The trait ‘egg production’ in Tribolium is very sensitive to environmental conditions like egg production in poultry and milk yield in cattle.  It is, therefore, the time trend in estimates of heritability for egg production at two different selection intensities in Tribolium castaneum was studied in the present investigation.
----------------------------------------------------------------------------------------------------
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MATERIALS AND METHODS


Tribolium castaneum (Izatnagar strain) maintained for last several years as a closed population on random mating constituted the genetic material for this study.  The procedure of Tribolium culture was the same as reported by Bhat and Bhat (1974).  The cultures were maintained in B.O.D. incubator at 32 + 0.50c and 70 + 5% R.H. throughout.  On 5th day of adult life one male was allowed to mate with 3 females for 48 hours and on 7th day all the 4 adults from the mating vials were separated into 4 individual vials, each female in 1 vial.  Egg production was recorded on 8th, 9th and 10th day of adult life.  Two hundred and seventy sire families, each consisting of 1 sire, 3 dams and 15 female progenies were formed.  These sire families were further divided randomly into 9 groups each consisting of 30 sires, 90 dams and 450 female progenies.  One of these groups was used as control.  Two groups as replicates (R1 and R2) were used for each of the high selected lines 1 and 2.  These groups were symbolized as : HS1 – high selection line 1 where top 33.33% families were selected, HS2 – high selection line 2 where top 50% families were selected, LS1 – low selected line 1 where lowest 33.33% families were selected and LS2 – low selected line 2 where lowest 50% families were selected and control – unselected line.


Thirty sire families were ranked on the basis of the total egg number (8th – 10th day) after adult emergence in each group.  Selection was practiced for high and low egg production using sire family means at intensity levels – (a) 33.33% and (b) 50% in each group.  Next generation was regenerated in a way that the number of sires, dams and female progenies remained constant in each line and generation.  Half-sib and full-sib matings were avoided.

Heritabilities in each group were calculated separately using variance component analysis (King and Henderson, 1954).  The standard errors for heritability estimates were computed as per Dickerson (1960).  Pooled estimates of heritability were obtained by weighting each estimate with the inverse of its variance following the method of Enfield et al. (1966).  Linear regressions of heritability estimates on generation number were obtained according to Snedecor and Cochran (1967).

RESULTS AND DISCUSSIONS


Generation-wise estimates of heritability are presented in Table-1.  The heritability for the selected trait in the control line ranged from 0.19 to 0.25, 0.30 to 0.47 and 0.27 to 0.33 from sire, dam and sire + dam components of variance respectively.  The respective estimates pooled over generations were 0.21, 0.42 and 0.32.  The estimates derived from dam components of variance were found to be consistently higher than those from sire components which are in agreement with the reports of Krause and Bell (1972) and Verma et al. (1980) and these suggested the involvement of non-additive genes and / or maternal effects in the inheritance of this trait.  Linear regressions of heritability estimates on generation number (time trend in heritability estimates) are presented in Table – 2.  In the control line the regression co-efficient indicated a non-significant decline of 0.0007 from the sire component, however, dam and sire + dam components showed non-significant increase of 0.00023 and 0.0004 respectively.  These reflected that the control population remained genetically stable over generations and fluctuations were due to the chance factor.

The heritability for the selected trait ‘8th – 10th day egg number’ for the two high and the two low lines did not present any definite trend from generation to generation.  The time trends in heritability were consistently negative in all the lines from all the three components of variance (Table – 2).  Eight out of 12 regression coefficients were found to be significant.  Bell ad Burris (1973) observed a decline in heritability estimates at the end of four and eight generations of selection for 7th – 11th day egg number in Tribolium castaneum.  Ruano et al. (1975) and Orozco (1976) reported significant negative regression coefficients of the heritability estimates from daughter dam regression method on generation number for 7th – 11th day egg production to be – 0.03 + 0.01 and – 0.0216 + 0.0063 respectively in Tribolium castaneum.  Nordskog et al. (1974) and Thiyagasundaram (1984) also observed decline in heritability estimates for egg number in poultry in selection experiments.


The present study revealed that the heritability estimates tended to decline as selection advanced which is in agreement with the findings of the research workers mentioned above.  The decrease in heritability estimates during selection may be attributed to a loss of additive genetic variance.
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Table-1.  Heritability estimates for the selected trait (8th – 10th day egg number) in different lines and generations (Replicates pooled).

	Gene-rations
	Heritability
	Lines

	
	
	HS1
	HS2
	LS1
	LS2
	Control

	G0
	h2S+S.E.
	0.21+0.11
	0.22+0.11
	0.24+0.11
	0.21+0.11
	0.19+0.16

	
	h2D+S.E.
	0.41+0.14
	0.41+0.14
	0.29+0.13
	0.42+0.14
	0.47+0.21

	
	h2S+D+S.E.
	0.31+0.07
	0.31+0.07
	0.27+0.07
	0.31+0.07
	0.33+0.10

	G1
	h2S+S.E.
	0.09+0.10
	0.20+0.11
	0.22+0.12
	0.17+0.09
	0.21+0.16

	
	h2D+S.E.
	0.64+0.17
	0.42+0.14
	0.52+0.15
	0.31+0.13
	0.42+0.20

	
	h2S+D+S.E.
	0.37+0.08
	0.31+0.07
	0.37+0.08
	0.24+0.06
	0.32+0.10

	G2
	h2S+S.E.
	0.15+0.09
	0.21+0.10
	0.19+0.10
	0.16+0.10
	0.25+0.16

	
	h2D+S.E.
	0.22+0.13
	0.19+0.12
	0.30+0.13
	0.50+0.15
	0.30+0.19

	
	h2S+D+S.E.
	0.18+0.06
	0.20+0.06
	0.25+0.06
	0.33+0.07
	0.27+0.10

	G3
	h2S+S.E.
	0.15+0.09
	0.16+0.09
	0.21+0.11
	0.14+0.09
	0.21+0.16

	
	h2D+S.E.
	0.25+0.13
	0.15+0.12
	0.43+0.14
	0.31+0.13
	0.44+0.21

	
	h2S+D+S.E.
	0.20+0.06
	0.16+0.05
	0.32+0.07
	0.23+0.06
	0.33+0.10

	G4
	h2S+S.E.
	0.13+0.09
	0.15+0.09
	0.16+0.09
	0.30+0.10
	0.23+0.16

	
	h2D+S.E.
	0.27+0.13
	0.25+0.13
	0.27+0.13
	0.09+0.10
	0.41+0.20

	
	h2S+D+S.E.
	0.20+0.06
	0.20+0.06
	0.22+0.06
	0.20+0.06
	0.32+0.10

	G5
	h2S+S.E.
	0.11+0.08
	0.16+0.09
	0.15+0.09
	0.12+0.08
	0.21+0.16

	
	h2D+S.E.
	0.23+0.13
	0.20+0.12
	0.32+0.13
	0.39+0.13
	0.44+0.20

	
	h2S+D+S.E.
	0.17+0.05
	0.18+0.60
	0.14+0.06
	0.16+0.03
	0.35+0.10

	G6
	h2S+S.E.
	0.12+0.08
	0.14+0.08
	0.17+0.09
	0.14+0.08
	0.19+0.16

	
	h2D+S.E.
	0.14+0.12
	0.14+0.12
	0.23+0.12
	0.14+0.12
	0.45+0.21

	
	h2S+D+S.E.
	0.13+0.05
	0.14+0.05
	0.20+0.06
	0.14+0.05
	0.32+0.10

	G7
	h2S+S.E.
	0.11+0.08
	0.12+0.08
	0.13+0.09
	0.16+0.09
	0.21+0.16

	
	h2D+S.E.
	0.12+0.12
	0.13+0.12
	0.33+0.13
	0.20+0.12
	0.42+0.20

	
	h2S+D+S.E.
	0.12+0.05
	0.13+0.05
	0.23+0.06
	0.18+0.06
	0.31+0.10

	Ovearall
	h2S+S.E.
	0.13+0.03
	0.16+0.03
	0.18+0.03
	0.17+0.03
	0.21+0.06

	
	h2D+S.E.
	0.26+0.05
	0.22+0.04
	0.33+0.05
	0.24+0.04
	0.42+0.07

	
	h2S+D+S.E.
	0.19+0.02
	0.19+0.02
	0.26+0.03
	0.21+0.02
	0.32+0.04


h2S, h2D and h2S+D are the heritability estimates for sire, dam and sire + dam components respectively.
Table-2.  Linear regression of estimates of heritability on generation number for the selected trait in different lines (Replicate pooled).
	h + S.E. / LIXES
	HS1
	HS2
	LS1
	LS2
	Control

	h2S
	- 0.0082 

+ 0.0052
	- 0.0138 ** + 0.002
	- 0.0142 ** + 0.0025
	- 0.0055 

+ 0.0092
	- 0.0007 

+ 0.0033

	h2D
	- 0.0533 * 

+ 0.0177
	- 0.0384 * 

+ 0.0115
	- 0.0151

+ 0.0144
	- 0.0421 * 

+ 0.016
	0.0023 

+ 0.0085

	h2S+D
	- 0.0305 ** + 0.0074
	- 0.00254 ** + 0.0055
	- 0.015 

+ 0.0071
	- 0.0232 * 

+ 0.0062
	0.0004 

+ 0.0033


* Significant at P < 0.05; ** Significant at P < 0.01
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HOW TO MARK TRIBOLIUM ADULTS

We have to employ a very thin nylon fibre (0,1 mm.).  We have to place a handle on it.  One possibility is to bind the nylon fibre on a small brush, better without bristles, in a way that it remains firm (figure 1).

There are felt tip pens that once empty, it is very easy to extract its porous tip and then to introduce it again together with the nylon fibre cutting a piece away if it is too long (figure 2).

The ball-point pens have got a little but very hard ball that can be removed filing or cutting all around it with an old blade or scalpel : doing this under the binocular will be a great help.  Then we have to remove the pipe with the ink.  If it’s necessary, we can wash with alcohol the support that has no longer the little ball in it, in order to introduce the nylon fibre in a way that it remains well firm (figure 3).

With the fibre we have to touch slightly the not toxic paint surface so that we take a minimal but sufficient quantity.  The best way to do this is to take a little blob with a needle and place it horizontally on a smooth surface in order to get a thin coat where we can dip the fibre while the paint does not get dry.

The clean insects must be put on a smooth surface, and touching them with the fiber they will remain sticked on it so that we can transfer them to a Petri dish with flour and a piece of paper where they can grasp on in order to get free.

We can do it with or without the binocular.  It will be very useful to immobilize with ice.  It is important that the paint does not immobilize the head, the thorax or the elithres of the insects, marking like in A but not like in B.

Each time we mark an insect it is convenient to clean the fibre frequently with the thumb and the index finger of the left hand using or not a cleaning cloth or a thin piece of paper.  It is important to avoid that the paint on the fibre gets dry.
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