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NEW MUTANTS

* REPORT OF A. C. BARTLETT
Anthonomus grandis

1. apricot (pa):  Recessive autosomal gene controlling eye color.  Allelic and dominant to pearl.  Isolated in the F2 of a cross between yellow and pearl.  Eyes of the mutant show the dark ocular ring of pearl with the apricot-colored ommatidia.

2. ebony (e): Semi-dominant autosomal gene controlling body color.  Identical in color and gene action to slate; however, crossing results show that these are two different loci.  The strain was started by a single virgin female picked up in the laboratory on a bench top.  The female exhibited the black color characteristic of the homozygous form.  The heterozygote has a dark bronze color.  The heterozygous state of ebony is distinguishable from the heterozygote of slate even though the homozygotes are indistinguishable.

3. gnarled (g):  A  recessive lethal mutation, presumably autosomal but this has not been tested adequately.  So far no obvious phenotype is observed in the heterozygotes carrying a gnarled gene but the expression of the homozygote is very striking.  Expression of g/g is variable but the normal appearance shows the legs and elytra twisted and shortened.  The tibia is shortened and the tarsi are folded away from the body.  The beak is shortened and the antenna always shortened and twisted.  The homozygotes sometimes eclose but are always too crippled to eat or walk and soon die.  A majority of homozygous pupae darken but do not eclose.  We are trying to find a way to identify heterozygotes so selection can be practiced on each generation to perpetuate the stock.  This mutant was found during the third generation of inbreeding of a pair of weevils from the Florence strain.  Goodness-of-fit tests have been run on the proportions of gnarled in the line and show a good fit to the expected 3 to 1 ratio for a recessive gene.
4. pearl (p):  Recessive autosomal gene controlling eye color.  Color of eyes translucent white in adults of all ages.  Expressed in pupae at the time when darkening of eyes occurs in wild-type stocks.  Complete penetrance and good expressivity.  Never overlaps wild-type.  In this stock the center of the eyes are pearl colored but the outer margin is dark giving the weevil a spectacled appearance when viewed from the side.  Obtained in F2 of an irradiation test.  Probably radiation included.  Not linked to yellow, slate or ebony.  Allelic or apricot.

5. slate (s):  Semi-dominant autosomal gene controlling body color. Homozygote deep black color, heterozygote is light bronze and easily classified when compared to wild-type or slate.  This mutant was found as heterozygotes in a culture from Acala, Mexico.  Preliminary observations on viability and fertility indicate that the heterozygote is more fertible than either homozygote and may be somewhat faster in development.

* REPORT OF A. E. BELL

T. castaneum
1. bead (bd).  Shideler.  Autosomal recessive appearing spontaneously in our Chicago Inbred Line at generation 51.  Antennal segments are elongated and reduced in size giving a “beaded” appearance.  Frequently, the antennae are lighter in color (blond) than the wild type.  Expression is variable with about 75% penetrance.

2. deformed antenna (da).  Shideler.  Autosomal recessive found in a mc m i marker stock.  The three terminal segments are fused as in the paddle mutation.  Variable expression with about 90% penetrance.

3. pearl (pS).  Shideler.  Spontaneous in our Fla Inbred Line after four generations of full sibbing.  Allelic to pearl (p) and similar in expression.

4. red (rS).  Shideler.  Spontaneous in a body weight selection line.  Allelic to red (r) and similar in expression.

* REPORT OF C.E. DYTE, D.D. SHAW, AND MISS D.G. BLACKMAN

Tribolium castaneum
tawny (bt).  This name is proposed for the autosomal recessive previously called “bronze” in TIB-6, which has proved to be allelic to black.  B/b and bt/bt are similar shade of bronze; b/bt is a darker bronze.  B/B; s/s beetles appear intermediate between bt/bt; S/S and bt/b; S/S when compared en masse, but it would be very difficult to distinguish sooty homozygotes from these tawny genotypes in mixed populations.
Tenebrio molitor (Tenebrionidae)

pearl (p).  Similar to other pearl mutants.  Probably similar to fleischfarbenen Augen of Ferwerda but genetics not yet studied.

Rhizopertha dominica (Bostrichidae)

black (b).  Spontaneous in laboratory culture of unrecorded origin.  Body colour is blackish instead of brown.  True-breeding culture established but genetics not yet studied.

Oryzaephilus surinamensis (Silvanidae)

pearl (p).  Similar to other pearl mutants, and noted as unstudied genetically in TIB-6.  Apparently an autosomal recessive yielding normal F1 and an F2 of 87 pearl and 273 normal when mated with wild type.

Cryptolestes turcicus (Cucujidae)


red (r).  Eye-colour mutation similar to red in some strains of T. castaneum.  Undoubtedly a sex-linked recessive producing a pale pink eye colour but extrinsic factors have disturbed ratios in some experiments.  We have previously called this mutant “pearl” but Sokoloff has suggested red is more appropriate, and having seen red T. castaneum we agree.

Dermestes maculates (Dermestidae)

1. fuscous (fu).  Spontaneous in a culture originating from Australia.  Elytra deep brown instead of black.  Preliminary crosses suggest autosomal semi-dominance.

2. light wing (l).  Spontaneous in culture originating from Australia.  Costa, subcosta, radius and sector and enclosed cells unpigmented.  Genetics not yet studied but Philip (1940) mentions similar autosomal recessive.

3. pearl (p).  Spontaneous in culture of unrecorded origin.  Appears similar to other pearl mutants but genetics not yet studied.  Possibly a re-occurrence of “white-eye” reported by Philip (1940) but her cultures are known to have been destroyed.

4. rufous (ru).  Spontaneous.  Eye colour red-brown.  Genetics not yet studied.

5. second sex pit (ssp).  Spontaneous in culture originating from Australia.  Males with sex pit on 3rd abdominal sternite besides the one normally present on sternite 4.  Genetics not yet studied.  Philip (1940) reported limited tests with a similar mutant which suggested it was an autosomal recessive with sex-linked expression.

6. short elytra (sh).  Spontaneous in culture originating from Australia.  Elytra shortened exposing last abdominal segment.  Genetics not yet studied.
* REPORT OF E. R. RICH

Tribolium  Castaneum

pearl-like.  In general appearance this mutant looks like pearl but has not yet been checked for allelism.  Autosomal recessive in-heritance, no indication for decreased viability.

* REPORT OF A. SOKOLOFF

Cryptolestes turcicus

The following two abnormalities were found in some material derived from stocks maintained at the Pest Infestation Laboratory, Slough, Bucks, England.

1.  crooked antennal (cka).  Hoy and Sokoloff, 1964.  Autosomal recessive of variable expression and incomplete penetrance.  Usually segments 4 and 5 of one or both antennae become fused into a sausage-shaped segment of about the same length as the two separate segments.  Sometimes more distal segments may be affected in the same individual; occasional individuals may exhibit a bifurcated antenna beyond the fused segments but these may be teratologies.

2. runty (rty).  Sokoloff and Hoy, 1964.  Normally males are smaller than females.  The abnormality cited herein is restricted to the females which are reduced to about half the size of normal females.  No males have been observed to be reduced in size to that extent.  The fact that many females exhibit this phenotype indicates the condition is heritable, but the mode of inheritance has not been worked out.

Latheticus oryzae
1.  droopy elytra (dre).  Sokoloff, 1960.  As in T. castaneum and in T. confusum this abnormality is characterized by a divergence of the elytra, often starting at the scutellum.  The sclerotized wings may droop at the sides, or they may be only slightly “split” at the posterior end.  Probably a phenodeviant, since dre x dre crosses produce beetles predominantly with normal elytra.
2. elongated elytra (ele).  Hoy and Sokoloff, 1964.  A recessive of incomplete penetrance.  The elytra extend beyond the tip of the last abdominal segment, but they are not elongated to the extent as in a similarly named mutant in T. confusum, the elongation being generally much less than the length of one abdominal segment.  A very large number of larvae in the ele stock exhibit prothetely.  Sometimes the elytra are expanded becoming as long as the combined length of the two wing-bearing segments, plus the first two abdominal segments.  In other cases the buds are brief lateral bud-like structures.  If so, the elytral buds or the membranous wing buds or both may be everted.  It is not clear whether this prothetelous condition is associated with the ele gene, or whether it is due to the release of quinone by the contemporary imagoes confined in the same creamer.  Whatever the season, it is clear that the incidence of prothetelous larvae in this stock is far greater than any so far observed in handling other stocks or in various crosses.

3. fused antennal segments-1 (fas-1).  Sokoloff, 1960.  Spontaneous recessive found while attempting to establish the mode of inheritance of pearl.  The fas-1 gene has incomplete penetrance; the stock has a very large number of beetles with both antennae normal.  Even in one individual the antennal segments on one side are normal and those on the other are variously fused.  Most frequently encountered are fusions in segments 8-9 (in the club).  However, fusions of these segments together with fusions in segments 4-5, and 6-7 (in the funicle) or fusions of only these segments in the funicle are not rare, as can be seen in Table 1.
4. tucked elytra (tke).  Sokoloff, 1963.  Spontaneous in brown body crosses.  One male and two females appeared in a single-pair mating whose elytra were folded under as in the sex-linked te.  This proved to be but one expression of the recessive tke.  In other pupae the elytra may be widely separated and / or short exposing the tarsi of the hind legs.  In the adult the phenotype is also quite variable ranging from beetles with elytra short as in T. castaneum she, to elytra slightly split, to elytra split starting at the scutellum, to elytra split and tips reduced in width; to elytra with tips tucked under in te-like fashion.  Any combination of two of these phenotypes may occur, and the elytra may bear a blister.  Viability may be reduced, but so far tke has not been freed of bwb which by itself reduced viability, so that the reduction in viability of tke may be due to the bwb gene.
T. castaneum

1. akimbo (akb).  Hoy and Sokoloff, 1964.  Derived from a population traceable back to an irradiated (6000 Kr) male mated to an unirradiated female.  Several (more than three) generations later two females and one male were found with rt (reduced tibia, described below.  Their descendants produced a number of mutations including sta-like, jagged antecoxal piece (jac), and akb.  This mutant resembles thu in T. confusum; the elytra are variously raised above the abdomen, exposing the posterior abdominal segment to a varying degree.  At a point one fifth to one sixth of the elytral length behind the antero-lateral margin of the elytra and the scutellum there is a notable crease or depression as if the elytra had been pushed down at this point.  The elytra in akb usually meet at the midline, but in a small number of mutants they may be divergent, starting at the scutellum.  Examination of the pupa reveals that the primary cause of this abnormality is the development of a blister in the membranous wings which displace the elytra.  Apparently the fluid in these blisters is not withdrawn into the body cavity before the beetle sclerotizes, producing the misshapen elytra.  Preliminary crosses suggest an autosomal recessive mode of inheritance.

2. alate prothorax (apt).  Sokoloff and Hoy, 1964.  A case of hereditary homoeosis.  It was first found by the writer as a female pupa in crosses involving ca and ble.  The prothorax in this pupa was greatly enlarged and the head directed away from the body at a 450 angle. The imago emerging from it had a similarly enlarged prothorax.  This proved to be but one expression of the gene.  A more frequent expression was the production of elytra- or membranous wingbud-like appendages which arise from the lateral edges of the prothorax about midway between the anterior and the posterior edges of this body segment.  These growths are evident in the pupa, but they may break off upon eclosion of the imago, leaving a roughly circular, unsclerotized area.  Often, in the imago, the anterior dorsal margin of the prothorax is incomplete, irregularly V-shaped, and the dorsal surface of the pronotum is variously indented.  With selection, the wing-bud like processes in the pupa have been observed to form an appendage which, except for the reduction in size, resembled the elytra in shape.  Furthermore, its wing venation closely resembled that of the elytra, and tracheae were visible. Thus, the presence of these two characters leave little doubt that we are here dealing with a  
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Table 1.  Fusions observed in the antennae of fas-1 in L. oryzae.

	Males
	Females

	Right
	Left
	Right
	Left

	6-7
	0
	8-9
	8-9

	8-9
	0
	8-9
	0

	8-9
	0
	0
	4-5

	0
	6-7
	8-9
	8-9

	6-7, 8-9, 10-11
	0
	0
	8-9

	6-7
	0
	8-9, 10-11
	6-7, 8-9, 10-11

	4-5
	0
	4-5
	0

	4-5, 8-9
	0
	0
	4-5, 8-9

	5-6, 8-9
	8-9
	8-9
	8-9

	0
	8-9
	8-9
	7-9

	4-5
	0
	4-5
	0

	8-9
	6-7, 8-9
	4-5
	4-5

	5-6
	0
	8-9
	8-9

	4-5, 8-9
	8-9
	4-5
	8-9

	8-9
	8-9
	0
	8-9

	4-5
	0
	0
	9-10

	0
	7-8
	8-9
	0

	0
	7-9
	0
	4-5

	0
	7-8
	0
	8-9

	0
	8-9
	8-9
	8-9

	8-9
	8-9
	0
	7-9

	4-5, 6-8
	4-5, 8-9
	0
	7-9

	0
	6-7
	4-5
	0

	0
	8-9
	5-7, 8-11
	0

	4-5, 8-9
	8-9
	8-9
	8-9

	4-5
	0
	8-9
	8-9

	8-9
	4-5, 8-9
	4-5
	8-9

	0
	8-9
	0
	6-7

	0
	8-9
	
	

	0
	8-9
	
	

	8-9
	0
	
	

	0
	5-8
	
	

	0
	8-9
	
	

	0
	8-9
	
	

	0
	4-5
	
	

	4-5
	0
	
	

	8-9
	8-9
	
	

	8-9
	8-9
	
	

	5-6
	0
	
	

	8-9
	4-5, 8-9
	
	

	8-9
	8-9
	
	

	8-9
	8-9
	
	


homoerotic mutant in which a pair of prothoracic wings is formed. The mutant can be recognized in the larva only if the prothorax is enlarged, since (if prothetelous cases are excluded) wing and elytral buds develop in the pupa, or if the prothorax is irregular in shape.  If so, the pigmented prothoracic tergites may become asymmetrical.  Preliminary crosses suggest a semidominant mode of inheritance, but penetrance is poor and viability of “alate” individuals very low, most dying in the pupa.  A mutation producing pupae with similar swollen prothoraces has recently been found in a stock of Fta c/+c.
3. antennae and tarsi fused (atf).  Sokoloff, 1961.  Spontaneous autosomal recessive of variable expression found in the course of determining linkage relationships between aa and cS.  The atf gene causes a fusion of variable segments of the tarsi and sometimes the effect extends to the funicular segments of the antennae, but these appendages may be free of fusions while the tarsal segments are nearly always fused.  The data given in Table 2 are confined to the distal segments of the tarsus.  After mounting the legs it became evident that when atf is strongly expressed there is also a partial fusion of the first tarsomerses which is not very obvious when the tarsi are examined in situ.

4. banjo (bj).  Lasley and Sokoloff, 1960.  Autosomal recessive.  Spontaneous in Chicago wild type.  The elytra in the adult may be widely divergent and drooping at the sides, or they may meet at the midline but they are short, not reaching the tip of the abdomen.  Tests of allelism are under way.

5. bent elytral tips (bet).  Sokoloff and Hoy, 1964.  Found in a stock of ap bf.  A recessive of variable expression and incomplete penetrance.  In the pupa the elytra are variously separated from the membranous wings (which remain in their normal position over the legs) and in a few cases the tips may be folded under resembling te.
In the imago the elytra are variously divergent, sometimes starting at the scutellum and the tips of one or both elytra may be bent downward (but usually not folded under, as in te imagoes) and they may bear a blister of varying size.

6. concave split (cspl).  Sokoloff and Lasley, 1960.  Autosomal recessive.  Resembles spl but is not allelic with this gene.  In the pupa the elytra may be widely separated, and the hind tarsi extend beyond the elytral tips.  In some pupae the elytra and membranous wings curve away from the body.  In the adult the elytra may be split and short, or they may not exhibit any divergence, but they may not reach the end of the abdomen to cover it completely.  In this sense the phenotype resembles she.  Tests of allelism just completed indicate cspl in allelic with aa and it is renamed aa-1.

7. deflected epimera (dep).  Hoy and Sokoloff, 1964.  In the normal beetle the epimera extend medially behind the coxae of the first pair of legs and their tips lie under the sternellum.  In dep the tip of one or both epimera may be delfected, ending somewhat posteriorly from their normal position, some showing only the posterior part of the epimeral tip behind the sternellum, others with a more pronounced deflection, lying completely behind the sternellum.  In a few cases the sternellum lies under one or both epimeral ends.  A shortening of the epimeron as tat observed in sep in T. confusum has not been observed so far.  Autosomal recessive with incomplete penetrance.

Table 2.  Tarsal fusions found in atf in T. castaneum.

	No.
	Males
	Females

	
	Leg 1
	Leg 2
	Leg 3
	Leg 1
	Leg 2
	Leg 3

	
	L
	R
	L
	R
	L
	R
	L
	R
	L
	R
	L
	R

	1
	4-5
	4-5
	4-5
	4-5
	3-4
	3-4
	4-5
	4-5
	4-5
	4-5
	0
	0

	2
	4-5
	4-5
	4-5
	4-5
	2-4
	2-4
	4-5
	0
	0
	4-5
	3-4
	3-4

	3
	4-5
	4-5
	4-5
	4-5
	3-4
	3-4
	4-5
	4-5
	3-5
	3-5
	1-3
	1-3

	4
	4-5
	4-5
	4-5
	4-5
	3-4
	3-4
	4-5
	4-5
	0
	4-5
	2-4
	2-4

	5
	4-5
	4-5
	4-5
	4-5
	3-4
	3-4
	4-5
	4-5
	3-5
	3-5
	3-4
	3-4

	6
	4-5
	4-5
	4-5
	4-5
	2-4
	3-4
	4-5
	4-5
	0
	4-5
	3-4
	3-4

	7
	4-5
	4-5
	4-5
	4-5
	2-3
	2-3
	4-5
	4-5
	4-5
	4-5
	3-4
	3-4

	8
	4-5
	4-5
	4-5
	4-5
	2-4
	3-4
	4-5
	4-5
	3-5
	3-5
	2-4
	2-4

	9
	4-5
	4-5
	4-5
	0
	1-4
	2-4
	4-5
	4-5
	3-5
	3-5
	1-3
	1-4

	10
	4-5
	4-5
	4-5
	4-5
	2-4
	2-4
	4-5
	4-5
	4-5
	4-5
	3-4
	1-3

	11
	3-5
	4-5
	-
	3-5
	1-4
	1-4
	3-5
	3-5
	3-5
	3-5
	1-4
	1-3

	12
	4-5
	4-5
	4-5
	4-5
	3-4
	3-4
	3-5
	3-5
	3-5
	3-5
	2-4
	2-4

	13
	4-5
	4-5
	3-5
	3-5
	1-4
	1-4
	4-5
	4-5
	3-5
	3-5
	2-4
	2-4

	14
	0
	4-5
	4-5
	0
	0
	3-4
	4-5
	4-5
	4-5
	4-5
	2-4
	2-4

	15
	4-5
	4-5
	4-5
	4-5
	2-4
	3-4
	4-5
	4-5
	4-5
	4-5
	2-4
	2-4

	16
	4-5
	4-5
	4-5
	4-5
	2-4
	3-4
	4-5
	4-5
	4-5
	4-5
	2-4
	3-4

	17
	3-5
	4-5
	3-5
	3-5
	1-4
	1-4
	4-5
	4-5
	2-5
	2-5
	2-4
	2-4

	18
	3-5
	3-5
	3-5
	3-5
	2-4
	2-4
	4-5
	4-5
	3-5
	3-5
	3-4
	3-4

	19
	3-5
	3-5
	3-5
	3-5
	2-4
	2-4
	4-5
	4-5
	4-5
	4-5
	3-4
	3-4

	20
	4-5
	4-5
	3-5
	3-5
	2-4
	2-4
	4-5
	4-5
	0
	0
	2-4
	3-4


8. deformed femur (dff).  Hoy and Sokoloff, 1964.  Possibly a phenodeviant found in the descendants (more than three generations) of an irradiated (12 Kr) male x unirradiated female.  The defect can be identified more often in the first pair of legs: the femur is bent toward the head at or near the femoro-trochanteral joint, and somewhat reduced in size.  The femora of the middle pair of legs may also be considerably reduced in size, and in some cases the femur is bent caphalad.

9. deformed podomeres (dpm).  Sokoloff, 1964.  Sex-linked recessive with incomplete penetrance and variable expression found in linkage studies between ser, py and pd.

In strongly expressed phenotypes the femur is nearly globose, the trochanter is missing and the proximal end of the femur is fused to the coxa, but the tibia and tarsi appear not to be affected to any large extent.  In mildly deformed beetles the femur of only one leg, most often the mesothoracic one (less often the femur of the first pair of legs) is short and thick but the remaining legs have normal femora.  Occasionally the tibiae are bent as in btt, and they may, in fact be deformed because of this autosomal gene.  Preliminary counts suggest the position of dpm to the right of pd.  The exact location of dpm will be difficult to establish since penetrance is very low, at least at 370c and 70% R.H.

10. deformed tibia (dft).  Hoy and Sokoloff, 1964.  Spontaneous.  Found in descendants of a strain reconstituted from four highly inbred strains marked with sooty (over 40 generations of brother-sister mating) which did not exhibit this character.  Resembles dfl but tests of allelism have not been performed.  Autosomal recessive of variable expression and incomplete penetrance.

11.  elbowed antenna-1 (elb-1).  Hoy and Sokoloff, 1964.  Spontaneous in a stock of Ds/+; aa/aa.  An autosomal recessive of incomplete penetrance and fairly uniform expression.  The antennae exhibit a retroflexion, with the club directed toward the head, the point of retroflexion in the limited sample so far examined being located at the seventh antennaemere, which is smaller than the preceding segment.  Probably allelic to the now extinct mutant discovered by Dawson and Ho (see TIB 5:15, 1962), and found to be linked with she in linkage group VIII.  (Sokoloff and Dawson, 1963).
12.  elongated elytra (ele).  Sokoloff and Hoy, 1964.  This autosomal recessive mutant was found in two unrelated stocks.  It resembles in every way the ele mutant in T. confusum (see TIB 7:40).  Females with extremely long elytra (extending beyond the posterior end of the abdomen by the equivalent of the length of the posterior segment) often remain unfertilized, probably owing to the fact that the elytra are too long to permit successful copulation.

13. emasculated (em).  Hoy and Sokoloff, 1964.  A male found in the Fta c/+c stock and another male in some crosses between ble+/+ca (in attempts to isolate a ble ca stock), which, upon squeezing, had no apparent aedeagus.  After dissection these beetles proved to have normal testes and accessory glands, but the aedeagus had failed to evert, forming a ball-like sclerotized structure.  So far no attempts have been made to determine the mode of inheritance of em, but by analogy with a similar mutation found in T. confusum (see below), it must be due to a sex-limited autosomal recessive gene.

14. fused antennal segments-3a (fas-3a).  This appears to be a more strongly expressed allele of fas-3.  When first found the fas-3 mutant had only slight abnormalities of the funicle and a diffuse fusion of the club segments (see table in TIB 6:24).  The stock established from the original mutants has retained the original range of expression and the tarsi do not exhibit any fusions.  The expression of the new allele as can be seen from the table below (Table 3) has segments 3-5, and 6-7 of the finicle fused, and in addition segment 8 of the finical may be fused with all of the club segments, or may remain intact, separating fused blocks from the funicle and the club, the latter consisting of fusions of segments 9-10, 10-11 or 8-11.  The tarsus is affected by the fas-3a gene, adjacent tarsomeres becoming fused partially or completely resulting in a podomere consisting of 4, 3 or even 2 tarsomeres, but the total length of the tarsus from casual observations, seems to be as long as the tarsi of corresponding legs in normal beetles.  The fas-3a allele overlaps wild type in dominance.
15. Fused antennal segments-4 (Fas-4).  Sokoloff, 1963.  This mutant resembles fas-1 and fas-2 in having segments 4-5, and/or 5-6 and 9-10 affected.  Indeed, if single individuals are compared, it would be difficult to decide whether they belong to fas-1, fas-2, or fas-4, since there is much overlap in expression.  (Compare tables given in TIB 5, p. 16 and 17 with Table 4).  However, in Fas-4 funicular segments 3-4 and 5-6 are often fused in the same individual, something which rarely happens in fas-1 and fas-2.  Penetrance of Fas-4 is more complete than that of other fas mutants.  Genetically Fas-4 behaves mostly as a dominant, but it overlaps wild type in expression in some crosses.

Table 3.  Fusions found in the antennae of fas-3a in T. castaneum.

	No.
	Males
	Females

	
	Right
	Left
	Right
	Left

	1
	3-5, 6-7
	3-5, 6-7
	3-5, 6-7
	3-5, 6-7

	2
	3-5, 6-7, 10-11
	3-5, 6-7, 8-9
	3-5, 6-7
	3-5, 6-7

	3
	3-5, 6-7, 9-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-9
	3-5, 6-7, 8-11

	4
	3-5, 6-7, 10-11
	3-5, 6-7, 10-11
	3-5, 6-7, 8-9
	3-5, 6-7

	5
	3-5, 6-7, 8-9
	3-5, 6-7, 8-9
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11

	6
	4-5, 6-7, 8-9
	4-5, 6-7
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11

	7
	4-5, 6-7
	4-5, 6-7
	3-5, 6-7
	3-5, 6-7

	8
	3-5, 6-7, 9-11
	3-7, 8-11
	3-5, 6-7
	3-5, 6-7

	9
	3-4, 6-7, 9-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-9, 10-11
	3-5, 6-7, 8-11

	10
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11
	3-5, 6-7
	3-5, 6-7

	11
	3-5
	0
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11

	12
	---
	3-5, 6-7, 8-11
	3-5, 6-7, 8-9
	3-5, 6-7, 8-9

	13
	3-5, 6-7
	3-5, 6-7
	3-5, 6-7, 8-11
	3-7, 8-11

	14
	3-5
	3-5
	3-5, 6-7, 8-9, 10-11
	3-5, 6-7, 8-9

	15
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11
	3-7, 8-11
	3-7, 9-11

	16
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-9, 10-11
	3-5, 6-7

	17
	3-5, 6-7, 8-9, 10-11
	3-5, 6-7, 8-9, 10-11
	3-7, 8-11
	3-7, 8-11

	18
	3-5, 6-7, 8-11
	3-7, 8-11
	3-5, 6-7, 8-9
	3-5, 6-7

	19
	3-5, 6-7, 9-10
	3-5, 6-7, 8-9, 10-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11

	20
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11
	3-5, 6-7
	3-5, 6-7, 8-9


Table 4.  Antennal fusions found in a sample of Fas-4 in T. castaneum
	Males
	Females

	Right
	Left
	Right
	Left

	3-4, 5-6
	3-4, 5-6
	4-5
	4-5

	4-5
	4-6
	4-5
	4-5

	4-6
	4-6
	4-5
	4-5

	3-4, 5-6, 9-10
	3-4, 5-6
	4-5
	4-5

	3-4
	3-4, 5-6
	4-5
	5-6

	3-4, 9-10
	3-4, 9-10
	4-5
	5-6

	3-4, 9-10
	3-4
	5-6
	5-6, 9-10

	3-4
	3-4
	4-6, 9-10
	5-6, 9-10

	3-4, 9-10
	3-4, 5-6
	5-6, 9-10
	5-6, 9-10

	3-4, 5-6
	3-4, 5-6
	5-6
	5-6

	4-5
	4-5
	4-5, 9-10
	5-6, 9-10

	3-4, 9-10
	3-4, 9-10
	4-6, 9-10
	4-6

	3-4, 5-6, 9-10
	3-4, 5-6, 9-10
	5-6, 9-10
	5-6

	3-4, 9-10
	3-4, 9-10
	4-6
	5-6, 9-10

	3-4, 5-6
	3-4, 5-6
	4-6, 9-10
	4-6

	3-4
	3-4, 5-6
	4-6, 9-10
	4-6

	5-6, 9-10
	5-6, 9-10
	4-6
	4-6

	3-4, 5-6
	3-4, 5-6
	4-5, 9-10
	4-6, 9-10

	3-4, 5-6, 9-10
	3-4, 5-6, 9-10
	4-6
	4-6

	3-4, 9-10
	4-6
	4-6, 9-10
	4-5

	3-4, 5-6
	3-4, 5-6
	4-6
	4-6

	3-4, 9-10
	3-4, 9-10
	3-4, 9-10
	3-4, 9-10

	3-4, 5-6, 9-10
	3-4, 5-6, 9-10
	3-4, 5-6, 9-10
	3-4, 5-6, 9-10

	3-4, 5-6, 9-10
	3-4, 5-6, 9-10
	5-6
	5-6

	3-4, 5-6, 9-10
	3-4, 5-6, 9-10
	4-6, 9-10
	4-5


16.  Fused antennal segments-5 (Fas-5).  Sokoloff, 1963.  Autosomal dominant with some overlap with wild type.  This mutant resembles fas-1 and fas-2 and fas-3 in that segments 4-5, 5-6, 6-7 may be affected.  It differs, as shown in the accompanying table (Table 5) in that several consecutive segments (3-8 or 6-8, for example) may be fused.  In addition, pleiotropic effects of this gene can be observed in the tarsi: adjacent segments become fused, and the distal tarsus is greatly swollen.  Fas-5 is not allelic with fas-2, fas-2, fas-3, Fas-4 or fas-6.

17. fused antennal segments-6 (fas-6).  Sokoloff, 1963.  This autosomal recessive mutant was found in the course of testing linkage relationships of antennapedia (apD).  It is unusual in that the number of antennameres exceeds the normal number of 11 in some individuals as can be seen in Table 6.  The antennae of these individuals are greatly modified, forming a club-like structure which results from the fusion of segments 8-11 or 9-12.  In many of these individuals there is evidence of claw-like structures at the tip of the antennae which are evidently produced by the apD gene.  This mutant differs from apD in that the antennae are not leg-like, the metathorax is not shortened, and the distal segments of the tarsus are completely separated, which is not true for the apD mutant.  The fas-6 gene is not allelic with fas-1, fas-2, fas-3, Fas-4, Fas-5, but it has been found to be allelic with apD; hence it is renamed apS.
18. incomplete metathoracic projections (imp).  Sokoloff, 1963.  Spontaneous in crosses attempting to establish the position of the sex linked Mr.  An autosomal recessive of poor penetrance and variable expression characterized by the elimination or displacement of the posterior processes of the metasternum, which normally form an inverted V to accommodate the median sterna projection of the first apparent abdominal segment.  In addition, the median groove is deflected to one side, and the metasternum acquires a protuberant appearance.
19. jagged antecoxal piece (jac).  Hoy and Sokoloff, 1964.  Derived from a population traceable to an irradiated (6000 Kr) male mated with an unirradiated female (but more than three generations had elapsed before it was detected).  In normal beetles the antecoxal piece is a band-like area delineated by the anterior transverse grooves (which extend from the median groove laterally almost to the junction between the metasternum and the pleural sclerite), and the rear metasternal margins which assume a smooth curvilinear appearance.  In jac either the portion including only the transverse groove, or this portion and the antecoxal piece are drawn anteriorly, forming a triangle with the anterior edge of the hind coxae.  This mutation is not the same as scar (sc) since, in the latter, part of the exoskeleton anterior to the transverse groove is scar-like and triangular in shape.  Some jac beetles exhibit a hole between the antecoxal piece and the transverse groove.  Preliminary crosses suggest a recessive mode of inheritance
Table 5.  Antennal fusions found in a sample of Fas-5 in T. castaneum

	Males
	Females

	Right
	Left
	Right
	Left

	6-8
	4-5, 6-7
	4-5, 6-8
	4-5, 6-8, 10-11

	4-5, 6-8
	4-5, 6-7
	6-8
	4-5, 7-8

	4-5, 6-7
	4-5, 7-8
	4-5, 6-8
	4-5, 7-8

	4-5
	4-5
	4-5
	4-5

	5-6, 7-8
	4-5, 7-8
	3-4, 5-6, 7-8
	3-4, 5-6, 7-8

	4-5, 7-8
	4-5, 7-8
	4-5
	4-5

	6-8
	5-8
	4-5, 6-8
	4-5, 7-8

	4-5
	4-5, 7-8
	4-5
	0

	4-5, 7-8, 9-10
	4-5, 6-8
	4-6
	4-5

	4-5, 7-8
	4-5, 7-8
	4-5, 6-7
	4-5, 7-8

	4-5, 7-8
	4-5, 6-8
	4-5, 6-8
	4-5, 7-8

	4-5
	4-5
	4-5
	4-5

	4-5, 7-8, 10-11
	4-5, 7-8
	4-5
	4-5

	5-6
	4-5
	4-5, 6-8
	4-5, 6-8, 9-10

	3-8
	3-6, 7-8, 
	4-5, 6-8
	4-5, 6-8

	4-5, 6-7
	4-5, 6-7
	4-5, 7-8
	4-5, 6-8

	4-5, 6-8
	4-5, 6-8
	4-5
	4-5

	3-8
	4-5, 6-8
	4-5, 6-8
	4-5, 6-8

	4-5
	4-5
	3-8
	4-8

	0
	4-5
	4-5, 6-8
	4-5, 6-8

	4-5
	4-5
	4-5, 6-8
	4-5, 6-8

	4-5, 6-8
	4-5, 6-8
	4-5, 6-8
	4-5, 6-8

	4-5, 7-8
	4-5, 6-7
	4-5, 7-8
	4-5

	4-5, 6-7
	4-5, 6-8
	4-5, 6-8
	4-5, 6-8

	4-5, 6-7
	4-5, 6-7
	5-6
	5-6


Table 6.  Antennal fusions and numbers of segments found in a

sample of fas-6 (apS) in T. castaneum

(“c” denotes that the distal segments had claw-like bristles)

	Males
	Females

	Right
	Left
	Right
	Left

	4-5, 6-11c
	7-8, 9-11c
	8-11c
	8-11c

	6-8, 9-11
	9-11
	4-5, 8-11c
	8-11c

	6-8, 9-12
	4-5, 9-11
	6-7, 8-11c
	8-11c

	4-5, 6-8, 9-12
	4-5, 7-11c
	4-5, 8-11c
	7-8, 9-11c

	4-5, 8-10c
	6-7, 8-11c
	7-8
	0

	9-10
	9-11
	9-10
	9-10

	7-8, 9-11c
	4-5, 7-8, 9-11c
	4-5, 8-11
	7-8, 9-11

	9-10
	10-11
	5-6, 8-11c
	5-6, 8-11c

	9-11c
	9-11
	7-8, 9-11c
	7-8, 9-11c

	7-8, 9-12
	7-8, 9-12
	7-8, 9-12c
	9-11

	7-8, 10-11c
	7-8, 9-11
	7-8, 9-11
	6-8, 9-11c

	7-8, 9-11
	7-8, 9-11
	4-5, 7-8, 9-10
	4-5, 6-7, 8-11

	7-8, 9-12
	7-8, 9-12
	0
	9-10

	0
	7-8
	7-8, 9-12
	4-5, 7-8, 9-13

	0
	10-11
	0
	7-8

	4-5, 7-8, 9-10
	7-8, 9-11
	7-8, 10-11
	7-8, 9-12

	7-8, 9-10, 11-12, 13
	4-5
	7-8, 9-11
	4-5, 7-8, 9-13

	5-6, 9-10
	7-8
	4-5, 7-8c
	7-8, 9-10

	9-10c
	4-5, 9-10c
	7-8, 9-10
	7-8, 9-11

	4-5, 6-11c
	4-5, 7-11c
	7-8, 9-11c
	7-8, 9-11c

	4-5, 7-8, 9-11c
	4-5, 7-8, 9-11c
	7-8, 9-10
	8-9, 10-11c

	4-5, 7-8, 9-12c
	4-7, 8-10c
	3-4, 9-11
	3-4, 6-7, 8-10, 11-12

	4-5, 8-11, 12
	6-7, 8-10, 11c
	7-8
	0

	4-5, 7-8, 9-11c
	4-5, 8-11
	4-5, 6-8, 9-11
	4-5, 6-8, 9-11

	4-5, 8-11c
	4-5, 7-8, 9-10c
	7-8, 10-12c
	7-8, 11-12

	0
	9-11
	4-5, 7-8, 9-11c
	4-5, 9-11c

	7-8, 9-11
	0
	9-10
	7-8, 10-11

	4-5, 6-8, 9-10c
	4-5, 6-8, 9-10c
	
	

	6-7, 8-11c
	6-7, 8-11
	
	

	4-5, 7-8, 9-10c
	4-5, 7-8, 9-11c
	
	


20.  looped median groove (lmg).  Hoy and Sokoloff, 1964.  Spontaneous in derivatives of a sample of scar provided by A.E. Bell.  The median groove in normal beetles is a shallow line extending anteriorly from the posterior end of the metasternum and terminating approximately three-fifths of the way between the third and second pair of legs.  The remaining two-fifths, representing the basisternum, are not grooved.  Anteriorly, the single medial metasternal process is fused with, and covers the mesospinasternum, a posteriorly bifurcated structure which is normally not observable because of this fusion.  In weekly expressed lmg beetles, the median groove forms a tiny oval-shaped loop (antero-posteriorly oriented) at about the same position where umb forms its hemispherical depression. This loop is larger in strong expression of the character; it may be located more anteriorly and is very shiny, suggesting a delayed sclerotization of this part.  Midway along the loop there may arise some secondary, short, transverse branches perpendicular to the long axis of the median groove.  Furthermore, the median groove may extend to the anterior border of the metasternum splitting the medial process into two components and uncovering the two prongs of the mesospinasternum.
21. megalothorax (mgt).  Sokoloff and Hoy, 1964.  Found in a stock of Be s/+s.  Characterized by having a prothorax greatly expanded and tumor-like, usually on one side of the body.  In a few cases the prothorax may exhibit a variable reduction of some of its parts resembling ptl.  The forelegs, however, have never been observed to be affected as in ptl.  Another difference lies in the fact that mgt sometimes produces a wing-bud-like appendage on the affected (enlarged) side, in a manner similar to that produced by apt.  Since viability of mgt is low and penetrance incomplete, tests of allelism between mgt and ptl or apt have not been attempted.

22. melanotic stink glands (msg).  Sokoloff and Hoy, 1964.  In normal Tribolium there are two pairs of odoriferous or stink glads, one pair in the prothorax and the other in the abdomen.  These glands are connected with reservoirs which are filled with a volatile liquid which is yellowish in yound beetles but dark reddish brown in old beetles.  In msg the reservoirs in beetles one or two weeks old become visible through the exoskeleton owing to a change in the composition of the substances contained in the reservoirs.  These substances form a solid black mass which may assume the shape of the reservoir or may break up into several components, some appearing dot-like.  As in T. confusum the contents in the prothoracic reservoirs undergo the chemical changes earlier than the abdominal reservoirs.  Hence the phenotype of the prothorax is more reliable for identification of msg than the phenotype of the abdomen.  Autosomal recessive with incomplete penetrance.  Preliminary tests suggest this gene is located in linkage group III.

23. missing abdominal sternites (mas).  Hoy and Sokoloff, 1964.  A recessive of good penetrance, expressivity and viability.  Cursory examination of the mutant reveals only four instead of five apparent abdominal segments, with a considerable, unsclerotized area in front of the apparent second abdominal segment, and only a slight displacement forward of the whole abdomen leaving but a tiny gap between the elytral edges and the lateral margins of the abdomen.  Dissection of the beetles reveals that abdominal segments I and II, normally feebly sclerotized structures located dorsal to the coxae, are completely gone.  The third abdominal segment is present but greatly reduced and only feebly sclerotized.  The median anterior process of this segment is practically the only thing that indentifies it from the apparent second segment at the midline.  Lateral to the median process the segment forms some pocket-like recesses which resemble the recesses into which the hind coxae fit, but they are only about one-fourth as wide as the second apparent abdominal segment.  The character is not recognizable in the pupa because the elytra cover this area.  It is not known at this writing whether the mutant can be recognized in the larval stage.

24. pectinate antenna (pec).  Hoy and Sokoloff, 1964.  Spontaneous in selection vials involving ptl, ap and sq.  Fusions of this incompletely recessive mutant are primarily confined to the funicle and club, although rarely the scape may also be fused to other distal segments.  One of the expressions of pec is complete fusion of several atennameres on one side, but partial segmentation on the other side of the antenna, producing a structure remotely resembling the teeth of a comb.  The antennameres of the funicle and club may be greatly swollen.  The distribution of fusions in the original sample of beetles is as shown in Table 7 below.  Since this mutant was just discovered, tests of allelism between pec and the various mutants described under the general name of fused antennal segments (fas-1 to fas-6) have not been carried out, but the phenotype of these beetles is so different that it is probably a distinct gene.
25. reduced tibia (rt).  Sokoloff and Hofer, 1964.  Found in same population as akimbo.  The tibia may be completely missing with the tarsi originating from the femur, or it may be present in reduced form: sometimes it is a short, curved tibia, in other cases it is hemispherical in shape; in still others the tibia is drawn into a very slender, almost filamentous shape connecting the tarsus and femur.  If so, the legs may break off shortly after eclosion.  The tarsus is generally complete, but sometimes the first segment is firmly fused with the tibia.  Sometimes the lateral surface of the tibia is extended posteriorly into a hook-like structure more or less paralleling the femur, and in some individuals the tarsal spurs develop more proximally on the tibia than normal.  Preliminary crosses suggest a recessive mode of inheritance.  Tests of allelism just completed suggest this mutant is allelic with dfl, but since it has stronger expression it is renamed dfl-1
Table 7.  Fusions found in the antennae of pec in T. castaneum

	No.
	Males
	Females

	
	Right 
	Left
	Right
	Left

	1
	4-5
	4-5
	4-5
	4-5

	2
	9-10
	7-10
	5-6, 7-8
	4-7, 8-9

	3
	5-6
	5-6, 7-8
	4-5
	3-5, 7-8

	4
	2-7
	2-8
	3-4
	4-5, 6-7

	5
	0
	4-5
	4-6
	4-6, 7-8

	6
	4-7, 6-7
	4-5
	3-5, 6-7
	3-8

	7
	0
	4-5
	4-6
	4-6

	8
	3-7
	3-6
	4-5, 7-8
	4-5, 7-8

	9
	4-5, 6-7
	5-6
	3-4, 5-6, 7-8, 

9-10
	3-6, 7-8

	10
	0
	9-10
	3-6, 7-8, 9-10
	4-5, 7-8, 9-10

	11
	4-5, 6-10
	5-6, 8-10
	4-5
	4-5

	12
	4-5
	0
	2-5
	2-5

	13
	3-4, 5-6
	5-6
	4-7
	4-8

	14
	7-8
	7-8
	
	

	15
	7-8, 10-11
	9-10
	
	


26. rough (ro).  Hoy and Sokoloff, 1964.  This recessive mutant was found in a vial selecting for an abnormal condition affecting the spinasterna (which proved not to have any genetic basis).  It is characterized by the appearance of a sizable uni- or bilateral blister in the elytral buds of the pupa, which interferes with normal eclosion of a large number of imagoes resulting in their death.  Individuals not exhibiting a blister in the pupa may develop one in the adult, or the elytra may have a roughened appearance.  The phenotype of ro in this species resembles in every way the ro mutant in T. confusum.

27. sleek (slk).  Sokoloff and Hofer, 1964.  This mutant appeared spontaneously in crosses attempting to establish linkage between bal, lod and p.  Two female imagoes were produced from a single pair mating and they died without leaving progeny.  Hence, the mode of inheritance has not been established.  However, the two females had identical appearance so that there is no doubt that the following abnormalities, modifying some major taxonomic characters, had genetic basis:
a.  Antennae:  first and second basal segments not fused but somewhat reduced in size; segments 3-8 of the funicle and 9-11 of the club fused into a continuous paddle-like structure exhibiting no segmentation.

b.  Head rounded and somewhat reduced in size.

c. Prothorax also rounded, with the antero-lateral extensions missing, and more convex dorsally.  Ventrally the epimeron (E), trochantin (T), and the medial extension of the episternum between E and T were missing so that the coxae of the first pair of legs were exposed, i.e., they were “open behind” in taxonomic terms.  The sternellum was reduced in size.

d. Mesosternum reduced in size and the sternellum short and pointed, failing to separate the middle coxae.

e. Metasternum without median anterior projections and with the median groove missing.  The hind coxae incomplete, with a circular opening showing the proximal end of the femur lying within.

f. Elytra and membranous wings abbreviated, reaching only the posterior edge of the first abdominal segment.

g. Medial anterior projection of the first apparent abdominal segment missing or vestigial.  The remaining abdominal segments were separated by a wide membranous (unsclerotized) area.

h. The last apparent abdominal segment was considerably reduced in size and less rounded.

i. Proximal podomeres normal, but the tarsus conforms to the formula 4-4-3, with partial or complete segmentation visible between all adjacent remaining tarsomeres.

28. Spatulate antenna (Spa).  Sokoloff and Hoy, 1964.  Spontaneous in attempts to select a ju ct; c ca stock.  Preliminary crosses suggest it is an autosomal dominant with recessive lethal effects.  The phenotype of this mutant is different from that produced by Df, Fta, and Sa (including its dominant, semidominant or incompletely recessive alleles).  As shown in Table 8, the 10 males and 10 females scored exhibit fusions in the funicle and/or the club.  In addition, the fused club may resemble a small scoop or spatula.  Both antennae must be examined since penetrance appears to be unequal in the two sides of the body.  Badly deformed Spa may be identified in the pupa.  Crosses between Spa and Be result in the manifestation of a dominant lethal of the type produced by Fta and Sa (i.e., Spa Be fail to show up in the F1 of Spa x Be crosses), suggesting Spa is on the Be linkage group.

Table 8. Antennal fusions found in a sample of Spa in T. castaneum

	No.
	Males
	Females

	
	Right
	Left
	Right
	Left

	1
	5-6, 10-11
	6-8, 9-10
	4-5, 6-8, 9-11
	4-11

	2
	7-8, 9-11
	9-11
	7-8, 9-11
	10-11

	3
	3-8, 9-11
	5-8, 9-10
	9-11
	5-8, 9-11

	4
	10-11
	6-8, 9-11
	5-6, 9-11
	4-8, 9-11

	5
	6-8, 9-11
	9-11
	7-8, 9-11
	5-6, 7-8, 9-11

	6
	10-11
	0
	5-6, 10-11
	5-6, 10-11

	7
	6-7, 10-11
	10-11
	7-11
	6-9

	8
	6-8, 9-11
	9-11
	3-4, 6-8, 9-11
	7-8, 10-11

	9
	10-11
	10-11
	5-8, 9-11
	5-6, 9-11

	10
	4-8, 9-11
	5-8, 9-11
	0
	4-8, 10-11


29. split, curved elytra (spce).  Sokoloff and Rodriguez, 1963.  Resembles cye, or cspl, in having the elytra and membranous wings drawn away from the tarsi in the pupa.  In the adult the elytra are split and/or short.  Tests of allelism have been set up, but there are too many gaps to be sure whether this mutant is new or allelic to others.

30. tiny (originally symbolized ti by Sokoloff and Shrode, 1962, is herewith changed to ty since Shideler, unaware of the fact that this symbol had been preempted has used it to symbolyze tarsal incomplete).  Apart from the sex-linked py gene which reduces the size of the beetle without deforming it, often, in single-pair matings of sibs, there appear beetles strinkingly reduced in size and almost as small as py.  The number of these individuals varies.  When these small beetles are mated inter-se, tiny individuals, if they appear at all, are produced only in very small numbers, the size of the remaining individuals appearing to be distributed over a wide range, indicating a very large number of factors controlling body size.  Since the determination of the number of genes involved would require weighing carefully pedigreed beetles for several generations this study has not been attempted.  It may be noted, however, that Bray, et al (1961), in their selection experiments for pupal weight obtained very good symmetrical response in increase and decrease in body weight for eight generations.  The shape of the curves they obtained indicate the presence of a very large number of genes controlling body size, but their estimate of the numbers involved, to the writers’ knowledge, has not been published.

31. troll (tro).  Hoy and Sokoloff, 1964.  Eight pupae of both sexes of tro have been isolated, suggesting an autosomal mode of inheritance.  The adults emerging from the pupae resemble the sex-linked ma in every respect except that the tarsi of all the legs are reduced in number by one or two tarsomeres.  Viability is greatly reduced.  It is not possible to state at present whether the gene is lethal or semilethal.

32. umbilicus (umb).  Hoy and Sokoloff, 1964.  A spontaneous autosomal recessive found in a stock of scar (sc-1), characterized by a roughly hemispherical depression on the median groove of the metathorax, about one-third of the distance between the third and second pair of legs.  The depression may vary in size from barely wider than the groove to one of considerable size.  It may be absent altogether in beetles known to be umb/umb indicating incomplete penetrance.  Tests of allelism between umb and dent (dt, Eddleman and Hudson, 1962) or dented (d, Ganguly, 1964), which from the descriptions in TIB appear to be similar in phenotype, have not been performed, since the latter two mutants have not been released.
T. Confusum
1. bent femur (btf)  Hoy and Sokoloff, 1964.  Found while selecting for a pure stock of e stet.  About 30 individuals of both sexes were found with very strong expression of bent tibia (btt).  The btf differs from btt in having, in addition, a deformed femur.  The deformed femur can occur in any pair of legs, but it is abnormal only in those legs exhibiting a strong expression of the bent tibia phenotype.  The deformity consists in having the proximal third of the femur somewhat narrower than the rest, and at this point the femur is sharply bent, producing an angle of approximately 1350 between the two parts of the femur.  Tests of allelilsm with btt have not been performed.

2. black-3 (b-3).  Sokoloff and Slater, 1964.  Spontaneous in a stock originally derived from Park’s Chicago wild type strain.  Autosomal recessive.  Tests of allelism with McGill black indicate McGb and b-3 are allelic.  An interesting feature is that b-3 X McGb give black.  Another point of interest is that the b-3 allele is considerably smaller than either the McGb or the wild type laboratory strains.

3. blade elytra (bld).  Sokoloff and Hofer, 1964.  In a single pair mating possibly involving em (q.v.) 11 males and 8 female pupae were isolated because they appeared to be similar to pointed elytra in T. castaneum.  Seven pupae became imagoes but died without leaving progeny.  They had the following defects:

a.  Elytra divergent, sometimes starting at the scutellum, sometimes farther back, and somewhat narrower but as long as the normal elytra.

b. The distal fourth of the elytra are gradually reduced in width terminating in a sharp point, or the tips may be narrow but not pointed and slightly curving toward the midline, or distal fourth may be almost normal but depressed toward the abdomen; or the tips of the elytra may be blistered and pointed away from the abdomen.

c. The legs beyond the tibia-femoral joint may be missing, but this may have been due to a quinone effect.  Other deformities not attributable to quinines were present: the epimera were shorter than normal, failing to extend under, and to fuse with, the prosternum, or could be altogether wanting.  In extreme form the abnormality is increased to the point that the epimeron (E), and the trochantin (T) and that part of the episternum separating E and T are missing, so that the front coxae are open behind and may be completely uncovered.  The sternellum of the mesosternum may be narrowly or widely separated from the anterior medial projection of the metasternum in a manner similar to the condition produced by ims in T. castaneum.
4. crumpled (cru).  Hoy and Sokoloff, 1964.  A sex-linked recessive, characterized by the possession of split, drooping elytra, somewhat reduced in size in the adult so that the posterior tips cover only part of the posterior abdominal segment.  The dorsal surface of one or both elytra my present a roughened, sometimes wavy appearance.  In addition many of the beetles exhibit a huge blister in the proximal portions of the elytra.  Detectable in the pupa either by the fact that the elytra do not reach the tips of the hind tarsi, or by the presence of a blister.  The latter pupae resemble akimbo in T. castaneum or thu, a thuS in T. confusum.  Since the mutant was just discovered, information on penetrance or viability is not available.
5. deflected epimera (dep).  Hoy and Sokoloff, 1964.  In the normal beetle the epimera extend medially behind the coxae of the first pair of legs and the tips lie under the sternellum.  In dep the tip of one or both epimera may be deflected, ending somewhat posteriorly from their normal position, some with only part of the epimeral tip showing behind the sternellum, others with a more pronounced delfection so the end of epimeron lies completely behind the sternellum.  In other cases the sternellum lies under one or both of the epimeral ends.

6. emasculated (em).  Sokoloff and Hoy, 1964.  Was found in several linkage test-crosses:  In the F2 of +/e; +/umb; +/p mated inter-se, five males were found which, on squeezing, appeared to have no aedeagi.  A number of males with no apparent aedeagi was found in some backcrosses of F1 of the cross p/p; umb/umb; ems/ems; cas/cas; sti/sti (imp?) males which also had short epimera (sep, q. v.) X +/+ ♂♂ back to the P1; and finally one male was found in the F2 of crosses between e and b.  The em males, superficially examined, resemble normal males in the possession of normal basal pits with associated hairs on the femura of the first and second pairs of legs (the latter being less pronounced), but no aedeagi are extrudable when gentle pressure is applied to the abdomen.  Dissection of these beetles reveals normal internal reproductive organs (testes and associated glands and structures) connected to a ball-like sclerotized structure, sometimes connected to a small projection which may be an incipient aedeagus, located entirely within apparent abdominal segment III, or over the suture separating apparent segments III and IV.  Matings of these beetles, which survive for a long time, are apparently sterile because they are incapable of transferring their sperm.  It is possible that em/em males may form short aedeagi, but more work is needed to clarify this point.  The results of various crosses seem to indicate that em is an autosomal recessive sex-limited gene of variable expression.  Preliminary crosses fail to establish linkage between em, p and rus.
7. frosted (fro).  Hoy and Sokoloff, 1964.  An autosomal recessive mutation not allelic to pearl but which nevertheless resembles the phenotype of this mutation.

8. incomplete metathoracic projections (imp).  Sokoloff and Hoy, 1964.  Spontaneous in a stock bearing p and possibly umb and sc.  The posterior metathoracic processes, which normally produce an inverted V to accommodate the median anterior process of the first apparent abdominal segment, is missing.  In some individuals the median groove is deflected, usually to the right and the metasternum may appear protuberant.  Penetrance poor.
9. Knobby prothorax (knp).  Sokoloff and Hoy, 1964.  An autosomal recessive homeotic mutation found in a b rus (sp) selection creamer.  In the pupa the posterior lateral corners of the prothorax are extended into a growth resembling the elytral and membranous buds of certain vestigial mutations.  As the pupa ages, this bud may become filled with fluid and in certain cases the bud may subsequently necrotize, falling off at metamorphosis.  If the tissue does not necrotize, the posterior angles of the prothorax are drawn into knob-like structures, sclerotizing normally.  No linkage information.  Preliminary crosses suggest viability of knp is low.

10. medial abdominal groove (mag). Sokoloff and Hoy, 1964.  Two mag males and one female were found in the F2 males derived from the St stock being tested to see whether a bleached condition of the elytral tips of a male was heritable.  (It was not.)  Autosomal recessive of variable expression and incomplete penetrance (only about 20 per cent of the beetles will exhibit the character in the progeny of mag x mag matings).  The mutant is characterized by the presence of a shallow medial depression in the last two abdominal segments, visible when the light reflects at a certain angle from the sternites.  In weekly expressed mutants only the penultimate segment will show a shallow depression.  So far as is known this character cannot be observed in the pupa.

11. nude (nd).  Hoy and Sokoloff, 1964.  Spontaneous in crosses attempting to establish the mode of inheritance of em.  One male and two female pupae were found with distal ends of the elytra folded under as in the T. castaneum te.  The male imago had one elytron bent, and the other appeared folded under, but it had a huge blister.  The F1 were normal; the F2 exhibited a wide range of elytral abnormalities: in some pupae the elytral and membranous wing buds were greatly reduced, and the elytra tucked between the prothorax and the first two pairs of legs.  The third pair of legs was exposed.  These extremely deformed pupae failed to eclose.  Among the F2 imagoes were large numbers of beetles bearing fairly normal-sized elytra and membranous wings but variously split.  At this writing it is known that the character is heritable, but the mode of inheritance is to be determined.
12. prothoraxless-like (ptll).  Sokoloff and Daly, 1964.  20 ptll male specimens, progeny of a single female, were recently found.  Their phenotype is similar to ptl in the T. castaneum in the following ways:

In the most weekly expressed beetles the prothorax is symmetrical and reduced by about one-fifth (along the longitudinal axis of the body), the reduction appearing to take place in the posterior part of the prothorax.  In more strongly affected beetles the pronotum from the left or right side of the body is missing, the remaining portion acquiring a triangular shape.  In an attempt to cover both halves of the prothorax, this triangular piece may be slightly modified in direction.  On the ventral portion of the prothorax the pro- and basisternum may be considerably reduced in size and deformed, but the posterior portion of the basisternum and the sternellum generally are unaffected.  The legs may be deformed, the deformity resembling that in the T. castaneum ptl heterozygotes, but so far a reduction of the forelegs to the extent that they become vestigial has not been observed, perhaps because ptll/ptll beetles are not yet available.
The ptll mutant differs from the ptl in that the labium in the latter is not affected, but in ptll the labium appears considerably reduced in size, and oriented ventrally.  The labial palps are three segmented but likewise reduced in size.  In one specimen the gular region was found fused with the prothorax.  In mildly deformed beetles the head retains the normal orientation of the head characteristic of prognathous beetles, although the head may appear broader than normal, and the head may be twisted at an angle.  In strongly expressed ptll, where the prothorax is badly deformed, the prothorax is oriented dorsally at an angle of about 450 from the body and the head appears at a higher level than, but parallel to, the long axis of the body.

The mutant is readily recognizable in the larva or the pupa by deformities in the prothorax. Imagoes have no trouble eclosing from the pupa, but the majority survive only briefly after becoming imagoes, probably because they are unable to feed.

13. separated epimera (sep).  Sokoloff and Hoy, 1964.  Spontaneous preliminary crosses suggest the gene is an autosomal semidominant with variable expression and probably incomplete penetrance.  In the normal beetle the basisternum continues posteriorly between the coxae of the first pair of legs as the sternellum of the prothorax, to cover the tips of the epimera, thus the coxal cavities become closed.  In sep the epimera are variously short: in the extreme case they fail to reach the sternellum by almost the equivalent of the width this structure, the coxal cavities becoming open.  The shortening of the epimera may not be symmetrical, more unsclerotized tissue showing to the left (or right) of the sternellum than on the other side.  In the mildly expressed classifiable beetles the tips of both epimera almost reach the sternellum.  Selection for stronger expression of this gene is being attemped.  No linkage information.

14. tiny (ty).  Sokoloff, 1961.  Small-sized beetles have often appeared in small numbers in various crosses in T. confusum, some approaching the size of pygmy (py) in T. castaneum.  Because such a mutation would be very useful in mapping sex-linked genes, considerable time and effort has been spent in determining whether these small beetles result from the action of a single sex-linked recessive or semidominant gene.  The efforts have proved fruitless, and the reduction in size has been attributed to the action of a larger number of multiple factors controlling body size, grouped under the same designation as ty in T. castaneum (see above).
* REPORT OF M. T. M. STANLEY

Tribolium confusum
1. creased abdominal sternites (cas-1).  Stanley, 1963.  Found in Park wild type stock.  Identical in appearance to cas Sokoloff, 1963 (Sokoloff, personal communication).  It shows good viability and variable expressivity.  It apparently is incompletely penetrant since with rigorous selection the trait appeared in no more than 70% of the offspring.  Attempts to derive stocks free from this gene from the wild type were unsuccessful.
TESTS OF ALLELISM

Tribolium confusum
1. The thu and rsp mutants described in TIB 7 are allelic, and have been redesignated thu and thuS.

P. S. Dawson

Some mutants described in the New Mutant section have proved to be allelic to others previously described.  This information has been included in the description of these mutants (see for example fas-3a, and dt in T. castaneum, and b-3 in T. confusum.  (Ed.)

NOTES – RESEARCH

BERCK, B.

Canada Department of Agriculture

Research Section

Winnipeg, Manitoba, Canada

Use of T. confusum Duv. to aid assessment of “chromatographic” properties of wheat

towards fumigant gases.

The differential sorption shown by wheat stored in country elevator annexes towards the components of fumigant mixtures1 was further investigated in grain column experiments.  Methyl bromide, ethylene dibromide and carbon tetrachloride (MB, EDB and CT) were applied singly and in admixture to the surface of 5-foot columns of wheat of 15.8% moisture content.2 EDB applied singly was strongly sorbed at the surface of the column.  MB diffused downward more rapidly and in greater concentrations.  Addition of CT caused considerably greater amounts of EDB and MB to penetrate to the bottoms of the wheat columns.  The fumigant concentrations found through-out the columns were in general agreement with mortalities of adults of Tribolium confusum Duv.  That EDB + CT was more effective than EDB + MB as an insecticide at lower levels of the wheat column is explained partly by the improved downward distribution and persistence of EDB when CT was present.  Behaviour of wheat as a chromatographic column towards fumigant mixtures applied in the vapor phase was also demonstrated in a subsequent investigation.3
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BERCK, B.

Canada Department of Agriculture

Research Station

Winnipeg, Manitoba, Canada

Ineffectiveness of 10% CO2 in air in the control of Tribolium confusum Duv.

Experimental varieties of cereal seed stored in burlap bags in a concrete storage vault at this Station suffered substantial damage by a resident infestation of mice.  The author recommended increasing the CO2 content of the vault atmosphere as a rodenticide, since fumigation with conventional fumigants at the prevailing low temperature (-180F. outside) would result in increased sorption of fumigant by the seed, with possible detrimental changes in germination and other qualitative properties.


Compressed CO2 was released into the vault1 through openings made in one of the vault doors, and through which gas sampling lines and power lines for electric fans were placed.  Cages of mice and of adults of T. confusum Duv. were placed beforehand at various locations in the vault.  Mean gas concentrations of approximately 10% CO2 v/v in the vault air were attained.  The vault was unsealed at 18 hours after application.  All mice, including the native population, were dead. No mortality was observed among the Tribolium adults used, up to 7 days after their transfer from the cages into fresh flour.
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BERCK, B.
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Ability of T. confusum adults to Survive on potassium hydroxide pellets

For pilot tests of the biological effectiveness of various fumigants and fumigant mixtures, a culture of T. confusum in flour was maintained in our fumigant chemistry laboratory.  Some adult insects had escaped, and had infested paper bag samples of bran and shorts respectively that were temporarily stored in a carton located near a 25-lb. slide-top carton of KOH pellets that was closed but that had been unsealed previously.  The pellets were enclosed in a polyethylene bag tied with a plastic tie, and had not been used for several months.


During a laboratory clean-up and discard of surplus samples, it was observed that T. confusum adults travelled quite freely into and from the carton of pellets.  On removing the carton top, some 500 adults were seen within the polyethylene bag, moving quite normally on the surface of the pellets.  About 50 insects were dead.  The adults were extra glossy and dark in color, and a large area of the upper layer of pellets was discolored with a light brown coloration.  The “culture” was kept under observation for 7 days, after which the carton was sealed up with masking tape, whereupon the culture died.  In a simulated experiment, KOH pellets enclosed in a loosely tied polyethylene bag were placed in the dark in a wide-mouth jar that contained a 1-inch layer of flour infested with T. confusum adults.  Observations made three days later showed that the insects had migrated into the bag.  Adults previously fed on flour survived for 5 days on “dry” KOH pellets in a polyethylene bag that was stored in a jar without flour.

BOYLAN, W.J. AND W.C. WONG

Department of Animal Science

University of Manitoba,

Winnipeg, Canada

Heterosis and maternal effect in Tribolium castaneum*

Two inbread lines of Tribolium castaneum were crossed and heterosis observed.  The lines had been produced by full-sib matings for 34 and 37 generations respectively.  Heterosis was measured as the difference between the F1 means (reciprocals) and the mid-parent value and expressed as a percentage of the mid-parent value.


The amount of heterosis for body weight (first-day pupal weight) was low, 5.0% and 3.7% for males and females, respectively.  In contrast egg production measured 14 days post pupation for 48 hours exhibited a large amount of heterosis (279.3%).


Both weight of pupae differed significantly (P < 0.01) in F1 males in the reciprocal crosses of the parent lines.  F1 males were heavier when their dams were from the heavier line.  This effect was not observed in F1 females.  The data indicate that sex linkage of genes determining body weight could account for the observed maternal effect.

* (See also March, 1965 issue Canadian Journal of Genetics and Cytology.)

CHIANG, H.C.

Institute of Agriculture

Department of Entomology, Fisheries, and Wildlife

University of Minnesota

St. Paul, Minnesota

A note on fringe populations


The thesis research by Muggli was conducted as a starting point of the investigations of harsh-environment ecology.  The following statement on the importance of harsh-environment ecology may be quoted (Chiang, H.C., 1961.  Fringe populations of the European corn borer, Pyrausta nubilalis, their characteristics and problems.  Ann. Ent. Soc. Amer. 54: 378-387.)

“Fringe populations deserve special attention also from a basic ecological viewpoint.  The relative importance of density-dependent factors and density-independent factors in the natural control of animal populations has been a much discussed, controversial question.  Failure to recognize the existence of fringe populations, and the lack of information of the characteristics of such populations may lead to a wide difference in interpretation of results.  Such a difference is bound to occur when results of a field population which happens to be in a fringe area are compared with those of a laboratory population, which seldom, if ever, shows fringe characteristics.  In this connection, something might be learned in the laboratory regarding the characteristics of fringe populations by exposing the test animals to harsh and marginal conditions, in addition to the conventional optimal conditions.”

CROWSON, R.A.

Department of Zoology

The University of Glasgow

Glasgow, Scotland

Morphological and systematic comments on some reported Tribolium mutants
1. Microcephalic  (T. castaneum: TIB 4, p. 16). The described form of the head in this mutant is suggestive of that found in the peculiar Tenebrionid group Cossyphodinae (family Cossyphodinae of many authors), which I believe may be allied to the Triboliini; it is also approached in some other Tenebrionidae (e.g. Hypselops) and in Pterogenius, representing a distinct family Pterogeniidae.

2. Tarsi irregular (T. castaneum: TIB 5, p. 13).  A tarsal formula of 5-4-4 occurs very rarely in Heteromera, though quite common in the Anisotomidae (Staphylinoidea); it is found, however, in the Cossyphodinae among Tenebrionidae.  Evidence suggests that in phylogeny, reduction of the tarsal segments from 5 to 4 in Coleoptera usually occurs as a single step.  Thus in the Cryptophagid genus Micrambe the males of some species have the tarsal formula 5-5-4, of others 5-5-5 as is the case in females of all species; no intermediate conditions have been reported.  Reduction of the tarsal segments to 4 is also recorded as a single-factor mutant in Drosophila melanogaster (“four-jointed” mutants).+
3. Juvenile urogomphi (T. castaneum: TIB 6, p. 25). It would be interesting to study in some detail the structure of the end of the abdomen in individuals manifesting this mutation.  In the Staphylinid subfamily Staphylininae, normal adults have long setiferous urogomphi-like structures at the end of the abdomen, apparently homologous with the paraprocts (regarded by me as pleural elements of segment 9) of other beetles.  These structures appear to develop in direct continuity with the pupal and larval urogomphi.‡

+ See also note by Sokoloff on “Pleiotropic effects of the sex-influenced ‘paddle’ and ‘serrate’ genes in T. castaneum” below.

‡ See note by Sokoloff, “Further comments on mutants with juvenile-urogomphi-like appendages in the adult T. castaneum.”

DAWSON, PETER S.

Department of Genetics

University of California

Berkeley, California

* The white leg character in Tribolium castaneum


It is not unusual, when censusing a large population of flour beetles, to observe one or more individuals with white legs, antennae or elytra.  Such sporadic occurrences had previously, in this laboratory, been attributed to developmental abnormalities, injuries or cannibalism.  In addition, the ethylquinones released by adults may result in white appendages in beetles which are exposed to these gases at certain critical juvenile stages.  In November, 1960, two cultures were found which contained a rather high frequency of affected individuals.  From the ensuing matings it soon became apparent that the inheritance pattern of this “character” was quite complex (Dawson, 1961, TIB 4:19).  The studies to be reported here are confined to the expression of the white leg (WL) phenotype.


There is considerable variability in the expression of WL, both between and within affected individuals.  The tibiae and tarsi are the most frequently affected segments, and the rear legs are more often lacking in pigmentation than the middle legs, which in turn are more often affected than the front legs.  It is mot unusual to observe beetles with one completely white leg and one or two legs with white tibiae.  The white legs tend to be lost quite easily, either during the normal life of the beetles or during the process of sifting them from flour.


The original WL individuals were obtained from two matings involving the Sa-2 (Short antenna) gene.  From the progeny of these matings, three crosses were made in which all parents had one white leg.  The results of these matings, given in Table 1, show that of the total offspring, about 50 per cent were WL and 50 per cent normal.  Most further work was limited to the offspring from WL-4.


Out crosses of WL beetles to the University of California synthetic stock yielded offspring as given in Table 2.  The frequency of WL among the F1 progeny was very low, and increased to only about 5 per cent in the F2.  Thus WL seems to act like a phenodeviant (Lerner, 1954).  The widespread occurrence of the WL phenotype is additional evidence in favor of this idea.  It is, however, hard to explain the high frequency of WL in the early matings if this interpretation is correct.


By inbreeding and selection it was possible to increase the frequency of WL as high as 0.71 in one particular mating.  However, a large reduction in fertility resulted from the inbreeding, and it was necessary to pool the lines in order to maintain the stock.  The stock has been maintained for 5 generations by selecting the 20 to 25 most severely affected individuals, and the frequency of WL has remained quite constant (0.59, 0.59, 0.60, 0.62, 0.59 respectively).


Perhaps the most interesting observation is that the frequency of WL is different for the two sexes.  In the offspring from WL-4 (Table 1), the frequencies are 0.63 and 0.46 for males and females respectively.  The phenotypes of progeny from 17 matings where 50 or more offspring were classified involving parents up to three generations removed from WL-4, are listed in Table 3.  In 14 of the 17 matings the frequency of WL was higher in males.


Another interesting aspect of this work is the dependence of the frequency of WL in the offspring of a mating on the number of affected legs in the parents.  Data from the 17 matings discussed above, presented in Table 4 in a slightly different manner, illustrate this point.  The same phenomenon is observed with respect to numbers of affected legs in the offspring.  There also is some evidence for a maternal effect on expression of WL.

Table 1 : Original matings between WL individuals

	Mating
	Offspring Phenotypes

	
	Males
	Females
	Total

	
	WL
	+
	WL
	+
	WL
	+

	WL-1
	5
	29
	23
	25
	28
	54

	WL-2
	8
	4
	20
	2
	28
	6

	WL-3
	27
	16
	18
	21
	45
	37

	Total
	40
	49
	61
	48
	101
	97


Table 2 : Results of outcrosses to the synthetic stock

	Mating
	No. of Matings
	Offspring WL
	Phenotypes +

	WL x stock
	6
	2
	448

	F1 x F1
	8
	37
	616


Table 3 : Sex difference in offspring from matings involving WL

	
	WL
	+
	Total
	Frequency of WL

	Males
	430
	310
	740
	0.58

	Females
	357
	391
	748
	0.48

	Total *
	806
	714
	1520
	0.53


* Includes beetles not sexed

Table 4 : Results of matings between WL beetles with varying numbers of affected legs

	Total number of affected legs in parents
	No. of matings
	Frequency of WL offspring

	
	
	Males
	Females
	Total

	0
	4
	0.51
	0.37
	0.44

	1
	1
	0.41
	0.40
	0.41

	2
	4
	0.62
	0.39
	0.50

	3
	5
	0.63
	0.55
	0.59

	4
	3
	0.63
	0.63
	0.63

	Total
	17
	0.58
	0.48
	0.53


DEWEES, ANDREW A.

Population Genetics Institute

Purdue University

Lafayette, Indiana

* Linkage information on peach and ruby

In preliminary report on the eye mutants peach and ruby of T. castaneum, each was reported as an autosomal recessive (TIB 7, p. 32).  However, further tests revealed that peach is sex linked and is allelic with the red and wine eye mutants.  Peach will, therefore, be designated as rPh.

Preliminary linkage tests indicate that ruby is located in the maroon region approximately 27 recombination units from jet.

DOTY, A.E.

The Dow Chemical Company

Bioproducts Department

Midland, Michigan

An improved dietary supplement for rearing T. confusum


In 1959 experiments were initiated comparing the commonly used brewer’s dried yeast with dried Torula yeast (a primary grown product of the Red Star Yeast and Products Company) as a supplement to whole wheat flour.  Gross observations indicated that Torula yeast produced greater numbers of T. confusum than the dried brewer’s yeast and has been used in this laboratory since then.  The increase of Torula yeast from 5% to 10% in whole wheat flour also increased reproduction and has been used for some time.  Since Torula yeast is considerably cheaper than debittered dried brewer’s yeast, a higher percentage of yeast can be used without increasing the cost of the rearing medium.

DYTE, C.E., MISS D.G. BLACMAN, AND D.G. ROWLANDS

Pest Infestation Laboratory
Slough, England

* Malathion resistance in Tribolium castaneum

Resistance to malathion has occurred in T. castaneum in Nigeria.  A culture derived therefrom now has a resistance factor of X200 after selection in the laboratory.  Studies with synergists and the examination of malathion metabolites in the resistant and susceptible beetles show that the mechanism of resistance is one of enhanced carboxyesterase activity.  Further studies of malathion synergists and the inheritance of the resistance are being made.

DYTE, C.E. AND MISS D.G. BLACKMAN

Pest Infestation Laboratory

Slough, England

* DDT resistance in Tribolium castaneum

A stock of T. castaneum from Peretoria has been cultured in flour containing DDT.  The food contamination was increased in each generation according to the yield.  After thirteen generations of selection cultures started in food containing 5, 10, 20 ppm DDT have bred media containing 100, 105 and 97.5 ppm respectively.  A susceptible strain from Trinidad is able to breed in a similar medium containing 20 ppm DDT, but fails to produce progeny when the food contains 40 ppm.  A substrain derived from some seventh generation adults from the culture started in 10 ppm has been selected by topical treatments of unmated adults in subsequent generations.  The thirteenth generation of this substrain when tested by a topical application method had a resistance factor of about X60.  Studies of the inheritance of the resistance are underway.

ERDMAN, HOWARD E.

Biology Department

Battelle-Northwest

Richland, Washington

“Dose Ratio” of X-rays and fast neutrons


Similar relative biological efficiency (RBE) values for dominant or recessive lethal induced by radiations were found for mice and Drosophila and for induction of chromosomal aberrations for Tradescantia and Drosophila.


When dose response curves are of the “multi-hit” type for X-rays and “one-hit” type for other radiations, “dose ratio” rather than an RBE was recommended (1963, Health Physics 9:357).  Dose-response curves for dominant lethal were of these kinds of curves in my experiments.  Accordingly, dose ratios of 250 Kvp X-rays and 4.6 Mev fast neutrons for 50 per cent dominant lethal in flour beetles, Tribolium castaneum (Herbst) “Brazil CI,” were determined during two weeks after exposure.


Dose ratio values were comparable regardless of sex exposed or temperature (25, 29 and 320c).  The mean dose ratio of 2.4 which represents the response of all meiotic stages at the time of irradiation was similar to that of 3.4 for Drosophila (1958, Alexander, M.L., Genetics 43:458).  Radiation would be more hazardous to premeiotic or meiotic cells than to postmeiotic stages because the latter are of brief duration and consequently subjected to fewer chances for exposure.

In conclusion, 4.6 Mev fast neutrons were 2 to 3 more effective in including 50 per cent dominant lethal in flour beetles than were 250 Kvp X-rays.  The dose ratio for dominant lethal in flour beetles was similar to that found in other plants and animals.

ERDMAN, HOWARD E.

Biology Department

Battelle-Northwest

Richland, Washington


The abundance and distribution of animals are determined by the genetic constitution of the organism and its environment.  T. confusum is more X-radiation sensitive than T. castaneum (Brazil CI) (1962, Erdman, H.E., Nature 195:1218 and 1963, Erdman, H.E., J. Exptl. Zool. 153:141).  The response(s) of these organisms to insecticides and the modifications due to radiations are of interest from economic, hazards, and theoretical standpoints.


Stock adults were tested for survival on various DDT concentrations in food at room conditions (270c and 40 per cent relative humidity).  These preliminary data (Table 1) show that T. confusum (Chicago Standard) has the best survival at high DDT concentration; “Sooty” (T. castaneum) has the poorest.  The greater resistance of T. confusum may be correlated with its greater lipid content.  Further work will help clarify the lipid-DDT interaction.

Table 1

Per Cent Survival of Flour Beetles on Various Concentrations of DDT in the

Food and Lipid Content of Flour Beetles

	% DDT in diet
	% adult survival, 18 days

	
	T. confusum “Chicago Standard”
	T. castaneum

	
	
	“Sooty”
	“Brazil CI”

	0
	99
	96
	100

	0.00050
	95
	74
	94

	0.00065
	93
	63
	91

	0.0010
	93
	54
	88

	0.0050
	90
	31
	81

	0.0066
	70
	11
	62

	0.01
	53
	3
	45

	mg lipid/g beetle
	107 ± 2.2
	97 ± 1.6
	99 ± 0.2



In several experiments, progeny reared from egg to adult on the various concentrations of DDT food showed no departure from the expected 1 : 1 sex ratio.  Developmental rate was retarded at 0.005 per cent DDT in food.


“Sooty” larvae placed on DDT contaminated food at different ages showed that older larvae had a better chance for survival than did younger larvae.


Two differences between T. confusum and T. castaneum (Brazil CI) were evident, namely, the former tolerated higher concentrations of DDT and was more radiation sensitive.


Further research will concern effects of combinations of DDT and radiations on populational abundance and distribution.

GODDEN, D. and R.W. HOWE

Pest Infestation Laboratory

Slough, England

* The susceptibility of the developmental stages of Tribolium castaneum were exposed to graded dosages of methyl bromide by exposing them for various periods to 10 mg per litre in a gastight chamber. Eggs were exposed in perspex cells with the openings covered by filter paper; and larva and pupae in short lengths of glass tubing closed at both ends by muslin.  Fifty were exposed in every chamber and at least two replicates of each were exposed to seven dosage levels.  The larvae were provided with flour.  The insects were bred and fumigated at 250c and 70 per cent R.H.

The eggs were split into 6 age groups, larvae into 24 and pupae into 10.  The dosage required to kill 50 per cent varied from 10.3 mg hr late in the egg stage and early in the larval stage to 81 in the young pupa.  The egg was least susceptible at 2-3 days ole (50% kill at 30 mg hr) and most at 5 days, becoming less susceptible just prior to hatching.  The larvae slowly became less susceptible as they grew but only become less susceptible than 2 days old eggs in the final fifth of this instar.  Pupae were least susceptible when 2-4 days old and then became steadily more susceptible.  When about to become adult their LD 50 was 30.  It seems likely that larvae become more susceptible to fumigants around the time of moulting.

GROSCH, D.S.

Genetics Department

N.C. State of the University of N.C.

Raleigh, North Carolina

Complete utilization of substrate by a beetle


Three per cent of more than 100 jars of cigarettes produced for smoking panel tests were accidentally infested with Lasioderma serricorne Fabr.  One of these jars was given to me and kept as an unopened souvenir in my office.  Live beetles persisted in the jar for seven years, and more than 50 generations have been postulated.  Finally when no live adults had been seen for several months the jar was opened.  The paper sheaths of the 65 cigarettes were completely empty but held upright in their tightly-packed vertical position.  An accumulation of brown powder and beetle bodies filled the lower half inch of the jar.  Microscopic examination of the brown powder identified it as beetle feces.  No unchanged flakes of tobacco were evident.  More than 1000 beetle bodies were counted and many more broken pieces were present.  It appears that all original edible material has been converted either into beetles or into feces.  The closed system comprised of a glass jar with a metal screw top and a tightly fitted waxed cardboard disk suggests itself for extended studies such as prolonged biosatellite flight.  Are there equivalent examples featuring other beetles held for long periods in closed systems during which food conversion has gone to completion?

Yes.  Cultures of Latheticus oryzae and Tribolium castaneum and T. confusum have been observed to convert flour until the only thing remaining were fecal pellets.  Ed.

HAFEEZ, M.A.,1 N. HARB2 and M.M. IBRAHIM1
Faculty of Pharmacy

Kasr El-Ainy Street

Cairo, Egypt, UAR

A simple method for application of some insecticides against stored grain insects3

Dr. S.I. Bishara was discussing with us the best methods and times for controlling Bruchus refimanus Boch., a common beetle in Egypt attacking some leguminous seeds, especially the broad bean Vicia faba.  Instead of controlling the insect in the fields, for this usually needs considerable effort and amounts of insecticides, we thought of making an attempt to control the various stages of the insect in the seeds before planting.

A summary of the method follows:


The seeds were immersed in low concentrations of insecticides ranging from 0.3% down to 0.05% for periods of 3, 6, 12 and 24 hours before planting.  The preliminary experiments using Malathion, Tozaphene and Dipterex gave very encouraging results.  The percentage of insect mortality reached 100% without any effect on the seed germination.


It is hoped to publish a detailed report on this work very soon.  We though it worthy to make this note in hope it might draw the attention of investigators who are interested in the method, using other seeds and insects such as grain weevils, borers and other insects which pass a stage of their development inside grains.


1 Dept. of Plant Protection, Min. of Agriculture, UAR.


2 Faculty of Pharmacy, Cairo Univ., UAR.


3 This investigation had been carried out at the Dept. of Plant Protection, Ministry of Agriculture, Dokko, Cairo, Egypt, UAR.

HO, FRANK K.

Department of Genetics

University of California

Berkeley, California

* Heat treatment of Tribolium confusum imagoes

Heat is widely used in work involving flour beetles.  It is used for sterilization of flour, and for killing any discarded specimens.  It can also be used for identification of phenotype and of sex in various crosses where beetles are not to be bred further.  In order to determine the time of exposure to heat which least affects the phenotype, the following experiments were carried out with T. confusum.
1.  Slow heat treatment.  50 male and 50 female two-month-old beetles derived from our synthetic laboratory strain were introduced into a plastic jar (6.0 x 3.6 cm.) with 8 grams of whole wheat flour (but glass vials 9.5 x 2.4 cm. also can be used for this purpose) and placed in a 650c.  Thelco laboratory electric oven for different periods of time.  Five replicates were used for each period tested.  The mortality of beetles following heat treatment was observed (Table 1).  It was demonstrated that all beetles survived when immediately isolated from flour heated for 10 to 12 minutes at 650c.; 92 per cent of the beetles survived exposure of 14 minutes; if heated to 15 – 16 minutes, all beetles were killed.  These newly killed beetles can be isolated and kept for morphological studies without changing body color for several hours.
2. Quick heat treatment.  Same age and same number of T. confusum imagoes as mentioned in method (1) were used for this test.  Double-layer petri-dishes were used instead of plastic containers (the larger dish was used as the bottom layer).  In this way the containers can be kept hot longer after removal from the oven than the single-layer dish at room temperature (about 250c.).  These dishes contained no flour and they were placed on the metal plate of the lower shelf of the oven at least 5 minutes before using.  The beetles were introduced into the heated dishes as the dishes were taken out from the oven.  The time required to kill them was 10 – 12 seconds.  They were transferred to a cold dish for examination.  A single-layer dish also can be used for quick killing purposes, but beetles in the dishes should be kept on the hot metal plate of the oven for 5 seconds to insure they are completely killed.  It was noticed that if beetles receive too much heat, their body color may become darker and it may be difficult to squeeze out the sex organs with forceps for the purpose of determining the sex.

It is concluded that the quick heat treatment is more useful for sexing of adult and identification to phenotype.

Table 1

Per cent survival of T. confusum when exposed at different

intervals of time at 650c.

	Slow heat treatment (plastic jar with flour)
	Quick heat treatment (double-layer dishes without flour)

	Time exposed to heat (minutes)
	Survival (%)
	Time exposed to heat (seconds)
	Survival (%)

	10
	100
	4
	100

	12
	100
	6
	75

	14
	92
	8
	22

	15
	0
	10
	0

	16
	0
	12
	0


HOY, MARJORIE A. and BARBARA B. DALY
Department of Genetics

University of California

Berkeley, California

Premature eversion of the ovipositor in a pupa of Tribolium confusum

Normal female pupae in Tribolium are characterized by the possession of prominent genital lobes anterior and medial to the urogomphi (Fig. 1A).  A pupa has been found which differed from this normal appearance (Fig. 1B).  The beetle had advanced in development to the point of having the compound eyes pigmented; the mandibles had a brownish appearance, and the tarsal segments and claws were visible through the pupal skin.  It is judged that this individual was about a day short of completing its development.  The pupa in question lacked urogomphi, but all the lateral irregular projections of the abdominal tergites were present.  The posterior end was continued into a typical adult ovipositor and while the pupa was alive it was never seen retracted, but when touched it was seen to more from side to side.  As can be seen from Fig. 1B, the various plates of the ovipositor were identifiable, including the valvifers and their plates.  The styli were in their normal position (compare with Figs. 50, 51 of E1 Kifl, 1953, Bull. Soc. Fouad ler Entom. 37:173-249).  The female died before eclosion, so that it is not known whether the premature eversion of the ovipositor had any genetic basis.  So far as is known this is the first such recorded case for T. confusum.
[image: image1.emf]
KENAGA, EUGENE E.

Bioproducts Department

The Dow Chemical Company

Midland, Michigan

Triphenyl tin compounds as insect reproduction inhibitors

Summary


Using the house fly as an indicator, a number of triphenyl tin derivatives were found to act as reproduction inhibitors.  The more active compounds such as Dowco* 186 (triphenyl tin hydroxide), Dowco 187 (allyl triphenyl tin) and Dowco 188 (bis triphenyl tin sulfide) have three phenyl groups in common, plus a fairly labile fourth group attached to tin.  The above compounds sterilize adult flies well below the lethal concentration.  Females are sterilized at lower concentrations than males.  Some derivatives produce easily reversible reproduction control; some do not.  This property is somewhat dosage dependent in the house fly with all gradations ranging from nearly complete ovarian suppression to deposition of normal sized but sterile eggs.  Triphenyl tins suppress or control reproduction in the German cockroach and the confused flour beetle.  The triphenyl tin moiety would appear to have promise for the reproduction control of insects and related species from a number of orders of arthropods.

(To be published in full in the February 1966 issue of the Jour. of Economic Entomology.)


* Trademark of The Dow Chemical Company

LERNER, I. MICHAEL, A. SOKOLOFF and F.K. HO

Department of Genetics

University of California

Berkeley, California

* More on indeterminacy in competition

A previous paper by Lerner and Ho (1961) reported the results of competition experiments between Tribolium castaneum (CS) and T. confusum (CF).  When 10 pairs of founders of each of the CS and CF were introduced in vials, CS eliminated CF in all replicates.  When two inbred strains of CS, CS 2 and CS 12 and their hybrids (CS X) and two of CF (CF 9 and CF 11 and their hybrids, CF X) were placed in competition under the same conditions in every interspecies combination there were three types of results: (1) determinate with CS the winner; (2) determinate with CF the winner; and (3) indeterminate with CS superior on the average but with an occasional CF win.


The results differed from those of similar experiments reported by Park and collaborators (Park, 1948, 1954; Park and Lloyd, 1955) in which the outcome of competition could not be predicted a priori and was said to be indeterminate.  Lerner and Dempster (1962) suggested that much of the indeterminacy observed in competition experiments may be a reflection of random selection of the genotypes of founder populations.  There were, however, some differences in experimental technique between the Park experiments and those of Lerner and Ho. In the former, competing cultures were initiated with two pairs each of the two species; in the latter, there were ten pairs of founders of each species.  Furthermore, in Park’s experiments the cultures were sifted and censused at monthly intervals and all the live stages introduced in fresh flour, whereas in those of Lerner, and Ho, the adults were scored and discarded every month, the medium renewed, and the cultures continued with the pre-adult stages (with the exclusion of the egg-stage).

To rule out the possibility that the differences in results might lie in the difference in technique, a series of experiments using the same strains used in the previous study of Lerner and Ho was undertaken starting the competition vials with two pairs of adults, renewing the medium each month and consusing initially every three months, and later every month.


In view of the fact that a recent paper by Park, Leslie and Mertz (1964) give data to show that the use of inbred strains leads to a deterministic outcome of competition conforming with the findings of Lerner and Ho (1961), Lerner and Dempster (1962), and of Dawson and Lerner (1962), the results of our new experiments are merely being placed on record here in Tables 1-9.  In brief, they conform with our previous findings, suggesting that the differences in technique do not matter in these studies of competition between flour beetles.  It may be pointed out that wherever the results were indeterminate in this series of experiments (Tables 4, 5, and 9) in every case indeterminacy was observed (as in the previous experiments) only when CF line 11a was involved.  This strain is being examined cytologically in order to determine whether an inversion or some other aberration accounts for this fact.
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LLOYD, C.J. and E.A. PARKIN
Pest Infestation Laboratory

Slough, England

* Selection of pyrethrum-resistant Sitophilus granarius

In 1954 the Laboratory received a field stock of S. granarius, with twice the resistance to pyrethrins, of our standard strain, as determined by a direct spray test.


Resistance has been steadily increased by breeding from the survivors of treatments designed to kill approximately 80% of beetles.  Viscosity problems dictated changes in the selection technique; from direct spray, to topical dosage with micro capillary tubes, after 7 selections; and a further change to a micro-drop technique after 19 selections.  Now, a resistance level 132 X that of the standard stock has been achieved after 30 selection tests during 44 generations.  Reduced viability prevented treatment in each generation.  During the course of selection, the resistant strain has gained 30% in weight over the standard strain; darkened in color, but not homogeneously; and become noticeably less active.  There is some evidence to show that the factors for darkness and increased weight are sex limited to the resistant female.  However, it is known that the dark form is not directly linked with resistance.  Further work on the genetics of these insects is in progress.


When the resistance level had reached X34 the cross tolerance to a wide range of different insecticides and environmental conditions was measured (Lloyd, C.J. and E.A. Parkin, J. Sci. Fd Agric. 1963, 14, 655-63).  The resistance to allethrin, a synthetic pyrethroid, was equal to pyrethrum itself, but admixture with the activator piperonyl butoxide reduced resistance against both substances to a low level.  Resistance to the other insecticides tested was of a low order with the notable exception of DDT (X15).  Investigation of the cross tolerance to DDT, and the use of activators is being carried out.
LLOYD, MONTE

Department of Zoology

University of Chicago

(Present Address: Department of Zoology,

University of California, 

Los Angeles)

* Laboratory studies with confined cannibalistic populations of flour beetles (Tribolium castaneum) in a cold-dry environment. I. Data for 24 unmanipulated populations.


I completed a doctoral thesis some years ago, based upon laboratory populations of Tribolium castaneum Herbst, conducted in the laboratory of Professor Thomas Park at the University of Chicago.  Up until now, no written report of this work has been available, except for the thesis itself (Lloyd 1957) and the abstract of a talk given in London in 1958 (Lloyd 1959).  I set out to study the phenomenon of population extinction in an unfavorable habitat.  The fundamental character of this problem had to be changed after the work was well under way, because a genetic change had occurred in our laboratory strain.  The beetle populations did not become extinct in the same incubator where they had invariably done so two and one-half years earlier (Park 1954).  From the point of view of presentation, this poses a dilemma: if I describe the work chronologically, the reader may be “led astray” in the same way that I was; if I recognize the material in a way that makes sense to ne now, the reader may get a false impression of how the (modified) problem developed.  I have decided to “seize both horns,” that is, to report the work both ways in different papers.


The present paper will describe the population experiments in the context in which they were originally planned and report the data in full for some of the populations.  Later papers will present the remaining population histories and discuss present ideas of what the data show, much modified by the extensive work that has subsequently been carried out in Professor Park’s laboratory and elsewhere (see Park, Leslie and Mertz 1964 and earlier papers).  Primarily, this paper is intended for the reader interested in exploring his own method of analysis.  There seem to be as many different ways of analyzing Tribolium population histories as there are people interested in doing it, yet every independent analysis requires the full data, not merely the statistical summaries which are the only form practical for publication in most journals.


Indeed, statistical summaries may actually be misleading.  There are cycles in the numbers of larvae, brought about primarily by the well-known cannibalism of larvae on eggs and younger larvae, that are slightly out of phase in different replicates.  The plot of average numbers against time smooths out these cycles, and so differs in a qualitative way from the population histories that it would purport to represent.

One must census the population at frequent intervals in order to reveal the details of these cycles.  They are well illustrated by the present data, based on weekly censuses.  Similar patterns are evident in the unpublished thesis work of Strawbridge (1953), based on 4-gram populations of T. castaneum in a temperate-wet incubator (290c., 70% relative humidity) censused at 3-day intervals.  Strawbridge’s cycles are much more rapid than mine, as would be expected from the much faster rate of development at 290c. than at 240c. (Park and Frank 1948, Lloyd 1957).  The only published population history from Strawbridge’s work is a figure used by Landahl (1955) to compare with a mathematical model.  Cycles in the numbers of larvae were shown somewhat imperfectly by Chapman (1933), using Adelina-infected populations of T. confusum censused at 5-day intervals.  Most of the later work has been based on 30-day censuses, which are too infrequent to reveal detrails.

Experimental design. – My interest in Tribollium castaneum was first stimulated by Park’s (1954) discovery that his populations of this species could not maintain themselves in a “cold-dry” incubator environment (240c., 30% relative humidity).  Each of Park’s 15 replicate populations were started off with only four pairs of adults in 8 grams of flour medium.  These beetles were able to reproduce themselves all right, but the ensuing populations eventually died out in every case.  As it happened, the adults used to start these populations had been reared under different incubator conditions (290c., 70% relative humidity), which were much more favorable, suggesting the hypothesis “… that adult beetles not raised in these [cold-dry] conditions produce new generations, but their progeny cannot” (Park 1954, p. 188) – in other words, that developing in the cold-dry conditions had some sterilizing effect on the beetles.


I decided to test this hypothesis by initiating 12 populations (designated A-1, A-2, ………., A-12) entirely with individuals (larvae, adults) that had been reared in the cold-dry incubator, from eggs also laid in that incubator, by parent beetles that had been reared under more favorable conditions.  These were the “unmanipulated control” populations of “strain A”.  Each week they were sifted free from the 8 grams of flour medium and all stages counted, including the eggs. The living stages were then returned to a fresh vial of medium which had been kept in the cold-dry incubator for several days previously.

Hoping to get populations that would persist, I started a similar series of unmanipulated control populations (B-1, B-2, …., B-12) with a different laboratory strain of beetles – “strain B” – which seemed, judging by the gross appearance of stock cultures, to have a higher intrinsic rate of increase under a variety of temperatures and humidities.  In addition, there were four complicated series of manipulated populations, involving one or the other strain, in which the pupae were isolated and allowed to complete their metamorphosis (and develop their gonads) either in a more favorable “cold-wet” environment (240c., 70% relative humidity, i.e., the “manipulated experimentals, “A”-1, A”-2, etc., and B”-1, B”-2, etc.) or in the same cold-dry environment (A’-1, A’-2, etc., and B’-1, B’-2, etc.)  Each experimental series consisted of 12 replicate populations and each population had a flour change every week.


On the hunch that this much census disturbance might somehow be harmful to the beetles, I established another series (C-1, C-2, etc.) with strain A, consisting of 300 “conditioned-flour” populations, which were never to have a flour change or be sifted free of the flour up to the time of census, and be sacrificed in groups of 12 every four weeks.  (These populations showed that census disturbance does indeed affect population size, a point that will be documented fully in a later paper.)  Finally, I thought that extinction might be avoided by starting populations with high densities, so I established 12 populations of strain A (D-1, D-2, etc.) with 20 times the initial numbers that were used for the A-series, but otherwise cultured in the same way, with weekly flour changes.


Even before this program was well under way, it became apparent that I was not going to be able to reproduce Park’s results.  While doing preliminary work, I had initiated a pilot series of populations in exactly the same way as Park had done, using the same incubator, the same census techniques and census interval, starting each population with four pairs of newly-eclosed adults which had been reared in the temperate-wet incubator, and using what we believed to be genetically the same strain, i.e., “strain A”.  There were eleven of these populations and all of them quickly reached level immensely in excess of anything that Park had observed for Tribolium castaneum in the cold-dry incubator, giving every indication that they were going to persist indefinitely.  Obviously, Park’s laboratory strain had become altered genetically in some way which affected its ecological performance in the cold-dry environment, and this happened in the short period between the times when we each withdrew beetles from the stock cultures to start our respective experiments, viz., between December 1950 and May 1953.


The most likely cause of this genetic change, I think, is that Park’s inbred laboratory strain “A” was invaded by beetles from some other strain, probably “B”.  There is no proof that this is what happened, but there is enough circumstantial evidence to make the presumption plausible.  The stock jars for several different strains were then normally kept together in the laboratory and at that time each jar was covered only by cotton gauze.  I have since demonstrated that beetles are able to work their way through this gauze and drop to the flour inside, and it is well known that individual T. castaneum sometimes do fly (Park 1934).  In fact, on one occasion I actually found several individuals of T. castaneum in a stock jar of the black mutant “ebony” of T. confusum, where their color made the intruders (or perhaps the progeny of a single intruder) conspicuous.

The strain in question, strain A, is the standard laboratory culture of Tribolium castaneum (sometimes designated “Chicago”) then maintained by Professor Park, upon which a great deal of research had already been concentrated (Park 1948, 1954, 1957).  In 1953 this strain had been cultured in the laboratory for about 20 years, or may be even longer.  A seeding was initially received in 1934 from Dr. N.E. Good of the United Stated Department of Agriculture, where the stock had been maintained for an unknown period.  Strain B (sometimes called “Brazil”) was originally obtained from Professor A. de Costa Lime of the Escola Nacional de Agronomia, Rio de Janeiro, in 1946; its history before that time is not known.  The problem of the extinction of Park’s populations in the cold-dry incubator has been commented on by Howe (1956). Howe notes that “very few F2 can have succeeded in completing development” in these populations, and yet he gives data showing that his independent British strain of T. castaneum could be reared in a relative humidity of 30% at a temperature as low as 22.50c.


Assuming that foreign beetles did get into strain A in Park’s laboratory, there would have been excellent opportunities for a rapid change in the genetic constitution of the strain, stemming from the biological characteristics of Tribolium itself, in combination with the method which was used at that time to maintain stocks in the laboratory.  This was to transfer several hundred adults or less to a large jar of fresh medium every two or three months.  The (greatly expanded) next generation of adults appears in about a month’s time and may perhaps destroy all but a small number of the pupae which appear during the next month or two.  In view of the cannibalistic habits of Tribolium, one can see how a fast developmental rate might be of enormous selective advantage in a culture which starts with all individuals of the same age.  The largest larvae not only eat eggs and smaller larvae, but also are the first to become adults, whereupon they destroy many of the pupae which subsequently appear.  Strain B, the presumed source of exogenous genotypes, was shown (Lloyd 1957) to complete its larval development in the cold-dry incubator about 3 to 6 days faster than strain A, as the latter was constituted in 1953.  Since that time, Park, Leslie, and Mertz (1964) have developed (by inbreeding and selection, using material from various sources) four different genetic strains of both Tribolium castaneum and T. confusum – strains especially tailored for the study of interspecies competition, and maintained throughout in such a way as to insure their genetic isolation from one another.


My discovery in 1953 that strain A could not live in the cold-dry incubator meant, of course, that the “manipulated experimental” series (A”-1, A”-2, etc., and B”-1, B”-2, etc.) were quite pointless.  These were discontinued after 7 weeks, their histories up to that time being essentially identical with the controls (A’-1, A’-2, etc., and B’-1, B’-2, etc.).  The latter proved to be worth pursuing for quite a different reason than that originally intended, namely, the manipulations provided a means of keeping track of the number of pupae that were being cannibalized.  The comparison between strains also proved interesting in this context.  I will report on these manipulated populations, and on the other series (C-1, C-2, etc., and D-1, D-2, etc.) in subsequent papers.  The purpose here is to present the data in full for the unmanipulated series (A-1, A-2, etc., and B-1, B-2, etc.)


Culture and census techniques. – The minutiae of laboratory techniques for husbanding Tribolium populations hold no interest for the general reader.  I believe, however, that one cannot hope to understand these populations without taking full cognizance of such minutiae, and that what may be valid for one imposed set of conditions, or one genetic strain, may be quite wrong for another.  For this reason, I have felt free in this section to include everything that I think may be relevant.

The cold-dry incubator is a domestic refrigerator, six cubic feet in capacity, equipped with a thermostat, a small circulating fan, and a heating element.  The relative humidity was kept around 30% by means of open trays of dehydrated silica gel.  Condensed moisture on the cooling unit was periodically wiped dry with absorbent paper.  The interior remained in darkness except when the door was opened, once to several times a day, to withdraw or replace beetles or to check conditions.  Temperature and humidity records over the whole period averaged 24.0 ± 0.60c. and 31 ± 5 per cent, with standard deviations as shown.  The culture medium was 95% fine whole wheat flour homogenized with 5% dry brewer’s yeast, brought into equilibrium with the incubator conditions by remaining there several days prior to use.

The animals used to initiate the populations were all raised under cold-dry conditions at controlled densities.  The flour in these culture jars was renewed every week, the new medium being quickly strewn on a piece of construction paper and the larvae thoroughly dispersed in it (with the handle of a brush) before being returned to the jar.  From previous findings it was predicted that 76% of the eggs for strain B, but only 33% of those for A, would survive to become large larvae.  On this basis, a number of eggs was counted out for each culture jar such that the anticipated density of survivors would be about 10 per gram.  After 28 days, the actual densities of larvae in these cultures ranged from 6.1 to 18.0 per gram.  There was a striking negative correlation between survivorship and the amount of flour medium used in each container (mostly baby food jars), which ranged from 25 grams to 153 grams.  This suggests to me that tamping down of the flour can be an important source of mortality for the larvae – a situation I had not previously suspected.  The largest culture was one in which I tamped down the flour a great deal in order to get more into the jar than it would conveniently hold.  Survival was only 4% in that culture, so I discarded it altogether and was careful never to tamp down the flour in population vials.


The standard container for a Tribolium population, in this and a great deal of previous and subsequent work in Professor Park’s laboratory, is an 8-dram glass shell vial.  It measures 25 mm. in diameter by 95 mm. high, holding 8 grams of medium.  This fills it less than half-way.  The beetles, which spend much time on the flour surface, are unable to crawl up on the glass.  The top is covered with coarse bolting cloth (29 meshes per inch) held with a rubber band.

The populations that I studied were first established in April, 1954.  Room conditions during the following summer months in Chicago were of course warm and moist.  It was necessary to carry out the census operations under room conditions, which meant exposing the weekly-censused populations for 2 or 3 hours each week to temperatures and humidities quite unlike those of the “cold-dry” incubator.  In order to insure that this exposure should have no lasting effects on the beetles’ habitat, i.e., in order to reduce the amount of moisture which the vial of fresh medium might absorb from room air while sitting on the laboratory table, each vial was covered with a special dehydrator cap containing silica gel.  During the winter months, room conditions were much more like the incubator, and dehydrator caps were not used.


Census techniques for Tribolium have been standardized and briefly described by Park (1948, p. 268).  The bolting silk used for sifting is stretched in a brass hoop, 12 cm. in diameter, from which it is removed, cleaned in 95% alcohol, and heat-sterilized in a drying oven between each census.  Instead of brushing the animals from the bolting silk as Park describes, I removed them by inverting the hoop over a saucer and gently tapping on the stretched fabric.  The larvae and adults clinging to the central portion immediately lose their footing and drop (about 5 cm.) into the dish; those on the perimeter are dislodged by poking at them through the fabric with a brush.

The contents of the saucer are gently shaken and blown upon.  This removes the cast exuviae and many of the dried-up carcasses of partially eaten pupae, which are collected on a piece of black construction paper.  Any small larvae that blow out of the saucer are easily recovered because they cling to the paper when the other objects roll off (Saunders and Krueger 1957).  The adults are unable to crawl up the smooth sides of the saucer, but each one tries to move up the nearest incline, so they soon arrange themselves in a ring around the perimeter of the saucer, leaving the larvae and pupae behind in the center.  From this position the adults are brushed, a few at a time, into vertical sided glass dishes (finger bowls) for counting.  The larvae and pupae are sorted and counted in the same way.


The sifted medium still contains the eggs and a few small larvae, so it is sifted again through a piece of fine bolting silk, which also retains a small amount of “frass” – empty egg shells, bits of exuviae, fecal pellets, and extra-large particles of flour.  The larvae are removed by letting them cling to construction paper, and the eggs and frass arranged on a small plate of glass (about 11 cm. square) in a long continuous line turning back on itself in hairpin curves.  This is done by bending the construction paper into a tilted U-shaped trough and gently rolling out the contents while moving the end of the trough back and forth over the glass plate.  Since the eggs roll more readily than the frass, the latter becomes concentrated at the end of the title, whence it is easily brushed away.  The eggs are counted under a dissecting microscope, following along the line, using transmitted light.


I found that magnification and transmitted light are necessary in order to distinguish egg shells and the yellowed, slightly shriveled inviable eggs from the translucent, fully rounded living ones.  It is imperative to make this distinction in order to avoid counting the same egg twice on successive weeks.  Legitimately, almost no eggs should be counted more than once, because the normal hatching time at this temperature is about 7 days (Park and Frank 1948, Howe 1956).  Despite my precautions, however, it is probable that some of the infertile eggs could remain healthy-looking for long enough to be counted twice or even three times.  Therefore, low fertility (per cent hatch) inherently produces an upward bias in the egg count, and this makes the data on egg densities difficult to interpret.  On the other hand, the studies of Rich (1956) and Sonleitner (1961) with marked eggs suggest that cannibalism rates (by adults alone – they did not study egg cannibalism by larvae) may be so high that an infertile egg has very little chance of remaining uneaten for a period longer than would be required for a fertile egg to hatch.

An earlier study with isolated pairs (Lloyd 1957) showed that eggs of strain A are considerably less fertile than those of strain B (per cent hatch below 80% for all pairs of strain A, above 80% for most pairs of strain B) and that fecundity is lower in strain A (a mean of 14.3 eggs per pair per 3-day period in A, 18.1 in B).  To my surprise, the egg counts – the column marked “E” in the population histories to follow – tended to be higher in populations of strain A.  The best indication of larval birthrate that I can give for populations of either strain is the count of first-instar larvae, in the column marked “(F)”.


The census being completed, all living stages are placed into a new vial of fresh acclimatized medium.  The exact manner of doing this is likely to be important, because it determines the spatial distribution of pupae and eggs within the vial, and this, in turn, undoubtedly affects the likelihood that they will be cannibalized.  My method of placing the animals into the new vial was to drop all stages on top of the medium, tilt the vial about 45 degrees, and rotate it vigorously.  This mixed the beetles into the top third or so of the flour.


I believed that this procedure would mimic the previous distribution of the various stages more closely than any other workable method that I could devise.  This conviction was later confirmed by Ghent (1963) for large larvae, pupae, and adults, but not for eggs.  Eggs are more numerous towards the bottom of the vial in undisturbed populations.  Both adults and large larvae are voracious egg eaters, and both congregate towards the top of the vial.


At the beginning of the study there were 72 weekly-censused populations.  The 12 replicates of each series were divided into three groups of four.  Each group was to be censused on a fixed day of the week, groups of different strains on alternative days.  The vials were assembled in a rack of wire mesh, their positions in the incubator being the same as the order of census (and numbering), i.e., each series was interdigitated with the others but not randomized.  Owing to the pressure of time and the mounting numbers of things to count, the censuses tended to lag farther and farther behind schedule until, by the 14th week, I was forced to delete the count of eggs in order to catch up.  In the population histories to follow, the “Age” is given in decimal fractions of a week, and is the actual age of each population when it was counted.  Since fresh flour enhances fecundity (Park and Woollcott 1937, Sonleitner 1961), one would expect a somewhat higher egg count on a census coming after an interval of less than one whole week, and conversely.


Symbols. – The symbols used to head the columns are as follows:


E
Eggs


(F)
First-instar larvae. (Parentheses indicate that this count is included in S.)


S
Small larvae


M
Medium larvae


L
Large larvae


P 
Pupae


A 
Adults

The distinction between small and medium larvae was a subjective one.  No measurements were taken, although preserved larvae covering the size ranges in each category were established as criteria.  The large larvae were intended to comprise only the last instar; they were classified under a dissecting microscope by the relative size of the head capsule.  Most large larvae were quiescent “prepupae.”  Photographs of these larval categories are given in the unpublished thesis (Lloyd 1957).


Weekly counts of dead stages are also given for these populations, coded by subscripted symbols, as follows:

LC
Large larvae which had been partially cannibalized.  They evidently do not become vulnerable until just prior to pupation; partially eaten medium larvae were never found.

PC
Pupae, cannibalized.  This count is inevitably biased downwards, because many of the carcasses were more than half eaten.  Heads and tails were assembled to give a minimum estimate.

YC
Young adults, partially cannibalized.  All were callow; fully-pigmented adults apparently suffer no predation.  Callow adults are almost never more than half destroyed in one week, under these conditions.
YCf
Young adults, partially cannibalized, which also failed to eclose perfectly.  Significantly too many of these tend to occur (judged by contingency, relative to the other categories), suggesting either than pupae having difficulty in eclosing become preferred objects for attack or else that slightly injured pupae go on living but cannot free themselves of the pupal exuviae, or both.

Yf
Young adults which died in the process of eclosion, but without evident marks of injury.

Yd
Young adults, dead from unknown causes.  They were perfectly eclosed and bore no external marks of injury, but might have been injured in some other way (cf. Lloyd and Park 1962).
Ad 
Adults, dead, but fully pigmented and bearing no marks of injury.  Undoubtedly, many of them were relatively young; there were all shades of color represented, and the criterion “fully pigmented” is highly subjective.

Death of pupae owing to failure to eclose perfectly appears to be a frequent phenomenon at this temperature and humidity, and is related to mechanical disturbance, whether by the investigator or by adult beetles or larvae.  Pupae by themselves, even at high density, can usually eclose properly if not disturbed, even at 240c. and 30% relative humidity, in my experience.

Two other symbols are used in the population histories: the dash, indicating that no count was made for that particular category, and the asterisk.  One or two asterisks may appear next to the counts under M, L, or P, denoting one or two dead larvae or pupae (not included in the count) which bore no marks of cannibalism.  Sometimes a “pupa” will acquire the full hardness and pigmentation of an adult, with no progress at all towards eclosion, and die in this condition.  Such an individual was classified under Yf, not as an asterisk in the P column.


Remarkably few dead larvae were found, which suggests that these cultures were not infected with sporozoan parasites (Park 1948).  The dead larvae that did occur did not present the characteristic dark appearance of larvae killed by Adelina infection, except for a few, and microscopical examination of these carcasses never revealed any sporozoans during the 36-week period.  These populations were kept going up until the 76th week, with much less frequent flour changes. By that time, a severe infection had appeared in populations A-9 and A-11, and also low-level infections in A-8, A-12 and B-2. The kinds of sporozoans involved were schizogregarines microsporidians, presumably Triboliocystis and Nosema respectively.  The eugregarine, Adelina, was never seen.


The usual method of initiating laboratory populations of Tribolium has been with a small seeding of adults.  This leads to a relatively high initial peak in adult numbers, followed by long-term oscillations about a somewhat lower average.  In the present study, the populations were started differently, with larvae present as well.  There were 23 S, 8 M, 7 L, and 8 A.  Of the S, 13 were very small (4 to 5 days since hatching) and 10 were larger (13 to 14 days).  Of the 8 A, 4 were callow (0 to 1 day after eclosion) and 4 were older (9 to 10 days), with sexes of each in equal numbers.  This modification was intended to damp the initial peak of providing more crowded conditions at the time the first cohort of progeny appear, and to damp oscillations by assuring a fairly broad range in the age distribution of adults.  Ideally, it was intended that the adult number should rise more or les linearly to its equilibrium level and then maintain that level without further oscillations.  This result was achieved moderately well.


Minor errors in counting or classifying larval stages undoubtedly took place, and sometimes are reflected as internal inconsistencies in the counts.  For example, in population A-7, the 10 M and 6 L recorded on the 3rd week should probably have been 9 M and 7 L, because 7 P appeared on the 4th week, and the 4 P present on the 3rd week are completely accounted for by 2 carcasses and 2 new adults.  (The pupal period in both strains is about 200 hours under these conditions.)  I have presented the data exactly as they appear in the notebook; anyone could make a posteriori corrections himself and, as it is, the internal inconsistencies may provide a rough estimate of reliability.
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POPULATION A-1

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	47
	0
	22
	3
	6
	6
	8
	0
	1
	0
	0
	0
	0
	0

	2.000
	106
	7
	26
	9
	8
	1
	13
	0
	0
	1
	0
	0
	0
	0

	3.000
	105
	17
	47
	18
	2
	8
	14
	0
	0
	0
	0
	0
	0
	0

	4.000
	95
	16
	58
	9
	13
	3
	19
	0
	1
	1
	0
	0
	0
	0

	5.036
	130
	21
	58
	16
	7
	11
	19
	0
	0
	0
	0
	0
	0
	1

	6.125
	152
	13
	62
	18
	11
	8
	24
	0
	3
	0
	0
	1
	0
	0

	7.048
	59
	4
	46
	15
	19
	5
	29
	-
	-
	-
	-
	-
	0
	0

	8.280
	153
	6
	66
	22
	14
	17
	30
	0
	2
	0
	1
	0
	0
	0

	9.161
	169
	14
	76
	18
	16
	16
	35
	0
	1
	1
	1
	1
	0
	0

	10.280
	112
	23
	79
	34
	19
	16
	40
	0
	2
	0
	0
	0
	1
	1

	11.262
	114
	15
	65
	32
	22
	22
	46
	0
	3
	0
	0
	1
	1
	0

	12.262
	135
	12
	67
	29
	24
	22
	50
	0
	5
	0
	1
	0
	1
	1

	13.286
	113
	8
	50
	29
	8
	19
	57
	0
	6
	1
	0
	1
	0
	1

	14.476
	-
	-
	-
	35
	19
	27
	55
	0
	11
	1
	0
	0
	2
	1

	15.149
	206
	10
	51
	27
	27
	25
	56
	0
	2
	0
	1
	4
	0
	0

	16.131
	200
	30
	75
	24
	23
	19
	59
	0
	6
	1
	1
	2
	1
	0

	17.006
	170
	16
	85
	15
	19
	20
	62
	0
	9
	1
	0
	1
	0
	0

	18.101
	185
	23
	85
	32
	10
	25*
	65
	0
	4
	1
	1
	3
	0
	0

	19.006
	169
	6
	70
	32
	19
	12
	64
	0
	9
	2
	2
	1
	1
	0

	20.018
	220
	13
	71
	41
	17
	11
	65
	0
	5
	1
	1
	1
	0
	1

	21.018
	216
	18
	68
	40
	25
	12
	66
	0
	6
	1
	0
	0
	0
	0

	22.024
	189
	20
	65
	26
	39
	15
	65
	0
	5
	1
	0
	3
	1
	0

	23.006
	203
	18
	60
	22
	36
	20*
	66
	0
	6
	1
	2
	1
	0
	0

	24.018
	254
	11
	52
	24
	25
	28
	65
	0
	12
	2
	0
	0
	0
	0

	24.958
	286
	17
	51
	22
	21
	25*
	67
	0
	9
	2
	2
	2
	1
	0

	26.113
	253
	30
	66
	22
	16
	19
	67
	0
	7
	2
	1
	2
	0
	1

	27.119
	252
	35
	78
	23
	12
	16
	71
	0
	6
	1
	0
	2
	0
	0

	28.149
	379
	31
	94
	16
	15
	16
	68
	0
	4
	1
	0
	3
	2
	1

	29.018
	329
	43
	116
	18
	10
	17
	68
	1
	3
	1
	0
	2
	0
	1

	30.036
	309
	32
	126
	27
	9
	13
	69
	0
	5
	0
	3
	0
	0
	0

	30.976
	305
	22
	114
	37
	11
	8
	69
	-
	-
	-
	-
	-
	-
	-

	32.006
	259
	20
	106
	56
	12
	13
	69
	-
	-
	-
	-
	-
	-
	-

	32.970
	-
	8
	89
	60
	25
	9
	68
	-
	-
	-
	-
	-
	-
	-

	33.964
	-
	11
	59
	59
	30
	22
	66
	-
	-
	-
	-
	-
	-
	-

	35.012
	-
	10
	43
	55
	36
	24
	67
	-
	-
	-
	-
	-
	1
	1

	36.018
	196
	28
	69
	43
	32
	29
	69
	-
	-
	-
	-
	-
	0
	0


March, 1965
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POPULATION A-2

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	37
	0
	23
	1
	9
	6
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	112
	10
	32
	7
	7
	3
	14
	0
	0
	0
	0
	0
	0
	0

	3.000
	96
	12
	52
	13
	8
	6
	17
	0
	0
	0
	0
	0
	0
	0

	4.000
	109
	13
	70
	19
	10
	6
	22
	0
	0
	1
	0
	0
	0
	1

	5.036
	206
	7
	70
	17
	11
	8
	22
	0
	0
	0
	0
	0
	0
	0

	6.125
	176
	18
	80
	27
	11
	9
	27
	0
	1
	0
	0
	0
	0
	0

	7.048
	85
	6
	65
	34
	14
	6*
	26
	0
	2
	0
	0
	1
	0
	2

	8.280
	121
	7
	52
	27
	30
	14
	30
	0
	2
	0
	0
	1
	0
	0

	9.161
	200
	14
	51
	13
	32
	28
	28
	0
	3
	0
	0
	0
	0
	1

	10.280
	163
	15
	65
	19
	18
	26
	34
	0
	13
	1
	1
	0
	0
	0

	11.262
	212
	27
	84
	14
	16
	19
	43
	0
	5
	1
	0
	3
	0
	2

	12.262
	238
	19
	86
	21
	8*
	14
	47
	0
	8
	1
	0
	0
	1
	3

	13.286
	244
	20
	94
	30
	12
	13
	47
	0
	2
	1
	0
	2
	0
	0

	14.476
	-
	-
	-
	49
	15
	10
	51
	0
	4
	2
	0
	1
	0
	0

	15.149
	253
	8
	70
	39
	25
	10
	50
	0
	0
	0
	0
	3
	0
	1

	16.131
	230
	20
	63
	37
	37
	14
	48
	0
	7
	2
	0
	0
	1
	1

	17.006
	160
	21
	48
	44
	22
	24
	50
	0
	6
	0
	0
	1
	0
	0

	18.101
	179
	20
	68
	28
	27
	25
	53
	0
	10
	1
	1
	3
	1
	0

	19.006
	200
	20
	74
	22
	27
	21
	55
	0
	5
	3
	0
	4
	0
	1

	20.018
	266
	8
	56
	22
	16
	26
	55
	0
	6
	0
	2
	1
	0
	1

	21.018
	200
	26
	76
	23
	19
	15
	56
	0
	6
	3
	1
	5
	0
	1

	22.024
	197
	14
	61
	26
	21
	12
	55
	0
	5
	1
	2
	1
	3
	0

	23.006
	190
	16
	55
	22
	22
	13
	56
	0
	4
	1
	1
	1
	0
	1

	24.018
	161
	7
	44
	17
	20
	17
	53
	0
	6
	1
	0
	1
	0
	3

	24.958
	182
	10
	40
	18
	20
	16
	53
	0
	7
	0
	0
	4
	0
	1

	26.113
	264
	22
	59
	15
	8
	13
	54
	0
	3
	1
	1
	3
	1
	0

	27.119
	197
	24
	71
	17
	11
	4
	56
	0
	3
	1
	1
	2
	0
	0

	28.149
	141
	8
	62
	9
	16
	6
	55
	0
	1
	0
	0
	1
	0
	2

	29.018
	117
	11
	63
	17
	15
	9
	54
	0
	2
	0
	0
	0
	0
	1

	30.036
	122
	7
	38
	26
	9
	11
	51
	0
	3
	1
	0
	0
	1
	4

	30.976
	113
	14
	37
	27
	10
	8
	50
	-
	-
	1
	-
	-
	-
	-

	32.006
	69
	6
	34
	25
	18
	4
	47
	-
	-
	-
	-
	-
	-
	-

	32.970
	-
	3
	30
	19
	11
	13
	46
	-
	-
	-
	-
	-
	-
	-

	33.964
	-
	6
	33
	15
	13
	15
	47
	-
	-
	-
	-
	1
	0
	1

	35.012
	-
	5
	42
	19
	11
	14
	50
	-
	-
	-
	-
	-
	0
	1

	36.018
	27
	4
	44
	15
	10
	10
	48
	-
	-
	-
	-
	-
	2
	3







Notes – Research




TIB-8

POPULATION A-3

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	57
	0
	20
	0
	8
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	110
	7
	26
	8
	7
	3
	13
	0
	0
	1
	0
	0
	0
	0

	3.000
	129
	15
	43
	11
	8
	6
	15
	0
	0
	0
	0
	0
	0
	0

	4.000
	129
	16
	70
	11
	9
	4
	17
	0
	2
	0
	0
	0
	0
	2

	5.036
	149
	12
	68
	14
	8
	9
	19
	0
	0
	0
	0
	0
	0
	0

	6.125
	115
	19
	79
	17
	10
	8
	23
	0
	1
	0
	0
	1
	1
	0

	7.048
	113
	5
	56
	19
	16
	5
	25
	0
	1
	2
	0
	0
	0
	1

	8.280
	120
	10
	56
	26
	25
	11
	25
	1
	2
	0
	1
	0
	0
	1

	9.161
	147
	15
	77
	16
	26
	18
	26
	0
	2
	0
	0
	1
	0
	1

	10.280
	87
	16
	85
	23
	17
	27
	30
	0
	2
	2
	1
	3
	0
	0

	11.262
	155
	9
	74
	31
	18
	28
	34
	0
	7
	1
	1
	0
	0
	1

	12.262
	157
	12
	59
	34
	27
	21
	40
	0
	3
	2
	1
	4
	1
	0

	13.286
	209
	15
	52
	38
	20
	21
	47
	0
	5
	3
	0
	0
	0
	0

	14.476
	-
	-
	-
	33
	22
	25
	53
	0
	7
	0
	0
	1
	0
	0

	15.149
	215
	4
	35
	29
	26
	19
	53
	0
	7
	1
	0
	3
	2
	0

	16.131
	328
	18
	40
	21
	22
	22
	57
	0
	8
	2
	0
	1
	0
	0

	17.006
	342
	30
	78
	16
	17
	20
	60
	0
	7
	1
	0
	2
	0
	0

	18.101
	336
	29
	103
	12
	14
	14*
	63
	0
	10
	0
	0
	0
	0
	0

	19.006
	408
	40
	134
	8
	12
	12*
	63
	0
	5
	0
	1
	2
	1
	0

	20.018
	476
	35
	130
	32
	4
	14
	65
	0
	5
	0
	0
	1
	0
	0

	21.018
	289
	27
	127
	43
	13
	5
	67
	0
	4
	1
	0
	1
	0
	0

	22.024
	202
	12
	95
	34
	29
	4
	68
	0
	2
	0
	0
	2
	0
	0

	23.006
	214
	6
	65
	41
	38
	12
	68
	1
	3
	0
	0
	1
	0
	0

	24.018
	227
	15
	47
	58
	31
	32
	66
	0
	4
	0
	0
	0
	0
	2

	24.958
	217
	26
	53
	39
	45
	30
	66
	0
	8
	0
	2
	3
	0
	0

	26.113
	171
	13
	52
	22
	60
	26
	68
	0
	13
	1
	3
	1
	1
	1

	27.119
	214
	17
	57
	15
	40
	37
	68
	0
	11
	0
	1
	3
	1
	1

	28.149
	343
	13
	56
	19
	17
	42
	69
	0
	20
	0
	2
	3
	0
	1

	29.018
	346
	37
	74
	32
	10
	29
	72
	0
	13
	0
	2
	3
	1
	1

	30.036
	299
	25
	71
	25
	12
	10
	71
	0
	12
	4
	3
	3
	3
	2

	30.976
	278
	21
	73
	21*
	19
	3
	71
	0
	7
	2
	0
	0
	0
	3

	32.006
	304
	24
	70
	28
	18
	12
	68
	-
	-
	-
	-
	-
	-
	-

	32.970
	-
	10
	78
	27
	9
	16
	65
	-
	-
	-
	-
	-
	-
	-

	33.964
	-
	6
	62
	36
	15
	7
	63
	-
	-
	-
	-
	-
	0
	3

	35.012
	-
	10
	65
	30
	21
	9
	63
	-
	-
	-
	-
	-
	0
	3

	36.018
	213
	12
	53
	35
	21
	18
	59
	-
	-
	-
	-
	-
	1
	3


March, 1965



Notes – Research






POPULATION A-4

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	61
	0
	20
	1
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	133
	3
	17
	10
	3
	5
	12
	0
	1
	2
	0
	0
	0
	0

	3.000
	139
	17
	45
	11
	8
	5
	14
	0
	0
	0
	0
	0
	0
	0

	4.000
	163
	18
	61
	5
	12
	5
	14
	0
	2
	1
	0
	0
	0
	2

	5.036
	176
	15
	77
	7
	4
	14
	14
	0
	1
	0
	0
	0
	0
	0

	6.125
	186
	28
	103
	17
	7
	3
	22
	0
	6
	0
	1
	1
	0
	0

	7.048
	124
	17
	86
	21
	9
	4
	23
	0
	0
	0
	0
	0
	0
	1

	8.280
	145
	16
	83
	33
	21
	11
	23
	0
	0
	0
	1
	0
	0
	2

	9.161
	131
	21
	92
	33
	26
	19
	26
	0
	0
	0
	2
	0
	0
	0

	10.280
	110
	11
	81
	34*
	24
	27
	30
	0
	4
	0
	0
	1
	1
	1

	11.262
	191
	19
	78
	35
	30
	21
	40
	0
	8
	0
	1
	1
	0
	0

	12.262
	212
	18
	72
	40
	26
	33
	46
	0
	5
	2
	3
	1
	0
	1

	13.286
	248
	16
	70
	37
	32
	22
	57
	0
	6
	2
	1
	1
	1
	0

	14.476
	-
	-
	-
	37
	31
	29
	64
	0
	3
	3
	1
	0
	0
	0

	15.149
	225
	14
	56
	32
	27
	28
	66
	0
	9
	0
	0
	3
	0
	2

	16.131
	253
	9
	43
	29
	22
	27
	67
	0
	10
	1
	1
	0
	1
	3

	17.006
	258
	13
	45
	23
	25
	21
	67
	0
	8
	1
	0
	2
	2
	0

	18.101
	306
	36
	76
	19
	14*
	25
	67
	0
	10
	1
	1
	0
	1
	1

	19.006
	459
	22
	88
	19
	10
	21
	68
	0
	6
	1
	2
	0
	0
	1

	20.018
	386
	29
	104
	22
	14
	9
	68
	0
	7
	1
	0
	5
	0
	1

	21.018
	385
	18
	83
	30
	14
	10
	68
	0
	5
	0
	1
	0
	0
	1

	22.024
	304
	12
	80
	32
	16
	9
	69
	0
	3
	0
	0
	1
	0
	1

	23.006
	284
	17
	68
	34
	28
	11
	66
	0
	3
	2
	0
	0
	1
	2

	24.018
	308
	15
	59
	41
	22
	10
	66
	0
	5
	0
	0
	2
	0
	0

	24.958
	295
	23
	46
	25
	27
	29*
	66
	1
	1
	0
	2
	1
	0
	0

	26.113
	397
	26
	63
	14
	22
	29
	74
	0
	5
	0
	1
	2
	0
	1

	27.119 
	362
	32
	78
	17
	23
	19
	75
	0
	5
	3
	2
	3
	2
	0

	28.149
	444
	37
	89
	18
	12
	18
	77
	0
	4
	0
	4
	0
	1
	1

	29.018
	374
	43
	95
	21
	7
	18
	75
	0
	6
	0
	0
	1
	1
	1

	30.036
	372
	31
	85
	25
	15
	7
	75
	0
	9
	1
	0
	1
	1
	2

	30.976
	400
	17
	68
	25
	15
	8
	73
	-
	-
	-
	-
	-
	-
	-

	32.006
	323
	19
	73
	33
	11
	11
	72
	-
	-
	-
	-
	-
	-
	-

	32.970
	-
	24
	68
	35
	11
	15
	69
	-
	-
	-
	-
	-
	-
	-

	33.964
	-
	21
	49
	34
	19
	17
	70
	-
	-
	-
	-
	2
	0
	1

	35.012
	-
	10
	49
	21
	26
	15
	71
	-
	-
	-
	-
	-
	0
	1

	36.018
	370
	27
	63
	23
	21
	21
	69
	-
	-
	-
	-
	-
	0
	4







Notes – Research




TIB-8

POPULATION A-5

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	46
	-
	18
	3
	8
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	119
	11
	26
	6
	8
	5
	11
	0
	3
	0
	0
	0
	0
	0

	3.000
	140
	16
	55
	8
	7
	9*
	11
	0
	0
	0
	0
	1
	0
	0

	4.000
	193
	13
	80
	6
	10
	6
	16
	0
	0
	0
	0
	0
	0
	0

	5.060
	185
	11
	88
	13
	7
	7
	20
	0
	0
	0
	0
	0
	0
	0

	6.149
	202
	41
	169
	49
	6
	7
	22
	0
	1
	0
	0
	1
	1
	0

	7.113
	105
	8
	60
	35
	24
	3
	23
	0
	1
	0
	0
	2
	0
	0

	8.464
	117
	2
	43
	34
	26
	21
	24
	0
	0
	0
	0
	1
	0
	1

	9.393
	176
	19
	54
	34
	22
	32
	25
	0
	2
	0
	0
	0
	0
	0

	10.280
	173
	18
	74
	22
	22
	24
	39
	0
	6
	0
	2
	3
	0
	0

	11.286
	218
	19
	122
	16
	14
	34*
	48
	0
	3
	0
	0
	0
	0
	0

	12.328
	282
	26
	118
	33
	8
	22
	56
	0
	7
	2
	0
	2
	1
	0

	13.554
	244
	13
	95
	54
	18
	11
	57
	0
	8
	1
	1
	4
	2
	1

	14.560
	-
	-
	-
	66
	30
	12
	55
	0
	5
	0
	1
	0
	2
	1

	15.256
	198
	9
	50
	56
	34
	27
	54
	0
	3
	0
	0
	0
	0
	0

	16.452
	163
	7
	44
	47
	47
	18
	57
	0
	8
	2
	0
	3
	0
	0

	17.018
	252
	8
	42
	32
	35
	40*
	60
	0
	1
	2
	1
	1
	0
	1

	18.030
	295
	17
	51
	22
	27
	42
	63
	0
	16
	0
	0
	1
	0
	0

	19.000
	325
	28
	91
	21
	20*
	25
	68
	0
	16
	1
	1
	2
	3
	2

	20.030
	296
	23
	87
	17
	18
	26
	71
	0
	3
	1
	0
	3
	0
	1

	21.119
	394
	25
	86
	18
	16
	17
	72
	0
	8
	1
	0
	2
	1
	4

	21.976
	257
	23
	80
	26
	13
	12
	71
	0
	5
	3
	0
	1
	0
	1

	22.982
	292
	14
	66
	26
	19
	15
	69
	0
	4
	1
	1
	0
	0
	2

	23.970
	250
	11
	49
	24
	25
	10
	69
	0
	12
	0
	0
	0
	1
	0

	25.012
	284
	12
	40
	24
	24
	14
	68
	0
	4
	0
	0
	2
	0
	1

	25.988
	357
	16
	35
	25
	22
	16
	70
	1
	4
	0
	0
	1
	0
	0

	27.125
	352
	30
	62
	21
	17
	14
	68
	0
	7
	1
	2
	0
	0
	2

	28.304
	273
	26
	86
	7
	23
	12
	66
	0
	3
	0
	2
	0
	0
	2

	29.143
	336
	14
	84
	6
	16
	17
	65
	0
	3
	0
	0
	2
	0
	1

	30.119
	359
	23
	95
	17
	5
	21
	63
	0
	6
	0
	0
	2
	0
	2

	30.982
	358
	33
	104
	29
	6
	9
	65
	-
	-
	-
	-
	-
	-
	-

	32.006
	246
	4
	83
	39
	9
	6
	62
	-
	-
	1
	-
	-
	-
	-

	33.042
	-
	10
	75
	46
	21
	8
	62
	-
	-
	-
	-
	-
	-
	-

	34.018
	-
	13
	72
	53
	26
	15
	59
	-
	-
	-
	-
	-
	-
	-

	35.125
	-
	5
	51
	48
	30
	25
	59
	-
	-
	-
	1
	-
	0
	1

	36.042
	146
	8
	44
	47
	29
	19
	54
	-
	-
	-
	-
	-
	1
	4


March, 1965



Notes – Research






POPULATION A-6

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	46
	-
	17
	3
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	131
	6
	19
	8
	5
	4
	15
	0
	1
	0
	0
	0
	0
	0

	3.000
	126
	11
	40
	8
	7
	7
	16
	0
	1
	0
	0
	0
	0
	1

	4.000
	176
	24
	58
	1
	10
	7
	18
	0
	1
	0
	0
	0
	1
	0

	5.060
	149
	21
	78
	4
	2
	12
	20
	0
	0
	0
	0
	0
	0
	0

	6.149
	194
	25
	79
	12
	2
	6*
	22
	0
	1
	0
	1
	3
	0
	1

	7.113
	160
	16
	93
	17
	7
	1
	22
	0
	2
	0
	0
	2
	0
	0

	8.464
	107
	5
	74
	26
	16
	5
	23
	0
	0
	0
	0
	0
	0
	0

	9.393
	120
	14
	80
	20
	21
	10
	23
	0
	1
	1
	0
	0
	0
	1

	10.280
	92
	6
	51
	32
	27
	11
	25
	0
	3
	1
	1
	0
	0
	1

	11.286
	119
	16
	60
	35
	20
	27
	27
	0
	5
	0
	1
	3
	0
	2

	12.328
	139
	15
	67
	22
	32
	20
	34
	0
	6
	1
	0
	2
	0
	0

	13.554
	178
	26
	86
	23
	19
	31
	40
	0
	4
	0
	0
	4
	0
	1

	14.560
	-
	-
	-
	26
	19
	23
	42
	0
	12
	3
	0
	0
	0
	0

	15.256
	199
	7
	42
	38
	25
	9
	46
	0
	9
	1
	1
	2
	0
	0

	16.452
	205
	13
	48
	36
	26
	18
	49
	0
	6
	1
	0
	0
	0
	1

	17.018
	174
	13
	49
	40
	22
	16
	54
	0
	2
	0
	0
	2
	0
	0

	18.030
	188
	12
	49
	23
	30
	22
	55
	0
	5
	2
	0
	2
	1
	0

	19.000
	261
	14
	55
	23
	19
	25
	56
	0
	4
	0
	0
	0
	1
	4

	20.030
	261
	15
	52
	19
	15
	23*
	57
	1
	8
	0
	0
	2
	2
	0

	21.119
	254
	25
	80
	18
	8
	13*
	57
	0
	7
	0
	1
	4
	0
	0

	21.976
	257
	15
	71
	13
	14
	10
	63
	0
	3
	0
	3
	1
	0
	0

	22.982
	302
	17
	78
	10
	13
	12
	61
	0
	5
	1
	1
	1
	1
	1

	23.970
	243
	24
	77
	22
	11
	10
	62
	0
	1
	1
	1
	1
	1
	0

	25.012
	192
	14
	55
	33
	14
	8
	60
	0
	4
	0
	0
	1
	1
	2

	25.988
	231
	10
	41
	29
	22
	11
	60
	0
	1
	2
	0
	0
	0
	0

	27.125
	253
	13
	48
	26
	24
	13
	60
	0
	7
	0
	0
	0
	0
	0

	28.304
	301
	16
	57
	12
	22
	20
	59
	0
	8
	1
	2
	0
	1
	1

	29.143
	266
	20
	68
	12
	17
	19
	62
	0
	6
	0
	0
	0
	0
	1

	30.119
	257
	14
	60
	20
	14
	14
	60
	0
	8
	0
	1
	2
	1
	3

	30.982
	284
	23
	79
	26
	9
	12
	58
	-
	-
	1
	-
	-
	-
	-

	32.006
	212
	12
	86
	26
	15
	8
	58
	-
	-
	-
	-
	-
	-
	-

	33.042
	-
	16
	74
	38
	14
	17
	55
	-
	-
	-
	-
	-
	-
	-

	34.018
	-
	12
	62
	50
	18
	13
	54
	-
	-
	-
	-
	-
	-
	-

	35.125
	-
	11
	72
	49
	28
	11
	58
	-
	-
	-
	-
	-
	0
	3

	36.042
	159
	10
	48
	35
	31
	19
	54
	-
	-
	-
	-
	1
	0
	4







Notes – Research




TIB-8

POPULATION A-7

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	57
	-
	17
	3
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	161
	17
	29
	9
	4
	5
	12
	0
	3
	0
	0
	0
	0
	0

	3.000
	141
	11
	34
	10
	6
	4
	14
	0
	2
	0
	0
	0
	0
	0

	4.000
	166
	24
	64
	5
	10
	7
	17
	0
	0
	0
	0
	0
	0
	1

	5.060
	163
	18
	64
	9
	4
	6
	16
	0
	3
	0
	0
	0
	2
	0

	6.149
	165
	28
	71
	14
	4
	7
	19
	0
	1
	0
	0
	1
	0
	0

	7.113
	157
	15
	65
	21
	8
	6
	20
	0
	1
	0
	0
	0
	2
	0

	8.464
	131
	7
	58
	19
	14
	11
	23
	0
	0
	0
	0
	1
	0
	1

	9.393
	142
	9
	49
	22
	16
	15
	23
	0
	5
	0
	0
	0
	0
	0

	10.280
	152
	8
	50
	16
	21
	14
	25
	0
	5
	1
	1
	1
	0
	0

	11.286
	119
	14
	53
	22
	20
	19
	28
	0
	1
	1
	0
	0
	1
	1

	12.328
	179
	13
	54
	19
	17
	23
	32
	0
	3
	4
	0
	0
	0
	0

	13.554
	187
	11
	46
	21
	18
	16
	42
	0
	3
	1
	0
	2
	0
	0

	14.560
	-
	-
	-
	26
	14
	17
	46
	0
	1
	0
	1
	0
	0
	0

	15.256
	227
	15
	54
	26
	19
	16
	47
	0
	2
	0
	1
	0
	2
	0

	16.452
	245
	25
	66
	25
	16
	16
	48
	0
	5
	0
	0
	0
	1
	2

	17.018
	241
	15
	66
	18
	20*
	14
	49
	0
	3
	0
	1
	3
	0
	0

	18.030
	265
	28
	82
	22
	12
	13
	51
	1
	8
	0
	0
	1
	0
	0

	19.000
	286
	16
	83
	26
	11
	12*
	53
	0
	5
	0
	0
	2
	1
	0

	20.030
	280
	27
	84
	32
	20
	9
	54
	0
	8
	0
	0
	0
	0
	1

	21.119
	253
	21
	78
	32
	30*
	14
	52
	0
	5
	5
	0
	0
	0
	2

	21.976
	221
	16
	67
	36
	27
	17
	51
	0
	4
	1
	0
	1
	0
	1

	22.982
	233
	4
	50
	23
	24
	26
	52
	0
	4
	1
	2
	0
	0
	0

	23.970
	270
	19
	47
	30
	18
	26
	53
	0
	10
	0
	4
	4
	0
	0

	25.012
	282
	14
	63
	25
	17
	18
	59
	0
	8
	0
	1
	2
	1
	0

	25.988
	367
	18
	57
	25
	21
	13
	56
	0
	7
	3
	0
	2
	1
	1

	27.125
	354
	23
	70
	26
	15
	18
	55
	0
	2
	0
	4
	2
	1
	0

	28.304
	332
	21
	76
	27
	15
	16
	54
	0
	7
	1
	1
	5
	1
	2

	29.143
	364
	24
	69
	21
	23
	11
	52
	0
	2
	1
	2
	1
	1
	1

	30.119
	352
	25
	73
	20
	20
	17
	51
	0
	3
	2
	1
	1
	0
	1

	30.982
	314
	23
	62
	23
	19
	17
	51
	-
	-
	1
	-
	-
	-
	-

	32.006
	379
	27
	78
	25
	9
	20
	53
	-
	-
	-
	-
	-
	-
	-

	33.042
	-
	15
	82
	30
	15
	10
	55
	-
	-
	-
	-
	-
	-
	-

	34.018
	-
	11
	96
	29
	14
	13
	54
	-
	-
	-
	-
	-
	-
	-

	35.125
	-
	15
	87
	33
	20
	14
	54
	-
	-
	-
	-
	-
	0
	3

	36.042
	201
	15
	85
	45
	17
	9
	50
	-
	-
	-
	-
	-
	0
	4


March, 1965



Notes – Research






POPULATION A-8

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	51
	-
	24
	1
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	114
	5
	33
	5
	8
	3
	12
	0
	1
	1
	0
	0
	0
	1

	3.000
	115
	13
	71
	13
	4
	9
	12
	0
	1
	0
	0
	0
	0
	1

	4.000
	106
	18
	72
	10
	12
	7
	14
	0
	0
	0
	0
	1
	1
	0

	5.060
	110
	12
	87
	19
	10
	9
	18
	0
	1
	0
	0
	0
	0
	0

	6.149
	118
	19
	80
	36
	8
	10
	26
	0
	0
	0
	0
	0
	1
	0

	7.113
	104
	6
	73
	39
	19
	5
	31
	0
	3
	0
	0
	0
	0
	0

	8.464
	118
	7
	64
	26
	23
	28
	31
	0
	3
	0
	0
	0
	0
	1

	9.393
	134
	18
	71
	29
	20
	36
	38
	0
	5
	0
	0
	0
	0
	0

	10.280
	189
	26
	77
	31
	20
	21
	52
	0
	9
	0
	0
	0
	1
	1

	11.286
	224
	9
	81
	27
	23
	22
	60
	0
	4
	0
	0
	0
	1
	1

	12.328
	231
	10
	59
	46
	17
	25
	64
	0
	8
	2
	2
	0
	0
	0

	13.554
	211
	6
	60
	40
	20
	23
	68
	0
	12
	0
	1
	2
	1
	0

	14.560
	-
	-
	-
	44
	28
	16
	66
	0
	10
	2
	2
	1
	1
	1

	15.256
	233
	14
	49
	32
	31
	22
	69
	0
	4
	1
	1
	2
	0
	0

	16.452
	308
	14
	58
	31
	22
	21
	71
	0
	13
	0
	0
	1
	0
	0

	17.018
	354
	25
	70
	27
	19
	27
	73
	0
	2
	0
	0
	4
	0
	1

	18.030
	310
	29
	89
	31
	18
	17
	73
	0
	15
	2
	0
	4
	0
	1

	19.000
	302
	18
	92
	24
	25
	13
	76
	0
	3
	1
	0
	1
	0
	0

	20.030
	298
	11
	76
	30
	25
	14
	75
	0
	7
	0
	0
	0
	1
	0

	21.119
	295
	12
	63
	36
	26
	18
	75
	0
	12
	1
	0
	1
	0
	0

	21.976
	263
	16
	56
	37
	24
	16
	74
	0
	8
	1
	0
	1
	0
	2

	22.982
	278
	30
	79
	28
	31
	24
	76
	0
	5
	1
	0
	1
	0
	0

	23.970
	326
	29
	92
	22
	24
	25
	78
	0
	9
	0
	4
	1
	0
	1

	25.012
	278
	17
	78
	23
	22
	22
	78
	0
	8
	2
	3
	0
	0
	0

	25.988
	398
	22
	71
	22
	21
	21
	78
	0
	7
	0
	1
	3
	0
	0

	27.125
	339
	25
	74
	30
	25
	15*
	78
	0
	8
	1
	3
	1
	0
	0

	28.304
	316
	36
	102
	30
	22
	15
	77
	0
	5
	0
	4
	1
	0
	3

	29.143
	260
	19
	85
	24
	26
	16
	75
	0
	7
	0
	0
	1
	1
	1

	30.119
	272
	19
	86
	28
	18
	22
	70
	0
	3
	1
	0
	4
	0
	6

	30.982
	300
	17
	88
	29
	15
	20
	66
	-
	-
	1
	-
	-
	-
	-

	32.006
	224
	21
	83
	41
	13
	16
	64
	-
	-
	-
	-
	-
	-
	-

	33.042
	-
	14
	85
	38
	17
	15
	62
	-
	-
	-
	-
	-
	-
	-

	34.018
	-
	8
	73
	42
	14
	24
	59
	-
	-
	-
	-
	-
	-
	-

	35.125
	-
	11
	56
	43
	28
	23
	55
	-
	-
	-
	-
	-
	0
	5

	36.042
	168
	12
	62
	43
	20
	33
	54
	-
	-
	-
	-
	-
	1
	3







Notes – Research




TIB-8

POPULATION A-9

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	65
	0
	11
	7
	8
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	74
	11
	22
	7
	10
	0
	13
	0
	1
	0
	0
	0
	0
	2

	3.000
	134
	9
	45
	8
	4
	12
	12
	0
	0
	0
	0
	0
	0
	1

	4.000
	168
	20
	66
	6
	2
	6
	18
	0
	0
	0
	0
	1
	0
	1

	5.125
	165
	13
	64
	14
	7
	3
	21
	0
	1
	0
	0
	1
	0
	0

	6.220
	125
	21
	75
	23
	7
	7
	22
	0
	0
	0
	0
	0
	0
	0

	7.125
	126
	3
	71
	17
	15
	1
	22
	0
	3
	0
	0
	0
	1
	2

	8.744
	136
	11
	62
	29
	16
	18
	22
	0
	2
	0
	0
	0
	0
	1

	9.387
	159
	11
	54
	31
	23
	20
	24
	0
	0
	0
	0
	1
	0
	0

	10.387
	114
	9
	50
	21
	24
	21
	35
	0
	5
	1
	1
	1
	1
	0

	11.304
	180
	15
	59
	12
	26
	24
	40
	0
	5
	0
	1
	0
	0
	0

	12.351
	268
	22
	68
	20
	14
	19
	51
	0
	11
	1
	0
	0
	0
	0

	13.589
	247
	24
	65
	29
	22
	11
	56
	0
	6
	2
	2
	1
	1
	1

	14.732
	-
	-
	-
	28
	16
	12
	60
	0
	2
	0
	0
	1
	0
	1

	15.310
	290
	13
	64
	25
	17
	14
	63
	0
	1
	0
	0
	0
	0
	0

	16.143
	348
	28
	62
	25
	19
	20
	63
	0
	5
	0
	0
	0
	0
	2

	16.976
	271
	24
	75
	22
	24
	15
	66
	0
	6
	1
	1
	1
	0
	0

	18.006
	317
	22
	97
	19
	16
	16
	68
	0
	4
	1
	0
	4
	1
	1

	19.161
	322
	9
	60
	26
	17
	14
	66
	0
	5
	4
	0
	0
	0
	2

	20.280
	386
	11
	55
	27
	13
	15*
	65
	0
	5
	1
	0
	1
	0
	1

	21.161
	339
	24
	61
	39
	13
	12
	66
	0
	4
	0
	0
	4
	0
	1

	22.030
	233
	7
	52
	27
	23
	9
	64
	0
	1
	0
	0
	0
	0
	0

	23.167
	295
	15
	48
	11
	28
	14
	61
	0
	4
	1
	0
	2
	0
	2

	24.137
	303
	20
	53
	10
	18
	24
	62
	0
	4
	0
	2
	1
	0
	0

	25.149
	308
	42
	88
	8
	12
	17
	68
	0
	8
	2
	0
	3
	0
	1

	26.030
	373
	39
	83
	18
	8
	13
	65
	0
	4
	2
	1
	2
	0
	2

	27.435
	317
	-
	75
	23
	10*
	5
	63
	0
	3
	1
	4
	2
	0
	2

	28.036
	357
	15
	72
	20
	8
	7
	62
	0
	2
	0
	0
	0
	0
	1

	29.137
	336
	31
	91
	22
	14
	7
	61
	0
	2
	0
	0
	2
	0
	1

	29.899
	352
	25
	83
	27
	15
	11
	60
	0
	0
	1
	0
	0
	0
	1

	31.006
	315
	39
	96
	30
	15
	13
	58
	-
	-
	-
	-
	-
	-
	-

	32.012
	268
	20
	84
	35
	15
	10
	59
	0
	3
	2
	1
	2
	-
	-

	33.244
	-
	26
	72
	33
	10
	18
	59
	-
	-
	-
	-
	-
	0
	1

	34.173
	-
	12
	63
	31
	22
	13
	60
	-
	-
	-
	-
	-
	-
	-

	35.173
	-
	8
	60
	30
	17
	15
	61
	-
	-
	-
	-
	-
	0
	2

	36.030
	176
	14
	64
	19
	22
	19
	60
	-
	-
	-
	-
	-
	0
	3


March, 1965



Notes – Research






POPULATION A-10

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	66
	0
	9
	6
	8
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	126
	9
	12
	4
	11
	1
	14
	0
	0
	0
	0
	0
	0
	1

	3.000
	191
	6
	45
	2
	8
	8
	15
	0
	1
	0
	0
	0
	0
	0

	4.000
	209
	17
	71
	2
	2
	7
	15
	0
	4
	0
	0
	1
	0
	1

	5.125
	174
	19
	80
	17
	2
	4
	16
	0
	4
	0
	0
	0
	0
	0

	6.220
	197
	8
	61
	18
	10
	3
	16
	0
	3
	0
	0
	2
	0
	1

	7.125
	93
	9
	52
	28
	21
	2
	17
	0
	0
	0
	0
	0
	0
	0

	8.744
	88
	7
	43
	17
	22
	21
	19
	0
	2
	0
	0
	0
	0
	0

	9.387
	204
	12
	43
	23
	18
	18
	26
	0
	0
	0
	0
	1
	1
	0

	10.387
	158
	20
	65
	22
	18
	19
	34
	0
	7
	0
	0
	1
	0
	0

	11.304
	184
	9
	55
	13
	17
	15
	37
	0
	7
	1
	0
	2
	0
	1

	12.351
	260
	6
	42
	22
	13
	18
	40
	0
	4
	2
	0
	1
	0
	0

	13.589
	216
	32
	74
	27
	13
	15
	48
	0
	4
	0
	0
	0
	1
	0

	14.732
	-
	-
	-
	20
	18
	10
	48
	0
	8
	0
	0
	1
	0
	2

	15.310
	246
	6
	71
	14
	21
	13
	49
	0
	2
	0
	0
	0
	0
	0

	16.143
	255
	9
	47
	36
	14
	20
	48
	0
	4
	0
	0
	0
	1
	2

	16.976
	300
	20
	54
	38
	10
	19
	53
	0
	6
	0
	0
	1
	0
	0

	18.006
	156
	24
	66
	30
	28
	8
	55
	0
	6
	1
	0
	2
	3
	0

	19.161
	165
	5
	48
	13
	30
	26
	56
	0
	1
	0
	1
	0
	1
	0

	20.280
	249
	8
	46
	16
	18
	36*
	54
	0
	4
	0
	1
	2
	0
	2

	21.161
	272
	16
	62
	24
	8
	23*
	57
	0
	13
	2
	2
	3
	0
	0

	22.030
	235
	21
	57
	30
	13
	13
	55
	0
	10
	1
	1
	0
	1
	3

	23.167
	188
	16
	53
	19
	21
	9
	55
	0
	4
	0
	1
	2
	0
	1

	24.137
	234
	16
	42
	12
	21
	13
	53
	0
	5
	1
	0
	0
	1
	1

	25.149
	278
	10
	34
	13
	9
	25
	53
	0
	7
	0
	0
	0
	0
	1

	26.030
	341
	19
	46
	13
	11
	18
	54
	0
	5
	3
	1
	0
	0
	0

	27.435
	256
	38
	87
	15
	10
	8*
	58
	0
	5
	0
	4
	0
	1
	1

	28.036
	261
	15
	75
	13
	9
	8
	57
	0
	4
	0
	1
	0
	1
	1

	29.173
	278
	16
	68
	17
	12
	8
	57
	0
	2
	1
	0
	0
	0
	1

	29.899
	290
	19
	59
	32
	8
	10
	59
	0
	2
	0
	0
	1
	0
	0

	31.006
	315
	22
	72
	35
	10
	8
	59
	-
	-
	-
	-
	-
	-
	-

	32.012
	195
	23
	56
	27
	24
	6
	56
	-
	-
	-
	-
	-
	-
	-

	33.244
	-
	9
	67
	12
	26
	13
	53
	-
	-
	-
	-
	-
	0
	3

	34.173
	-
	11
	57
	24
	11
	26
	53
	-
	-
	-
	-
	-
	-
	-

	35.173
	-
	15
	53
	32
	11
	15
	53
	-
	-
	-
	-
	-
	0
	4

	36.030
	161
	15
	50
	27
	16
	10
	52
	-
	-
	-
	-
	-
	1
	2







Notes – Research




TIB-8

POPULATION A-11

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	60
	1
	9
	8
	7
	7
	7
	0
	0
	0
	0
	0
	0
	1

	2.000
	135
	16
	41
	6
	8
	4*
	11
	0
	0
	0
	0
	0
	1
	0

	3.000
	152
	15
	88
	3
	4
	10
	14
	0
	0
	0
	0
	0
	0
	0

	4.000
	147
	14
	116
	11
	3
	9
	17
	0
	0
	0
	1
	0
	0
	0

	5.125
	154
	1
	67
	56
	4
	4
	20
	0
	4
	0
	0
	1
	0
	1

	6.220
	128
	7
	62
	49
	15
	0
	21
	0
	0
	0
	0
	0
	0
	0

	7.125
	85
	7
	65
	48
	34
	9
	21
	0
	1
	0
	0
	0
	0
	0

	8.744
	100
	3
	52
	26
	43
	37
	25
	0
	4
	0
	1
	1
	0
	0

	9.387
	167
	11
	52
	33
	26
	47
	28
	0
	4
	1
	1
	0
	0
	0

	10.387
	186
	13
	53
	27
	25
	24
	41
	0
	23
	1
	2
	4
	2
	0

	11.304
	197
	18
	76
	16
	29
	23
	47
	0
	8
	3
	1
	0
	2
	0

	12.351
	314
	8
	65
	26
	19
	18
	53
	0
	10
	0
	1
	1
	2
	0

	13.589
	249
	6
	48
	27
	19
	25
	52
	0
	4
	0
	0
	1
	2
	0

	14.732
	-
	-
	-
	37
	17
	14
	55
	0
	4
	0
	0
	1
	0
	0

	15.310
	381
	17
	57
	40
	14
	15
	57
	0
	4
	0
	0
	1
	0
	0

	16.143
	363
	39
	96
	27
	26
	17*
	54
	0
	5
	1
	0
	0
	1
	1

	16.976
	214
	22
	111
	22
	23
	18*
	55
	0
	6
	0
	1
	0
	0
	1

	18.006
	357
	26
	127
	20
	15
	20
	55
	1
	12
	2
	0
	1
	1
	0

	19.161
	319
	15
	115
	36
	15
	21
	56
	0
	4
	1
	0
	3
	1
	0

	20.280
	278
	16
	81
	63
	24
	9*
	53
	0
	9
	0
	1
	1
	0
	5

	21.161
	241
	8
	74
	58
	31
	11*
	53
	0
	3
	0
	0
	0
	0
	1

	22.030
	228
	10
	59
	46
	49
	18
	53
	0
	2
	0
	0
	0
	0
	0

	23.167
	243
	12
	36
	29
	51
	39
	52
	0
	6
	0
	1
	0
	0
	2

	24.137
	305
	14
	33
	27
	32
	37
	52
	0
	16
	0
	3
	2
	1
	0

	25.149
	291
	33
	66
	11
	30
	31
	56
	0
	15
	0
	0
	2
	0
	1

	26.030
	398
	33
	83
	9
	20
	24
	55
	0
	10
	1
	0
	7
	0
	0

	27.435
	401
	45
	131
	6
	9
	19
	52
	0
	9
	1
	2
	4
	1
	3

	28.036
	459
	25
	127
	18
	7
	15
	53
	0
	5
	0
	2
	1
	0
	0

	29.173
	447
	43
	161
	24
	6
	5
	55
	0
	7
	1
	0
	3
	0
	1

	29.899
	318
	30
	146
	43
	11
	4
	57
	1
	1
	0
	0
	1
	0
	0

	31.006
	200
	11
	106
	51
	22
	5
	53
	-
	-
	-
	-
	-
	-
	-

	32.012
	149
	12
	56
	68
	28
	13
	50
	-
	-
	-
	-
	-
	-
	-

	33.244
	-
	13
	45
	42
	46
	22
	46
	-
	-
	-
	-
	-
	0
	4

	34.173
	-
	9
	36
	41
	27
	45
	44
	-
	-
	-
	-
	-
	-
	-

	35.173
	-
	13
	47
	24
	26
	31
	48
	-
	-
	-
	-
	-
	0
	3

	36.030
	217
	12
	46
	25
	15
	30
	51
	-
	-
	-
	-
	-
	2
	4


March, 1965



Notes – Research






POPULATION A-12

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	68
	3
	12
	4
	7
	7
	7
	0
	0
	0
	0
	0
	0
	0

	2.000
	133
	13
	27
	5
	10
	2
	13
	0
	0
	0
	0
	0
	1
	0

	3.000
	117
	15
	55
	5
	4
	10
	14
	0
	0
	0
	0
	0
	0
	1

	4.000
	175
	11
	64
	7
	3
	6
	17
	0
	1
	0
	0
	1
	0
	0

	5.125
	171
	16
	75
	12
	3*
	5
	16
	0
	1
	0
	2
	1
	0
	1

	6.220
	149
	16
	82
	22
	6
	3
	20
	0
	0
	0
	0
	0
	0
	0

	7.125
	118
	10
	66
	22
	12
	2
	20
	0
	1
	0
	0
	0
	0
	0

	8.744
	132
	15
	62
	24
	18
	11
	19
	0
	4
	0
	0
	0
	0
	1

	9.387
	175
	13
	62
	27
	10
	23
	21
	1
	0
	0
	0
	0
	0
	0

	10.387
	134
	11
	63
	29
	26
	11
	29
	0
	7
	1
	0
	0
	2
	1

	11.304
	196
	17
	78
	20
	24
	21*
	34
	1
	5
	1
	0
	2
	0
	1

	12.351
	309
	18
	90
	28
	18
	18
	39
	0
	8
	2
	0
	0
	0
	1

	13.589
	220
	13
	73
	44
	14
	22
	44
	0
	3
	1
	2
	1
	0
	0

	14.732
	-
	-
	-
	37
	19
	15
	51
	0
	10
	1
	0
	1
	0
	0

	15.310
	286
	10
	63
	33
	32
	13
	51
	0
	4
	0
	1
	1
	0
	1

	16.143
	226
	23
	78
	33
	24
	25
	52
	0
	2
	1
	0
	0
	1
	0

	16.976
	286
	22
	81
	31*
	16
	32
	53
	0
	8
	1
	2
	0
	1
	1

	18.006
	244
	40
	102
	26
	25
	18**
	55
	0
	10
	1
	0
	3
	1
	1

	19.161
	290
	13
	90
	30
	24
	21
	54
	0
	7
	0
	0
	2
	1
	2

	20.280
	332
	26
	99
	24
	24
	23
	58
	0
	6
	1
	1
	2
	0
	0

	21.161
	294
	10
	81
	29
	21
	19*
	62
	0
	4
	0
	0
	1
	1
	0

	22.030
	294
	30
	91
	31
	21
	17*
	62
	0
	8
	0
	3
	0
	1
	0

	23.167
	285
	15
	69
	29
	36
	15
	60
	0
	9
	1
	0
	0
	0
	3

	24.137
	286
	18
	66
	31
	30
	16
	58
	0
	6
	1
	0
	1
	0
	0

	25.149
	374
	30
	75
	18
	22
	28
	59
	0
	7
	0
	0
	1
	0
	1

	26.030
	369
	32
	88
	22
	20
	25
	60
	0
	7
	0
	1
	1
	0
	0

	27.435
	368
	25
	102
	31
	14
	21
	60
	0
	10
	0
	1
	3
	3
	3

	28.036
	307
	21
	90
	28
	15
	18
	60
	0
	6
	0
	1
	0
	1
	1

	29.173
	301
	17
	83
	27
	16
	14
	57
	0
	7
	0
	1
	4
	1
	4

	29.899
	287
	15
	75
	41
	17
	11*
	56
	0
	6
	1
	0
	1
	0
	0

	31.006
	294
	20
	81
	43*
	14
	20
	55
	-
	-
	-
	-
	-
	-
	-

	32.012
	200
	20
	110
	39
	24
	14
	56
	-
	-
	-
	-
	-
	-
	-

	33.244
	-
	6
	71
	47
	27
	24
	53
	-
	-
	-
	-
	-
	1
	6

	34.173
	-
	6
	50
	67
	20
	29
	50
	-
	-
	-
	-
	-
	-
	-

	35.173
	-
	9
	48
	50
	36
	23
	52
	-
	-
	-
	-
	-
	1
	6

	36.030
	92
	6
	36
	41
	39
	25
	50
	-
	-
	-
	-
	-
	1
	2







Notes – Research




TIB-8

POPULATION B-1

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	63
	0
	11
	8
	10
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	142
	22
	59
	5
	16
	2
	15
	0
	0
	0
	0
	0
	0
	0

	3.000
	143
	-
	94
	9
	6
	13
	17
	0
	0
	0
	0
	0
	0
	0

	4.000
	122
	15
	98
	31
	9
	7
	24
	0
	2
	0
	0
	0
	0
	0

	5.000
	93
	16
	91
	49
	10
	8
	26
	0
	1
	0
	0
	0
	1
	0

	6.006
	59
	16
	82
	43
	41
	4
	31
	0
	0
	0
	0
	2
	0
	0

	7.066
	69
	5
	73
	43
	38
	19
	32
	0
	2
	1
	0
	0
	0
	0

	8.018
	89
	10
	53
	35
	54
	16
	32
	0
	8
	0
	0
	0
	0
	0

	9.125
	136
	17
	63
	29
	38
	36
	36
	2
	6
	0
	0
	3
	1
	0

	10.256
	107
	14
	71
	32
	27
	20
	45
	0
	19
	0
	2
	5
	0
	0

	11.268
	113
	6
	56
	22*
	34
	16
	47
	0
	15
	0
	0
	2
	2
	0

	12.244
	198
	7
	55
	32
	23
	20
	49
	4
	12
	0
	1
	0
	0
	0

	13.304
	156
	6
	35
	40
	27
	11
	53
	1
	11
	1
	0
	1
	0
	1

	14.471
	-
	-
	-
	39
	25
	6
	54
	2
	7
	1
	0
	2
	0
	0

	15.054
	206
	14
	41
	34
	32
	11
	55
	0
	1
	0
	0
	0
	0
	0

	16.119
	191
	10
	50
	22
	34
	14
	56
	1
	7
	1
	1
	0
	0
	0

	16.994
	238
	9
	34
	24
	29
	17
	56
	1
	9
	1
	0
	0
	0
	0

	18.048
	198
	18
	54
	23
	21
	14
	58
	0
	10
	0
	0
	4
	0
	0

	19.046
	247
	19
	64
	24
	20
	14**
	61
	0
	4
	1
	0
	1
	0
	0

	20.129
	273
	14
	79
	20
	17
	11
	63
	1
	6
	0
	0
	1
	0
	1

	21.159
	160
	25
	95
	21
	19
	11
	65
	0
	4
	2
	0
	1
	1
	0

	21.968
	192
	22
	115
	22
	18
	12
	65
	0
	2
	0
	2
	0
	1
	1

	23.028
	203
	22
	105
	27
	24
	10
	65
	0
	5
	1
	0
	0
	1
	0

	24.028
	150
	2
	70
	43
	24
	10
	64
	0
	5
	0
	0
	0
	1
	1

	24.957
	155
	5
	52
	47
	38
	12
	63
	0
	4
	0
	0
	0
	0
	0

	26.017
	159
	18
	46
	49
	35
	14
	63
	0
	5
	0
	1
	0
	0
	1

	26.969
	169
	4
	32
	43
	37
	20
	64
	0
	5
	1
	0
	0
	0
	0

	27.993
	173
	17
	45
	27
	42
	22
	64
	0
	5
	0
	2
	0
	1
	0

	28.993
	219
	10
	40
	21
	35*
	18
	66
	1
	7
	0
	4
	2
	0
	1

	30.106
	249
	20
	63
	17
	18
	24
	67
	3
	9
	1
	1
	1
	0
	0

	30.957
	306
	18
	68
	22
	12
	14
	70
	-
	-
	1
	-
	-
	-
	-

	31.957
	228
	16
	72
	28
	13
	9
	72
	-
	-
	-
	-
	-
	-
	-

	33.017
	-
	11
	62
	33
	14
	6
	75
	-
	-
	-
	-
	-
	-
	-

	34.035
	-
	11
	58
	33
	19
	7
	73
	-
	-
	-
	-
	-
	1
	2

	35.053
	-
	6
	41
	37
	26
	12
	68
	-
	-
	-
	-
	-
	0
	5

	36.035
	157
	14
	40
	45
	18
	17
	66
	-
	-
	-
	-
	-
	0
	2


March, 1965



Notes – Research






POPULATION B-2

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	11
	0
	13
	11
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	85
	6
	19
	6
	16
	2
	14
	0
	0
	0
	0
	0
	0
	1

	3.000
	109
	10
	46
	13
	3
	10
	16
	1
	1
	0
	0
	0
	0
	0

	4.000
	170
	24
	92
	11
	9
	6
	17
	0
	6
	0
	0
	0
	0
	0

	5.000
	91
	3
	88
	24
	8
	6
	19
	0
	0
	0
	0
	1
	0
	0

	6.006
	69
	10
	80
	37
	16
	6
	21
	0
	2
	0
	0
	0
	0
	0

	7.066
	81
	9
	69
	44
	24
	4
	24
	0
	2
	0
	0
	1
	0
	0

	8.018
	59
	10
	52
	44
	39
	11
	24
	0
	3
	0
	0
	0
	0
	0

	9.125
	93
	6
	45
	31
	48
	26
	28
	0
	1
	0
	0
	1
	0
	0

	10.256
	81
	6
	34
	33
	39
	28
	33
	0
	11
	0
	1
	2
	1
	1

	11.268
	108
	11
	28
	20
	31
	33
	40
	0
	11
	2
	1
	1
	1
	1

	12.244
	131
	18
	43
	13
	35
	22
	48
	0
	12
	1
	2
	1
	0
	1

	13.304
	158
	20
	62
	5
	26
	25
	53
	1
	2
	1
	1
	0
	1
	1

	14.471
	-
	-
	-
	20
	12
	16
	56
	1
	17
	1
	1
	1
	1
	1

	15.054
	241
	23
	85
	28
	8
	16
	57
	1
	2
	0
	0
	0
	0
	0

	16.119
	146
	4
	75
	37
	14
	8
	57
	1
	8
	1
	1
	1
	1
	1

	16.994
	117
	8
	64
	45
	20
	2
	58
	0
	5
	0
	0
	1
	0
	0

	18.048
	114
	13
	34
	59
	27
	10
	57
	1
	2
	0
	0
	0
	0
	0

	19.046
	140
	9
	25
	47
	40
	13
	58
	0
	3
	0
	0
	2
	0
	0

	20.129
	145
	8
	27
	22
	50
	15
	58
	0
	8
	0
	0
	1
	1
	0

	21.159
	194
	7
	27
	11
	42*
	26
	57
	0
	6
	0
	0
	1
	0
	1

	21.968
	243
	16
	49
	14
	23*
	36*
	59
	0
	4
	0
	0
	2
	0
	0

	23.028
	234
	39
	86
	10
	17
	21*
	62
	0
	20
	0
	0
	3
	1
	0

	24.028
	288
	22
	96
	17
	5
	12
	62
	0
	11
	1
	0
	2
	1
	2

	24.957
	290
	23
	131
	16
	14
	9
	57
	0
	4
	0
	0
	1
	1
	4

	26.017
	195
	7
	117
	35
	11
	5
	60
	0
	4
	1
	0
	0
	0
	1

	26.969
	173
	2
	88
	59
	17
	5
	60
	0
	3
	1
	0
	1
	1
	1

	27.993
	143
	14
	71
	80
	24
	8
	58
	0
	3
	0
	0
	0
	1
	2

	28.993
	71
	10
	52
	77
	40
	13
	55
	2
	1
	0
	0
	0
	1
	2

	30.106
	91
	4
	41
	49
	57
	20
	55
	0
	5
	1
	0
	0
	1
	1

	30.957
	100
	2
	19
	45
	59
	25
	54
	-
	-
	-
	-
	-
	-
	-

	31.957
	139
	10
	20
	36
	41
	37
	57
	-
	-
	-
	-
	-
	-
	-

	33.017
	-
	18
	48
	22
	29
	29
	56
	-
	-
	-
	-
	-
	-
	-

	34.035
	-
	6
	43
	17
	24
	26
	62
	-
	-
	-
	-
	-
	1
	3

	35.053
	-
	8
	50
	28
	11
	28
	66
	-
	-
	-
	-
	-
	0
	2

	36.035
	188
	25
	85
	29
	14
	7
	73
	-
	-
	-
	-
	-
	0
	5







Notes – Research




TIB-8

POPULATION B-3

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	57
	0
	12
	7
	11
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	140
	11
	24
	6
	15
	2
	12
	0
	1
	0
	0
	0
	0
	3

	3.000
	100
	28
	89
	8
	5
	10
	12
	0
	0
	0
	0
	0
	0
	1

	4.000
	141
	18
	107
	19
	6
	6
	15
	0
	5
	0
	0
	0
	0
	0

	5.000
	99
	6
	94
	39
	10
	6
	17
	0
	1
	0
	0
	1
	1
	0

	6.006
	68
	15
	79
	42
	24
	5
	18
	0
	4
	0
	0
	1
	0
	0

	7.066
	57
	8
	46
	52
	45
	5
	19
	0
	4
	0
	0
	0
	0
	0

	8.018
	72
	7
	45
	40
	43
	23
	20
	0
	2
	0
	0
	0
	0
	0

	9.125
	68
	1
	33
	23
	44
	22
	23
	0
	5
	0
	2
	1
	1
	0

	10.256
	140
	15
	40
	26
	14
	52
	28
	0
	4
	0
	1
	1
	1
	2

	11.268
	123
	17
	75
	13
	24
	25
	49
	1
	6
	1
	0
	5
	1
	0

	12.244
	174
	4
	73
	16
	20
	13
	66
	2
	1
	3
	0
	0
	2
	0

	13.304
	186
	15
	73
	26
	17
	8
	70
	0
	8
	1
	0
	0
	0
	0

	14.471
	-
	-
	-
	46
	21
	10
	67
	0
	5
	0
	0
	1
	1
	2

	15.054
	155
	15
	56
	46
	16
	13
	67
	0
	2
	0
	0
	0
	0
	0

	16.119
	173
	19
	35
	41
	26
	7
	67
	0
	3
	0
	1
	2
	0
	0

	16.994
	166
	6
	31
	48
	27
	14
	67
	0
	0
	1
	0
	2
	0
	0

	18.048
	185
	5
	57
	36
	34
	21
	70
	0
	7
	1
	0
	2
	0
	0

	19.046
	224
	8
	49
	34
	32
	18*
	72
	0
	7
	3
	0
	0
	0
	0

	20.129
	176
	13
	39
	31
	30
	17
	71
	0
	5
	1
	1
	2
	2
	0

	21.159
	251
	12
	34
	29
	29
	12
	71
	1
	6
	1
	0
	1
	0
	1

	21.968
	168
	10
	36
	20
	28
	15
	70
	0
	5
	0
	0
	0
	0
	1

	23.028
	185
	17
	47
	9
	32
	14
	69
	0
	4
	0
	0
	0
	0
	1

	24.028
	276
	18
	64
	16
	21
	14
	70
	1
	9
	0
	1
	0
	0
	0

	24.957
	246
	27
	75
	25
	16
	15
	70
	0
	6
	0
	0
	2
	0
	0

	26.017
	205
	22
	76
	22
	20
	7
	69
	0
	4
	1
	2
	3
	0
	1

	26.969
	189
	9
	64
	23
	24
	6
	67
	0
	3
	0
	1
	0
	0
	4

	27.993
	168
	9
	48
	32
	25
	6*
	66
	1
	3
	1
	1
	0
	0
	0

	28.993
	128
	10
	49
	32
	25
	9
	63
	2
	4
	0
	0
	0
	0
	3

	30.106
	155
	4
	37
	31
	24
	9
	62
	1
	3
	1
	0
	1
	0
	1

	30.957
	141
	7
	37
	26
	24
	11
	62
	-
	-
	-
	-
	-
	-
	-

	31.957
	141
	14
	52
	20
	24
	11
	59
	-
	-
	-
	-
	-
	-
	-

	33.017
	-
	13
	66
	22
	20
	12
	56
	-
	-
	-
	-
	-
	-
	-

	34.035
	-
	7
	53
	13
	20
	13
	50
	-
	-
	-
	-
	-
	0
	6

	35.053
	-
	6
	49
	15
	21
	5
	51
	-
	-
	-
	-
	-
	0
	1

	36.035
	143
	14
	59
	20
	8
	11
	51
	-
	-
	-
	-
	-
	1
	0


March, 1965



Notes – Research






POPULATION B-4

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	36
	-
	13
	10
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	124
	13
	39
	6
	15
	3
	14
	0
	0
	0
	0
	0
	0
	0

	3.000
	100
	8
	52
	15
	8
	5
	17
	0
	2
	0
	0
	0
	0
	0

	4.000
	132
	20
	66
	16
	8
	5
	19
	0
	3
	0
	0
	0
	0
	1

	5.000
	91
	5
	73
	26
	6
	7
	21
	0
	2
	0
	0
	0
	0
	0

	6.006
	53
	11
	71
	24
	13
	6
	21
	0
	3
	0
	0
	1
	1
	0

	7.066
	83
	3
	61
	28
	25
	6
	23
	0
	0
	0
	1
	0
	0
	0

	8.018
	121
	15
	55
	37
	26
	14
	25
	0
	3
	0
	0
	0
	0
	0

	9.125
	135
	14
	62
	14
	38
	11
	26
	1
	8
	0
	1
	1
	1
	1

	10.256
	99
	6
	57
	23
	31
	11
	28
	0
	9
	0
	0
	0
	0
	0

	11.268
	126
	7
	36
	18
	22
	26
	30
	1
	6
	0
	2
	0
	1
	0

	12.244
	135
	13
	51
	22
	26
	16
	37
	0
	6
	3
	0
	1
	2
	0

	13.304
	148
	5
	34
	22
	28
	12
	43
	0
	4
	1
	2
	1
	1
	0

	14.471
	-
	-
	-
	20
	28
	10
	45
	0
	6
	2
	0
	1
	1
	1

	15.054
	196
	7
	34
	27
	27
	12
	44
	0
	1
	0
	1
	0
	1
	1

	16.119
	182
	17
	57
	23
	18
	19
	47
	0
	4
	1
	0
	0
	0
	1

	16.994
	187
	15
	60
	19
	18*
	16
	51
	0
	8
	0
	0
	0
	0
	0

	18.048
	197
	20
	88
	27
	22
	17
	52
	0
	10
	2
	0
	2
	2
	0

	19.046
	196
	6
	56
	47
	18
	10**
	53
	0
	8
	3
	0
	1
	0
	0

	20.129
	171
	3
	36
	38
	34*
	8
	53
	0
	6
	1
	0
	0
	0
	0

	21.159
	165
	4
	30
	32
	41
	10
	52
	0
	3
	1
	0
	0
	0
	1

	21.968
	175
	6
	28
	34
	33
	23
	52
	0
	3
	0
	0
	1
	0
	0

	23.028
	174
	25
	57
	17
	38
	24
	51
	1
	13
	0
	0
	0
	1
	0

	24.028
	201
	13
	56
	7
	34
	20
	52
	1
	13
	0
	0
	0
	1
	0

	24.957
	229
	19
	64
	12
	22
	19
	52
	0
	11
	1
	4
	0
	0
	1

	26.017
	230
	24
	77
	25
	10
	18
	52
	0
	9
	0
	2
	0
	0
	0

	26.969
	245
	23
	89
	28
	11
	13
	51
	0
	6
	0
	2
	4
	2
	1

	27.993
	226
	27
	99
	36
	16
	6
	52
	0
	6
	0
	1
	0
	1
	0

	28.993
	125
	11
	103
	43
	23
	5
	53
	0
	2
	1
	1
	0
	1
	0

	30.106
	112
	4
	88
	34
	34
	7
	52
	1
	5
	0
	0
	0
	0
	1

	30.957
	133
	1
	46
	52
	34
	8
	51
	-
	-
	-
	-
	-
	-
	-

	31.957
	157
	5
	19
	71
	38
	11
	51
	-
	-
	-
	-
	-
	-
	-

	33.017
	-
	12
	39
	64
	43
	6
	50
	-
	-
	-
	-
	-
	-
	-

	34.035
	-
	8
	72
	24
	58
	13
	53
	-
	-
	-
	-
	-
	0
	0

	35.053
	-
	2
	43
	23
	54
	18
	51
	-
	-
	-
	-
	-
	0
	3

	36.035
	178
	7
	33
	14
	13
	31
	51
	-
	-
	-
	-
	-
	1
	1







Notes – Research




TIB-8

POPULATION B-5

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	42
	-
	6
	10
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	106
	5
	31
	7
	14
	3
	15
	0
	0
	0
	0
	0
	0
	0

	3.000
	110
	7
	77
	5
	8
	11
	17
	0
	1
	0
	0
	0
	0
	0

	4.000
	110
	12
	83
	26
	7
	6
	24
	0
	0
	0
	0
	0
	0
	0

	5.000
	81
	3
	84
	29
	11
	4
	28
	0
	0
	0
	0
	0
	0
	0

	6.113
	64
	10
	65
	38
	20
	6
	30
	0
	1
	0
	0
	0
	0
	0

	7.119
	92
	2
	49
	41
	23
	11
	32
	0
	3
	0
	0
	0
	0
	0

	8.339
	65
	4
	62
	28
	37
	21
	35
	0
	4
	0
	0
	0
	0
	1

	9.494
	111
	5
	48
	33
	28
	23
	37
	0
	8
	2
	0
	4
	0
	2

	10.327
	146
	13
	56
	28
	23
	26
	43
	0
	7
	0
	1
	3
	0
	0

	11.321
	137
	16
	69
	28
	27
	21
	48
	1
	9
	0
	0
	1
	1
	1

	12.250
	171
	8
	69
	27
	24*
	20
	52
	0
	8
	2
	0
	0
	0
	0

	13.417
	156
	8
	64
	25
	26
	10
	57
	1
	8
	0
	0
	4
	1
	0

	14.452
	-
	-
	-
	49
	21*
	7*
	57
	2
	7
	1
	0
	0
	0
	2

	15.196
	143
	9
	36
	57
	23
	10
	56
	0
	6
	0
	0
	0
	0
	1

	16.196
	144
	6
	37
	45
	27
	12
	57
	0
	4
	0
	0
	0
	0
	0

	17.054
	163
	11
	35
	30
	44
	10
	57
	0
	8
	0
	2
	0
	0
	0

	18.036
	250
	33
	50
	46
	28
	24
	57
	0
	3
	0
	1
	2
	0
	0

	19.042
	228
	16
	54
	23
	24
	23
	59
	0
	13
	0
	1
	0
	0
	0

	20.018
	121
	13
	50
	23
	23
	15
	62
	0
	10
	0
	0
	0
	0
	0

	21.012
	227
	11
	64
	19
	21
	15*
	61
	0
	6
	1
	0
	0
	0
	0

	22.042
	225
	18
	85
	17
	17
	14
	64
	0
	7
	0
	0
	3
	1
	0

	22.982
	224
	18
	83
	24
	17
	13
	65
	1
	5
	0
	0
	1
	0
	0

	23.964
	249
	18
	87
	22
	18
	14
	64
	0
	5
	1
	0
	0
	0
	1

	24.982
	161
	14
	75
	36
	22
	10
	63
	1
	6
	0
	1
	0
	0
	2

	26.042
	142
	12
	69
	36
	29
	10
	60
	0
	4
	1
	0
	1
	1
	2

	27.161
	177
	6
	46
	48
	30
	10
	61
	0
	4
	0
	0
	0
	0
	0

	28.256
	156
	6
	38
	43
	37
	16
	60
	0
	2
	0
	1
	2
	1
	0

	29.125
	149
	10
	38
	32
	43
	19
	60
	0
	6
	0
	1
	2
	0
	0

	30.030
	180
	11
	37
	28
	41
	17
	60
	1
	10
	0
	0
	1
	1
	0

	30.982
	162
	14
	50
	24
	29
	31
	61
	-
	-
	-
	-
	-
	-
	-

	32.125
	232
	23
	73
	19
	23
	23
	65
	-
	-
	-
	-
	-
	-
	-

	33.042
	-
	21
	75
	24
	18
	14
	67
	-
	-
	-
	-
	-
	-
	-

	34.143
	-
	16
	89
	33
	14
	13
	68
	-
	-
	-
	-
	-
	-
	-

	35.131
	-
	7
	73
	51
	13
	11
	68
	-
	-
	-
	-
	-
	2
	0

	36.149
	105
	5
	70
	45
	23
	5
	65
	-
	-
	-
	-
	-
	0
	3


March, 1965



Notes – Research






POPULATION B-6

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	38
	-
	15
	7
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	78
	6
	25
	10
	9
	6
	15
	0
	0
	0
	0
	0
	0
	0

	3.000
	144
	7
	43
	9
	7
	11
	16
	0
	0
	0
	0
	0
	0
	0

	4.000
	103
	17
	74
	16
	5
	9
	23
	0
	1
	1
	0
	0
	0
	0

	5.000
	94
	4
	60
	22
	8
	10
	25
	0
	0
	0
	0
	0
	0
	0

	6.113
	50
	16
	80
	28
	10
	8
	28
	0
	1
	1
	0
	2
	0
	0

	7.119
	72
	4
	67
	35
	13
	6
	29
	0
	2
	0
	0
	1
	0
	0

	8.339
	74
	15
	77
	38
	22
	18
	30
	0
	3
	0
	0
	1
	0
	0

	9.494
	56
	6
	61
	35
	42
	8
	36
	0
	6
	1
	1
	1
	0
	0

	10.327
	106
	3
	57
	30
	41
	14
	41
	0
	2
	0
	0
	1
	0
	0

	11.321
	106
	18
	59
	24
	36
	32
	42
	0
	8
	0
	0
	1
	1
	0

	12.250
	139
	5
	42
	40
	34
	11
	42
	0
	19
	2
	0
	4
	1
	0

	13.417
	127
	12
	63
	24
	33
	18
	45
	1
	6
	1
	0
	0
	0
	0

	14.452
	-
	-
	-
	34
	30
	11
	44
	0
	16
	1
	0
	1
	0
	0

	15.196
	226
	20
	65
	34
	30
	16
	45
	0
	2
	0
	0
	3
	0
	0

	16.196
	161
	23
	82
	39
	24
	14
	45
	1
	17
	0
	2
	0
	0
	0

	17.054
	201
	7
	65
	34
	26
	21*
	45
	0
	4
	0
	0
	0
	0
	0

	18.036
	181
	13
	68
	36
	23
	24
	48
	0
	3
	0
	1
	2
	0
	0

	19.042
	175
	8
	49
	34
	28*
	17
	53
	0
	3
	4
	1
	1
	0
	0

	20.018
	176
	6
	34
	38
	28
	19
	52
	0
	5
	1
	1
	2
	1
	2

	21.012
	208
	11
	46
	20
	36
	17
	51
	0
	12
	1
	0
	1
	1
	0

	22.042
	212
	17
	66
	13
	35
	18
	54
	0
	6
	0
	0
	2
	0
	0

	22.982
	226
	17
	65
	18
	24
	21
	55
	1
	10
	0
	0
	0
	0
	0

	23.964
	274
	19
	72
	18
	23
	15
	56
	0
	16
	0
	0
	0
	0
	0

	24.982
	158
	20
	69
	22
	20
	10
	58
	0
	8
	0
	0
	2
	0
	2

	26.042
	216
	10
	56
	34
	18
	17
	57
	0
	3
	1
	0
	0
	2
	1

	27.161
	224
	8
	56
	35
	22
	13
	57
	1
	4
	1
	0
	1
	1
	2

	28.256
	212
	9
	54
	36
	32
	9
	57
	0
	6
	0
	0
	1
	1
	1

	29.125
	178
	13
	52
	30
	35
	12
	58
	0
	2
	0
	0
	0
	0
	0

	30.030
	181
	9
	60
	34
	21
	21
	58
	0
	7
	0
	0
	1
	0
	1

	30.982
	178
	13
	51
	32
	21
	16
	58
	-
	-
	-
	-
	-
	-
	-

	32.125
	220
	11
	53
	38
	22
	11
	60
	-
	-
	-
	-
	-
	-
	-

	33.042
	-
	18
	67
	28
	32
	10
	59
	-
	-
	-
	-
	-
	-
	-

	34.143
	-
	11
	75
	33
	19
	16
	61
	-
	-
	-
	-
	-
	-
	-

	35.131
	-
	15
	78
	31
	25
	11
	64
	-
	-
	-
	-
	-
	1
	0

	36.149
	160
	7
	60
	45
	31
	9
	64
	-
	-
	-
	-
	-
	0
	2







Notes – Research




TIB-8

POPULATION B-7

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	58
	-
	12
	13
	4
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	108
	14
	50
	2
	14
	3
	14
	0
	1
	0
	0
	0
	0
	0

	3.000
	158
	11
	78
	5
	7
	13
	14
	0
	0
	0
	0
	0
	0
	1

	4.000
	128
	12
	89
	24
	4
	7
	23
	0
	0
	0
	0
	2
	0
	0

	5.000
	70
	6
	57
	25
	11
	7
	25
	0
	0
	0
	1
	0
	0
	0

	6.113
	86
	21
	95
	51
	20
	4
	25
	1
	2
	0
	0
	1
	0
	0

	7.119
	83
	3
	75
	59
	24
	10
	26
	1
	1
	0
	0
	0
	0
	0

	8.339
	147
	21
	130
	40
	43
	16
	26
	0
	10
	1
	0
	0
	0
	0

	9.494
	90
	5
	56
	50
	40
	25
	30
	1
	8
	0
	1
	0
	0
	0

	10.327
	119
	3
	50
	35
	44
	33
	36
	0
	5
	1
	0
	1
	0
	0

	11.321
	137
	15
	42
	41
	44
	34
	47
	0
	7
	0
	0
	0
	2
	0

	12.250
	146
	12
	43
	29
	46
	24
	50
	4
	10
	1
	2
	0
	4
	1

	13.417
	174
	1
	18
	18
	33
	10
	51
	1
	22
	0
	0
	0
	0
	1

	14.452
	-
	-
	-
	15
	26
	14
	50
	0
	12
	0
	0
	0
	0
	1

	15.196
	205
	15
	59
	14
	18
	20
	51
	1
	5
	0
	0
	1
	0
	0

	16.196
	208
	20
	76
	17
	15
	12
	51
	0
	11
	2
	0
	1
	1
	0

	17.054
	203
	10
	58
	25
	15
	10
	51
	0
	4
	0
	0
	1
	1
	0

	18.036
	165
	17
	54
	30
	12
	11
	51
	0
	2
	3
	0
	1
	1
	1

	19.042
	160
	8
	58
	27
	19
	8
	52
	0
	4
	0
	1
	1
	0
	0

	20.018
	130
	11
	52
	27
	25
	9
	53
	0
	7
	0
	0
	0
	0
	0

	21.012
	152
	5
	45
	33
	23
	11*
	53
	0
	7
	0
	0
	0
	0
	0

	22.042
	150
	3
	45
	26
	22
	14
	54
	1
	4
	0
	2
	0
	0
	0

	22.982
	138
	19
	63
	21
	27
	19
	53
	0
	3
	0
	0
	0
	1
	1

	23.964
	157
	12
	55
	24
	22
	12
	55
	0
	9
	0
	0
	2
	0
	0

	24.982
	103
	12
	68
	22
	22
	18
	52
	0
	7
	1
	2
	0
	0
	3

	24.042
	123
	7
	51
	24
	25
	13
	50
	0
	4
	0
	0
	4
	1
	2

	27.161
	175
	4
	30
	32
	23
	9
	50
	1
	7
	1
	3
	0
	0
	0

	28.256
	144
	16
	40
	39
	15
	21
	48
	0
	1
	1
	0
	2
	0
	1

	29.125
	116
	3
	28
	32
	21
	13
	49
	0
	4
	0
	0
	2
	0
	1

	30.030
	133
	15
	40
	24
	22
	14
	50
	1
	5
	0
	0
	1
	0
	0

	30.982
	166
	7
	42
	13
	26
	13
	48
	-
	-
	-
	-
	-
	-
	-

	32.125
	159
	14
	50
	14
	16
	17
	51
	-
	-
	-
	-
	-
	-
	-

	33.042
	-
	13
	71
	18
	10
	10
	46
	-
	-
	-
	-
	-
	-
	-

	34.143
	-
	7
	79
	17
	11
	7
	44
	-
	-
	-
	-
	-
	-
	-

	35.131
	-
	6
	68
	29
	14
	8
	42
	-
	-
	-
	-
	-
	0
	3

	36.149
	61
	7
	53
	44
	16
	6
	42
	-
	-
	-
	-
	-
	0
	2


March, 1965



Notes – Research






POPULATION B-8

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	63
	-
	14
	10
	6
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	104
	14
	30
	10
	14
	3
	13
	0
	0
	0
	0
	0
	0
	0

	3.000
	112
	5
	42
	10
	8
	9
	13
	0
	0
	0
	0
	0
	1
	0

	4.000
	107
	9
	55
	25
	9
	8
	17
	0
	4
	0
	0
	1
	0
	0

	5.000
	75
	6
	57
	25
	11
	7
	20
	0
	2
	0
	0
	0
	0
	0

	6.113
	57
	8
	54
	33
	19
	5
	23
	0
	1
	1
	0
	1
	0
	0

	7.119
	72
	7
	56
	38
	15
	9
	24
	0
	3
	1
	0
	0
	0
	0

	8.339
	72
	6
	43
	34
	30
	25
	27
	0
	1
	0
	0
	0
	0
	0

	9.494
	79
	8
	66
	20
	28
	19
	36
	0
	6
	0
	1
	3
	0
	0

	10.327
	109
	8
	51
	22
	28
	13
	37
	0
	9
	0
	0
	3
	2
	0

	11.321
	120
	11
	52
	28
	21
	21
	40
	0
	5
	1
	0
	0
	0
	0

	12.250
	169
	12
	66
	31
	23
	17
	45
	0
	2
	2
	1
	1
	0
	0

	13.417
	99
	8
	60
	28
	28
	10
	47
	1
	5
	2
	1
	3
	0
	0

	14.452
	-
	-
	-
	28
	29
	13
	48
	0
	8
	0
	0
	0
	1
	1

	15.196
	126
	7
	37
	38
	26
	14
	48
	0
	5
	0
	0
	1
	1
	0

	16.196
	118
	19
	43
	40
	21
	18
	50
	0
	2
	0
	1
	0
	0
	0

	17.054
	149
	5
	32
	30
	21
	19
	51
	0
	4
	0
	0
	0
	1
	0

	18.036
	125
	15
	43
	18
	26
	16
	56
	0
	6
	1
	0
	0
	0
	0

	19.042
	183
	5
	48
	14
	21
	14
	55
	1
	7
	2
	0
	0
	0
	1

	20.018
	227
	14
	55
	16
	14
	16
	55
	0
	7
	1
	1
	0
	0
	0

	21.012
	158
	14
	55
	25
	13
	11
	56
	0
	5
	1
	0
	1
	0
	1

	22.042
	168
	3
	49
	22
	15
	6
	55
	0
	8
	0
	0
	1
	0
	1

	22.982
	257
	35
	96
	23
	15
	9
	54
	0
	3
	0
	0
	0
	0
	1

	23.964
	161
	3
	52
	18
	22
	8
	55
	0
	1
	1
	0
	1
	0
	1

	24.982
	146
	19
	27
	51
	24
	9
	54
	0
	4
	0
	0
	0
	1
	0

	26.042
	177
	12
	48
	28
	17
	15
	53
	0
	3
	0
	1
	0
	0
	2

	27.161
	197
	17
	58
	30
	18
	14
	52
	0
	2
	0
	1
	2
	0
	1

	28.256
	158
	15
	69
	29
	24
	7
	52
	0
	7
	0
	1
	0
	1
	3

	29.125
	137
	19
	75
	23
	24
	11
	48
	0
	4
	0
	1
	0
	1
	3

	30.030
	115
	12
	59
	39
	21
	13
	46
	0
	5
	0
	0
	0
	0
	2

	30.982
	135
	9
	60
	45
	13
	20
	45
	-
	-
	-
	-
	-
	-
	-

	32.125
	76
	12
	53
	43
	27
	4
	46
	-
	-
	-
	-
	-
	-
	-

	33.042
	-
	6
	46
	39
	29
	11
	44
	-
	-
	-
	-
	-
	-
	-

	34.143
	-
	6
	40
	38
	29
	19
	45
	-
	-
	-
	-
	-
	-
	-

	35.131
	-
	3
	28
	33
	32
	15
	47
	-
	-
	-
	-
	-
	1
	3

	36.149
	53
	4
	29
	19
	36
	21
	45
	-
	-
	-
	-
	-
	1
	4







Notes – Research




TIB-8

POPULATION B-9

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	42
	-
	14
	6
	8
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	79
	7
	28
	8
	9
	5
	14
	0
	0
	0
	0
	0
	1
	0

	3.000
	117
	9
	74
	7
	10
	9
	14
	0
	1
	1
	0
	0
	0
	0

	4.137
	90
	18
	96
	11
	10
	7
	18
	0
	0
	1
	0
	1
	0
	0

	5.149
	70
	3
	47
	45
	12
	10
	20
	0
	1
	0
	0
	2
	0
	0

	6.202
	55
	10
	66
	49
	22
	2
	26
	0
	1
	0
	0
	1
	0
	0

	7.208
	39
	17
	45
	43
	42
	10
	25
	0
	0
	0
	0
	0
	0
	1

	8.613
	63
	4
	46
	22
	40
	32
	27
	0
	7
	0
	0
	1
	0
	0

	9.387
	119
	13
	43
	24
	28
	35
	38
	0
	11
	0
	0
	0
	0
	0

	10.339
	99
	12
	61
	20
	26
	21
	46
	0
	9
	3
	0
	3
	4
	0

	11.304
	128
	7
	67
	14
	21
	19
	48
	0
	11
	0
	1
	5
	2
	0

	12.411
	178
	6
	43
	33
	20
	14
	50
	0
	6
	0
	0
	1
	2
	1

	13.619
	135
	22
	60
	40
	22
	6
	49
	0
	10
	1
	0
	0
	2
	0

	14.577
	-
	-
	-
	43
	21
	13
	48
	1
	1
	1
	0
	0
	1
	0

	15.398
	127
	1
	46
	32
	31
	8
	48
	0
	11
	0
	0
	0
	0
	0

	16.339
	117
	12
	43
	23
	33
	17
	48
	0
	7
	0
	0
	1
	0
	1

	17.024
	166
	3
	35
	25
	24
	29
	48
	0
	3
	1
	0
	0
	0
	0

	18.071
	153
	14
	42
	27
	20
	21
	54
	0
	10
	1
	0
	1
	2
	0

	19.042
	168
	16
	49
	22
	19
	15
	57
	1
	4
	0
	1
	1
	1
	1

	20.018
	185
	10
	48
	21
	23
	7
	59
	0
	6
	0
	0
	0
	2
	2

	21.024
	242
	17
	55
	20
	19
	10
	57
	0
	7
	0
	0
	0
	2
	1

	22.000
	193
	24
	75
	19
	15
	15
	57
	0
	4
	0
	0
	0
	0
	0

	22.976
	214
	7
	69
	17
	20
	11
	56
	0
	5
	0
	1
	0
	0
	1

	24.006
	185
	27
	74
	24
	21
	10
	57
	0
	6
	1
	0
	0
	0
	0

	25.018
	156
	5
	65
	33
	15
	14
	55
	0
	9
	0
	0
	1
	0
	2

	26.125
	208
	10
	59
	25
	26
	9
	54
	0
	5
	0
	1
	1
	0
	2

	27.167
	160
	12
	52
	31
	33
	7*
	52
	0
	2
	2
	1
	0
	2
	1

	28.018
	195
	15
	45
	35
	38
	14
	50
	0
	1
	1
	0
	0
	0
	2

	29.107
	114
	24
	58
	34
	25
	17
	46
	0
	11
	0
	1
	1
	1
	4

	30.125
	112
	3
	36
	22
	31
	16
	46
	0
	2
	0
	0
	0
	0
	0

	30.982
	178
	8
	26
	27
	29
	17
	49
	-
	-
	-
	-
	-
	-
	-

	31.970
	193
	21
	45
	27
	17
	29
	50
	-
	-
	-
	-
	-
	-
	-

	33.149
	-
	23
	85
	19
	17
	16
	57
	-
	-
	-
	-
	2
	0
	4

	34.006
	-
	7
	73
	10
	21
	10
	59
	-
	-
	-
	-
	-
	-
	-

	35.036
	-
	3
	56
	16
	17
	11
	61
	-
	-
	-
	-
	-
	0
	1

	36.042
	168
	17
	48
	45
	16
	10
	57
	-
	-
	-
	-
	-
	0
	4


March, 1965



Notes – Research






POPULATION B-10

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	50
	-
	15
	9
	6
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	82
	15
	47
	6
	15
	1
	14
	0
	0
	0
	0
	0
	0
	0

	3.000
	117
	10
	82
	10
	7
	11
	15
	0
	0
	0
	0
	0
	0
	0

	4.137
	150
	-
	91
	25
	6
	11
	18
	0
	1
	0
	0
	0
	1
	0

	5.149
	91
	11
	84
	42
	10
	6
	26
	0
	1
	0
	0
	1
	0
	0

	6.202
	57
	8
	78
	49
	22
	2
	28
	0
	1
	0
	0
	0
	0
	0

	7.208
	50
	14
	60
	38
	48
	7
	28
	0
	0
	0
	0
	0
	0
	0

	8.613
	78
	2
	53
	39
	35
	23
	28
	0
	12
	0
	0
	0
	0
	0

	9.387
	104
	12
	51
	38
	34
	32
	30
	0
	11
	0
	0
	0
	0
	0

	10.339
	109
	15
	62
	30
	40
	30
	37
	0
	5
	1
	0
	0
	3
	0

	11.304
	111
	5
	60
	24
	36
	26
	41
	2
	12
	2
	3
	2
	1
	1

	12.411
	146
	7
	39
	36
	33
	18
	43
	0
	14
	2
	0
	2
	0
	0

	13.619
	146
	11
	43
	36
	29
	19
	45
	0
	10
	1
	0
	2
	0
	0

	14.577
	-
	-
	-
	35
	25
	19
	44
	0
	10
	0
	2
	0
	1
	1

	15.398
	175
	6
	54
	19
	35
	16
	46
	0
	4
	1
	0
	0
	1
	0

	16.339
	135
	6
	58
	26
	22
	18
	49
	0
	10
	1
	0
	0
	0
	0

	17.024
	212
	6
	45
	29
	26*
	19
	48
	1
	6
	0
	0
	1
	1
	0

	18.071
	177
	26
	81
	41
	18
	18*
	52
	2
	4
	1
	0
	1
	1
	0

	19.042
	180
	5
	70
	33
	26
	7
	55
	0
	11
	1
	0
	0
	0
	0

	20.018
	162
	9
	65
	24
	34
	7
	51
	1
	4
	0
	0
	0
	3
	1

	21.024
	213
	4
	48
	24
	33
	12
	50
	0
	5
	0
	0
	0
	0
	0

	22.000
	132
	9
	37
	33
	23
	14
	50
	2
	12
	0
	0
	0
	0
	1

	22.976
	158
	10
	47
	23
	38
	9
	48
	0
	6
	0
	1
	1
	0
	2

	24.006
	144
	11
	37
	23
	32*
	8
	49
	0
	4
	0
	0
	0
	0
	0

	25.018
	179
	7
	44
	13
	29
	15
	47
	0
	4
	0
	0
	0
	0
	2

	26.125
	167
	23
	64
	20
	20
	17
	46
	0
	4
	0
	3
	1
	0
	1

	27.167
	264
	11
	57
	19
	21
	17
	46
	0
	5
	1
	2
	2
	0
	0

	28.018
	215
	31
	93
	19
	22
	11
	47
	0
	6
	0
	0
	0
	1
	1

	29.107
	203
	6
	83
	27
	13
	6
	45
	1
	9
	1
	0
	1
	1
	1

	30.125
	176
	15
	73
	44
	14*
	13
	43
	0
	4
	0
	0
	0
	0
	2

	30.982
	187
	9
	54
	53
	20
	5
	44
	-
	-
	-
	-
	-
	-
	-

	31.970
	153
	14
	62
	53
	26
	10
	44
	-
	-
	-
	-
	-
	-
	-

	33.149
	-
	6
	46
	53
	32
	13
	39
	-
	-
	-
	-
	-
	1
	6

	34.006
	-
	4
	41
	33
	42
	17
	37
	-
	-
	-
	-
	-
	-
	-

	35.036
	-
	12
	34
	21
	55
	16
	33
	-
	-
	-
	-
	-
	0
	3

	36.042
	167
	12
	39
	26
	30
	33
	31
	-
	-
	-
	-
	-
	0
	4







Notes – Research




TIB-8

POPULATION B-11

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	29
	-
	17
	7
	7
	7
	8
	0
	0
	0
	0
	0
	0
	0

	2.000
	106
	6
	21
	9
	8
	6
	14
	0
	0
	0
	0
	0
	0
	1

	3.000
	112
	7
	48
	12
	9
	6
	18
	0
	1
	0
	0
	0
	0
	0

	4.137
	139
	16
	86
	17
	8
	10
	21
	0
	0
	0
	0
	0
	0
	0

	5.149
	141
	13
	85
	30
	8
	11
	24
	0
	1
	0
	0
	0
	0
	0

	6.202
	114
	16
	109
	26
	16**
	3
	26
	0
	6
	0
	1
	2
	0
	1

	7.208
	67
	34
	98
	39
	31
	3
	27
	0
	0
	0
	0
	0
	0
	0

	8.613
	102
	9
	83
	44
	48
	25
	25
	0
	5
	0
	0
	0
	1
	1

	9.387
	102
	5
	41
	54
	38
	17
	27
	0
	10
	0
	0
	0
	0
	0

	10.339
	99
	18
	53
	38*
	47
	26
	30
	0
	8
	1
	0
	0
	2
	0

	11.304
	146
	10
	53
	16
	45
	29
	37
	0
	11
	3
	0
	0
	0
	0

	12.411
	188
	13
	58
	18
	36
	27
	42
	0
	9
	0
	0
	0
	1
	0

	13.619
	225
	15
	56
	33
	15
	33
	50
	0
	4
	1
	1
	3
	2
	0

	14.577
	-
	-
	-
	21
	26
	12
	57
	0
	13
	2
	0
	1
	0
	0

	15.398
	247
	11
	71
	25
	28
	8
	60
	0
	7
	0
	1
	1
	0
	0

	16.339
	228
	16
	60
	40
	17
	19
	58
	0
	3
	0
	0
	0
	0
	3

	17.024
	263
	9
	50
	38
	20
	18
	59
	0
	8
	2
	0
	0
	0
	0

	18.071
	188
	12
	53
	37
	26
	12
	60
	1
	7
	0
	0
	1
	0
	0

	19.042
	190
	7
	48
	25
	41
	9
	62
	0
	6
	1
	0
	1
	0
	0

	20.018
	141
	10
	47
	24
	27
	27
	60
	0
	5
	0
	0
	0
	1
	1

	21.024
	276
	3
	39
	26
	29
	19
	59
	1
	12
	3
	0
	3
	0
	1

	22.000
	211
	16
	40
	29
	26
	12*
	57
	2
	10
	1
	1
	0
	2
	1

	22.976
	203
	22
	59
	25
	23
	13
	56
	0
	3
	0
	1
	2
	0
	0

	24.006
	183
	21
	69
	15
	26
	16
	56
	1
	7
	0
	0
	0
	0
	1

	25.018
	207
	11
	66
	13
	28
	7
	58
	0
	6
	0
	3
	1
	0
	1

	26.125
	268
	16
	93
	25
	15
	16
	56
	0
	3
	0
	1
	1
	0
	2

	27.167
	247
	23
	97
	42
	15
	16
	55
	1
	6
	0
	0
	0
	0
	3

	28.018
	199
	27
	102
	39
	27
	5
	55
	0
	7
	0
	0
	3
	1
	0

	29.107
	140
	11
	95
	35
	36
	8
	53
	0
	3
	0
	0
	0
	1
	2

	30.125
	145
	9
	51
	56
	38
	12
	52
	0
	3
	0
	0
	0
	0
	1

	30.982
	188
	10
	42
	61
	37
	7
	48
	-
	-
	-
	-
	-
	-
	-

	31.970
	144
	14
	59
	46
	43
	16
	51
	-
	-
	-
	-
	-
	-
	-

	33.149
	-
	9
	56
	32
	37
	19
	50
	-
	-
	-
	-
	-
	0
	2

	34.006
	-
	4
	45
	20
	36
	24
	48
	-
	-
	-
	-
	-
	1
	1

	35.036
	-
	9
	34
	31
	25
	32
	47
	-
	-
	-
	-
	-
	1
	4

	36.042
	94
	20
	65
	27
	18
	26
	51
	-
	-
	-
	-
	-
	2
	4


March, 1965



Notes – Research






POPULATION B-12

	Age
	E
	(F)
	S
	M
	L
	P
	A
	Lc
	Pc
	Yc
	Ycf
	Yf
	Yd
	Ad

	0.000
	0
	0
	23
	8
	7
	0
	8
	0
	0
	0
	0
	0
	0
	0

	1.000
	50
	-
	8
	7
	11
	6
	8
	0
	1
	0
	0
	0
	0
	0

	2.000
	97
	9
	37
	3
	17
	1
	14
	0
	0
	0
	0
	0
	0
	0

	3.000
	117
	6
	64
	10
	6
	13
	14
	0
	1
	1
	0
	0
	0
	0

	4.137
	140
	18
	78
	19
	7
	7
	20
	0
	1
	1
	0
	1
	0
	0

	5.149
	133
	18
	76
	56
	11
	9
	23
	0
	2
	0
	0
	0
	0
	0

	6.202
	69
	21
	106
	38
	24
	5
	24
	0
	0
	0
	0
	0
	0
	0

	7.208
	37
	15
	66
	33*
	39
	5
	25
	0
	2
	0
	0
	2
	0
	0

	8.613
	85
	2
	44
	42
	33
	23
	26
	1
	8
	1
	0
	1
	0
	0

	9.387
	131
	14
	46
	36
	42
	19
	30
	0
	11
	1
	0
	2
	0
	0

	10.339
	110
	12
	61
	16
	53
	23
	32
	0
	5
	1
	2
	0
	1
	0

	11.304
	114
	13
	60
	19
	34
	35
	36
	0
	6
	2
	1
	2
	0
	0

	12.411
	172
	7
	63
	24
	22
	19
	40
	0
	14
	1
	2
	4
	2
	0

	13.619
	130
	8
	54
	34
	22
	17
	43
	0
	6
	1
	0
	2
	2
	1

	14.577
	-
	-
	-
	33
	28
	8
	47
	0
	5
	1
	1
	2
	0
	0

	15.398
	178
	7
	46
	30
	32
	15
	49
	0
	2
	0
	0
	0
	0
	1

	16.339
	117
	9
	46
	36
	23
	20
	52
	0
	4
	1
	0
	0
	1
	0

	17.024
	247
	9
	48
	31
	21
	27
	57
	0
	1
	2
	0
	0
	1
	0

	18.071
	149
	25
	72
	25
	27
	14
	60
	0
	7
	2
	0
	1
	1
	2

	19.042
	208
	9
	50
	28
	21
	11
	66
	0
	8
	0
	0
	1
	0
	0

	20.018
	193
	11
	53
	25
	24
	19
	65
	0
	4
	0
	0
	0
	1
	0

	21.024
	185
	11
	49
	36
	22
	12*
	64
	0
	7
	0
	0
	1
	0
	2

	22.000
	183
	9
	41
	31
	29
	9
	63
	0
	9
	0
	1
	1
	1
	0

	22.976
	198
	10
	51
	21
	29
	16
	64
	0
	2
	1
	0
	0
	0
	0

	24.006
	181
	12
	50
	19
	30
	16
	63
	0
	8
	0
	0
	0
	1
	0

	25.018
	213
	13
	52
	17
	20
	24
	61
	0
	8
	0
	1
	0
	1
	1

	26.125
	249
	18
	63
	23
	15
	17*
	64
	0
	10
	1
	0
	0
	1
	0

	27.167
	263
	20
	69
	27
	22
	7
	64
	0
	9
	1
	1
	1
	1
	0

	28.018
	289
	23
	92
	26
	22
	7
	62
	0
	3
	0
	1
	1
	1
	1

	29.107
	197
	20
	101
	31
	26
	13
	61
	0
	2
	0
	0
	0
	0
	2

	30.125
	163
	14
	78
	47
	22
	12
	62
	0
	6
	0
	1
	2
	0
	1

	30.982
	226
	11
	64
	53
	25
	13
	62
	-
	-
	-
	-
	-
	-
	-

	31.970
	150
	9
	55
	58
	36
	6
	64
	-
	-
	-
	-
	-
	-
	-

	33.149
	-
	8
	46
	50
	36
	22
	59
	-
	-
	-
	-
	-
	2
	3

	34.006
	-
	3
	41
	40
	46
	21
	62
	-
	-
	-
	-
	-
	-
	-

	35.036
	-
	11
	39
	27
	46
	23
	60
	-
	-
	-
	-
	-
	0
	4

	36.042
	184
	14
	46
	30
	28
	35
	57
	-
	-
	-
	-
	-
	2
	5
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Feeding responses by stored-products insects to chemical stimuli from cereal products and microorganisms

Several workers have observed preferential feeding by stored-products insects confronted with a choice of several cereal products.  Others have observed certain grain-infesting insects feeding preferentially on the germ end of wheat kernels.  These observations suggest that insect feeding behavior has a chemosensory basis.  This hypothesis was supported by recent findings that certain components in brewer’s yeast, wheat flour, bran, and germ stimulated flour beetles to aggregate and feed on pith discs impregnated with these substances.  In these experiments the number of insects aggregating in a given unit of time on treated and untreated discs in a “choice” type of experimental design, and the amount of feeding on discs were used as criteria of response.  The amount of feeding was determined photometrically by measuring the difference in light transmitted through pith discs before and after a 24-hour period of exposure of 24 test insects.


Active components were defined as arrestants, feeding stimulants, or both depending on the types of behavior evoked by them.  Amino compounds and sugars in yeast, and fatty acids in wheat germ elicited strong feeding responses from flour beetles.  An ether-soluble fraction of yeast deterred feeding.  Some active fractions were more stimulative in combination with 0.1M sucrose than either the sucrose or the fraction tested singly.  Beetles fed but did not aggregate on sucrose-treated discs.


Experiments are currently in progress to determine the role of fungi in the feeding behavior of Tribolium confusum and Crytolestes ferrugineus.  Certain storage fungi associated with stored grain, and aqueous extracts of these fungi induce aggregating and feeding responses.  Some fungi apparently deter feeding while others are chemotactically inert.  Chemosensory stimuli fungi may influence the distribution of certain insects in stored grain.

If arrestants and feeding stimulants can be identified and produced commercially they may have useful applications.  Food lures combined with toxic materials in baits may offer a promising approach to selective control of undesirable insects.  Furthermore it may be possible to use these compounds to detect hidden insect infestations in granaries and food warehouses.
MCDONALD, DANIEL J. and LAURA FITTING

Department of Biology

Dickinson College

Carlisle, Pennsylvania

* Activity differences in black and wild type strains of Tribolium confusum

During the course of numerous experiments with a mutant strain (probably McGill black) of Tribolium confusum, the impression was gained that McGb individuals were usually more “active” than wild type, moving about more rapidly and tending to stay on the surface of flour medium.  Since inherited behavioral differences can influence fitness, a pilot experiment was designed to measure activity.  A glass tube with an inside diameter of 13 mm. is bent 900 at one end and a mark made on the other end 45 cm. from the angle.  Flour-yeast medium is poured in the other end, and with constant tapping 35 gms. will fill the tube to the 45 cm. mark. If the tube is then held horizontally, the plug can be removed with little loss of flour.  Beetles can be put in the straight end which is then plugged, and the tube is laid horizontally on a rack in the incubator (300c. and 50-60% R.H.) with the bent end projecting downward into a small beaker.  When a beetle works its way through the 45 cm. column of flour it topples into the beaker and is trapped.  Care must be exercised in filling the tube since small variations in packing and flourless gaps in the column probably influence the insects activity.  Unmated males and females of McGb strain about three weeks old were tested separately by placing thirty adults in the tube and observing the number found in the beaker at the opposite and after various intervals of time.  Some of the results of two experiments, each consisting of eight tubes, four male and four female, are given in the table.  The only significant difference is between males and females (F = 5.87, p < 0.05).  A more marked differences is found in the wild strain.  The results of two experiments are given in the table and now females are clearly less active than males (F = 146.25, P < 0.005).  Finally, when wild and mutant are compared (experiments A and C) there is significant interaction (F = 9.54, P < 0.01) which reflects the difference in activity of the mutant and wild type females.  Other experimental data suggests that mixing the sexes depresses the activity of the males.  Also, younger beetles seen less active than older ones.

	Experiment Time
	Black Strain
	Wild Strain

	
	A 117
	B 114
	C 117
	D 124

	Sex
	M
	F
	M
	F
	M
	F
	M
	F

	
	26
	19
	28
	20
	30
	3
	30
	1

	
	21
	19
	28
	21
	18
	4
	20
	4

	Tube
	27
	9
	28
	26
	25
	4
	29
	3

	
	29
	19
	30
	28
	27
	3
	25
	1

	Total
	103
	66
	114
	95
	100
	14
	104
	9


MUGGLI, JAMES M.

Department of Entomology, Fisheries and Wildlife

University of Minnesota

St. Paul, Minnesota 55101

* Effects of sub-optimal temperatures on Tribolilum castaneum

Pupae of less than 24 hours of age were exposed to constant temperatures of 10, 15, 17.5, 20, 25, 30, 35, and 400c.  Some pupae completed development at as low as 17.50c, at which temperature workers have reported that both Tribolium castaneum and T. confusum pupae failed to complete development.


Pupae developed at sub-optimal temperatures of 17.5 and 200c. resulted in deformed adults, visibly on the elytra.  Pairing of deformed adults and deformed and normal adults produced fewer eggs which showed lower fertility.
PRATT, JOHN J. JR. and CAROL JONES

Insecticides and Rodenticides Laboratory

Pioneering Research Division

U.S. Army Natick Laboratories

Natick, Massachusetts


In nutritional studies with Tribolium confusum (Ebony-Chicago), a behavioral phenomenon was observed similar to that reported by Dawson in TIB 7 (p. 50).  A comparison was being made of the survival of T. confusum adults on whole wheat flour versus a defined medium (Fraenkel et al., 1950).  Ten adults T. confusum were placed in vials (75 x 23 mm) containing 2 grams of either whole wheat flour on Fraenkel’s medium, and replicated 10 times.  The vials were held at 240c.  and 35% R.H. for the duration of the observation.  The T. confusum immediately burrowed into the whole wheat flour and remained there.  When shaken to the surface or sifted out and replaced on the surface, they rapidly burrowed into the flour.  Very few adults placed in the defined medium burrowed into it, most of them stayed on the surface in constant motion.  When shaken into the medium, they moved to the surface within 30 minutes of less.  This condition remained constant for the 35-day duration of the observation.  At the end of this time 25% of the adults in Fraenkel’s medium were dead while 10% were dead in the whole wheat flour.  Physically, the defined medium was somewhat coarser than the flour; both passed a 0.42 mm screen but only 50% of the defined medium passed a 0.21 mm screen while 100% of the flour passed through.

SCHEINBERG, ELIYAHU and SHIRLEY WOLFE

Population Genetics Institute and Statistical Laboratory

Purdue University

Lafayette, Indiana

*  A new approach to data processing in selection experiments

The rapid development of high speed computers has been to the advantage of biologists.  Data processing is fast, efficient and allows a complete analysis.


We have chosen to present a computer program developed in order to analyze genetic data in a selection experiment using Tribolium castaneum as the experimental organism.  The program is written in the Fortran IV computer language and executed on the IBM 7094 with the IBM 1401 as input-output device.


The selection experiment is designed to compare the efficiency of tandem selection versus restricted index selection.  The mating system is single pair matings.  Five individuals are measured for each pair mating and information on the following traits is recorded: number of larvae per pair mating, 13 day larval weight, developmental time, and pupal weight within 24 hours after pupation.  (Daily gain is also computed as a function of the last three traits.)  There are seven populations each with fifteen pair matings.  The experiment was replicated three times in each generation and has been run for eight generations of selection.


The program provides for an extensive analysis and estimation of population parameters.  This is accomplished in a very simple fashion by generating four types of 5 x 5 cross product matrices, each type including four subtypes, and four 4 x 1 column vectors.  All analyses follow from this full set of matrices.


The output includes the following parameters which are estimated by combining respective elements in the above matrices for a given set of traits:

1. Population mean

2. Standard error of population mean

3. One-way analysis of variance and covariance

4. Genetic variance – covariance matrix

5. Environmental variance – covariance matrix

6. Phenotypic variance – covariance matrix

7. Heritability estimates (from variance components and all possible regressions of offspring on parent or mid-parent value in addition to realized heritability)

8. Standard errors of the above heritability estimates

9. Genetic correlations and their associated standard error (from variance – covariance components and using Hazel’s method – Genetics 28 : 1943)

10. Pooled estimates for parts 4-9.

11. Standardized and unstandardized selection differentials

12. Genetic gain

13. Restricted index selection

14. Relative efficiency of a given selection method

15. Correlated response to selection

The data can be presented in various arrangements on the page.  A summary is available at the end of each population for within replication analysis and at the end of each generation for pooled estimates.  The program will be further extended as soon as the seven dimension option is released by IBM.


This program is available upon request and can be easily modified to suit experiments of this type.  The method allows extension of the “one way” to the “hierarchal” classification.

SCHEINBERG, ELIYAHU and DORIS SHIDELER

Population Genetics Institute

Purdue University

Lafayette, Indiana

* Methods of egg separation in Tribolium castaneum and their effect on hatchability


Two methods of separating eggs from flour medium are employed in our laboratory.  One method involves hand sifting using a sifter with a No. 3 silk bolting cloth.  The second method involves a metal sifter with same sieve size placed over a vacuum system.

A 24 factorial experiment (replications, populations, methods and days) was set to determine the effect of hand method versus machine method used for separating 24 hours old eggs.  The system of mating is single pair matings with ten observations per each cell.


Analyses have indicated that both methods give equal results when considering number of eggs laid, number of eggs hatched and per cent hatchability.  Considering the time saved the machine method is to an advantage.

SHAW, .D.

Pest Infestation Laboratory

Slough, England

* Pleiotropic effects of mutants affecting eye color in seven species of Coleoptera

Since the eye-color mutations in several flies, moths and cockroaches produce a lightening in the color of the malpighian tubules, testes and brain, several beetles homozygous for eye-color mutations have been examined for similar pleiotropic effects.  Adult Dermestes maculates (pearl), Carpophilus dimidiatus (pearl), Gnathocerus cornutus (pearl), Oryzaephilus surinamensis (pearl), Tribolium confusum (pearl), Tribolium castaneum (pearl and red) and Cryptolestes turcicus (red) were found to have pale or transparent malpighian tubules.  These contrasted with the respective wild-types, in all of which the malpighian tubules were dark brown or black.  The differences in the “pearl” and “normal” T. confusum were particularly marked and in this species the malpighian tubules could be seen in the living beetles through the abdominal tergites after removal of the elytra and wings.  No marked differences in testes color were seen.


Studies on other mutants and feeding experiments with tryptophan derivatives are in progress.

SINHA, R.N.

Research Station,

Canada Department of Agriculture

Winnipeg, Manitoba

Development of Tribolium castaneum and T. confusum on seed-borne fungi

The life-history of T. castaneum and T. confusum were studied in the laboratory on 10 species of fungi isolated from deteriorating stored wheat and grown on potato-sucrose agar slants at 300 ± 10c. and 70 ± 3% relative humidity, as a part of a project on the interrelation of insects, mites and fungi to deterioration of stored grain in Western Canada.  T. castaneum Herbst could complete its life cycle from egglaying to adult emergence, on Alternaria, Curvularia, Fusarium, helminthosporium, Hormodendrum, Mucor, Nigrospora, Scopulariopsis, Stemphylium in 22 to 141 days.  When reared on fungus-free agar slants, the insects died in the first instar.


T. confusum completed its life cycle, from egg to adult, on Absidia, Alternaria, Curvularia, Hormodendrum, Mucor, Nigrospora, and Stemphylium in 27 to 108 days.  T. confusum did not develop on agar slant controls.


None of the Tribolium species developed on Penicillium or Aspergillus which are most commonly found in deteriorating stored grain.  The results of the studies will be published in detail elsewhere.

SOKOLOFF, A.

Department of Genetics

University of California

Berkeley, California

* Pleiotropic effects of sex-linked and autosomal genes in Tribolium

Among the mutants already described for T. castaneum it has been noted that Fused tarsi and antennae (Fta), an autosomal dominant with recessive lethal effects and the various autosomal dominant, semidominant or incompletely recessive alleles at the Sa locus (Sa and Sa-1 to Sa-4 and sa, sa-1 and sa-2) have effects on various appendages: Fta reduces the antenna-meres to as few as two or three, and the tarsus to two, more often to one tarsomere in all pairs of legs and causes the elytra to be split.  The dominant alleles at the Sa locus cause mild to severe fusions of the antennae, these appendages often appearing curved, and some alleles (predominantly Sa-1 and Sa-2) cause the tibiae to be formed in a gnarled, knotted or twisted condition.  The original Sa and other alleles, in strong expression, may also cause the proximal tarsomeres to fuse with the tibia.  The sa alleles affect the antennae in a manner similar to that of Sa, but the effect on the legs is primarily on the femur (this podomere becoming short and thick), although not rarely the tibia may be formed in a curved shape.


The purpose of this note is to draw the attention to the fact that other genes (one already known for quite some time) also have pleiotropic effects.


Two sex-lilnked genes are known to affect the antennae differentially in the two sexes: Park and Frank (1951) described paddle (pd), a recessive which causes a fusion of the club segments.  In the female (pd) the effect (with few exceptions which may resemble the male in expression) is confined to the antennal club, which may be variously fused.  Usually fusion involves segments 9-10 or 10-11, but both antennae need to be examined since one may exhibit fusions and the other may be free of them.  In the male the club segments are fused into a solid mass resembling a paddle; in addition, there is a loss of one or more funicular segments.


Park and Frank (l.c.) apparently were unaware that pd has effects on structures other than the antennae.  The writer has recently found the tarsus (primarily of the middle legs, but the tarsi of other legs may show the same defect) is variously modified: The penultimate tarsomere may be reduce in size and displaced off the longitudinal axis, lying more or less under the preceding tarsomere or the last two tarsomeres may be fused with few remaining hairs remaining as evidence of segmentations; or the segment may be completely missing.  More proximal tarsomeres may also be affected.  As in the case of the antennae, the effect on the tarsi is sex-influenced, being more frequent and pronounced in males.  In a sample of the original pd strain recently provided by Dr. Thomas Park, University of Chicago, 83/243 males (34.1 per cent) and 4/126 females (3.2 per cent) exhibited tarsal fusions, malformations or elimination of segments.  A sample of the abnormalities observed in the males can be seen in Table 1.

The four females found to have abnormal tarsi had these abnormalities:

1. Fourth tarsal segment of second right leg and third of left hind leg reduced.

2. Fusions of segments 3-4 of right hind leg; fourth of middle left reduced.

3. Symmetrical reduction of fourth tarsal segment of both middle legs.

4. Right legs normal; fourth segment of foreleg and third segment of hind leg reduced.

The pd gene also affects productivity:  it has been found to be more productive (Phillips and McDonald, 1958) or less productive (Bartlett, Englert and Blair, 1962) than wild type.

Dawson (1964, TIB 7:39) gave a brief description of serrate (ser) and in preliminary studies noted that this sex-linked recessive expressed itself differently in the antennae of the two sexes. The writer, trying to establish further the location of ser noted that the tarsi were also affected, and indeed the identification of this mutant is made more certain if the tarsi are examined since in certain cases the antennae appear entirely normal.  In a survey of 50 females over 50 per cent showed antennal fusions in the funicle or in the club, 18 per cent showed fusion in both the funicle and club and 30 per cent showed no antennal fusions whatsoever (both antennae having been scored).  Of 50 males examined, one male showed no antennal fusions; 80 per cent showed fusions of the club and funicle and the remaining 14 per cent were about equally divided: six per cent showed fusions of the funicle, eight per cent of the club.  The same females, scored for tarsal fusions, showed a reduction or fusion of tarsi in at least one of the middle legs in at least 56 per cent of the cases; 30 per cent showed reductions or fusions of the middle and hind legs; the remaining 14 per cent had reductions in tarsomeres of at least one member of the front and middle legs, but only in two females did the effect extend to the hind legs.  In the males, almost half had a reduction in tarsomeres of at least one member of all three pairs of legs. In the remaining beetles, the tarsus of the first pair of legs was not affected, but the tarsi of the middle legs were reduced by one or two segments; in only nine out of the 50 males examined there were no visible deformities of the hind legs.  Thus, for both sexes, the tarsi of the middle legs provide the best criterion for classification of ser.  A sample of 10 males and 10 females from the established stock were scored for antennal fusions and the numbers of tarsi.  The results are given in Tables 2 and 3, respectively.
It is of interest to note that ser and pd are not allelic, but the two genes are very closely linked, since ser is located less than one unit to the right of r (unpublished data of P.S. Dawson) and pd is approximately one unit to the right of r.

Among the autosomal genes known for T. castaneum, to alleles of antennapedia (ap and apD) serve to identify linkage group VIII.  Of the two alleles, perhaps apD is more strongly expressed (although ap has not been examined as often as apD) with the following parts of the body of the beetle being affected:  The distal nine segments of the antenna are usually replaced by what appears to be a large irregular block of sclerotized material and a usually distinct tarsus.  The large block presumably represents the first four leg segments.  The “antennal tarsus”, when well expressed, consists of five segments plus the typical tarsal claws at the end; thus it is similar to the tarsus of the first two pairs of legs.  In addition, the spurs normally found at the end of the tibia are usually present on the mutant antenna.  (Figured in Sokoloff and Dawson, 1964, Linkage studies in T. castaneum IX.)  Furthermore, in the adult, the metathorax is reduced in length to about two-thirds of the normal, and its medial surface is protuberant, giving the beetles a “humped” ventral appearance.  The dorsal surface of the elytra appears more convex.  In addition the two distal tarsomeres in all three pairs of legs fail to separate completely.

In this issue several autosomal mutants designated as “fused antennal segments” are described.  Two of these are of interest because they affect the antennae and the tarsi: fas-3a is a stronger allele of fas-3.  The latter, when first discovered, had only a mild effect on the antennae, and no effect on the tarsi (see TIB 6:24).  The effects of the new allele can be seen in Tables 4 and 5.  In many cases the antennameres are fused into whole blocks with no identifiable segmentation, but generally the antennae do not appear excessively reduced in length.  In the case of the tarsi, similar long blocks are formed, sometimes the only evidence of segmentation are a few hairs which develop in their corresponding position when the tarsus is divided into tarsomeres.  It is clear that, although there is no apparent difference in the fusion of antennameres, the effect on the tarsomeres is more pronounced in the males.  (It may be pointed out that fas-3, has now been kept in stock for at least three years, and still exhibits only mild fusions of the antennal segments.  A recent re-examination of this stock yielded two beetles out of 20 scored which exhibited mild fusions of the tarsal segments.)
The last mutant to be considered for T. castaneum is Fas-5.  Details on its mode of inheritance can be found in the section on new mutants.  The effect on the antennae in the two sexes is summarized in Table 6, and it appears from this limited sample that males are more strongly affected than females.  The effect on the tarsi is summarized in Table 7, and it is clear that this gene does not affect the tarsi very often, but it is of interest that in some cases the first tarsus fuses with the tibia.  (A similar condition has recently been observed in a stock of Sa obtained from Purdue.)

Finally, attention is drawn to one mutation in T. confusum: stilted legs (stl) was described in TIB 5:18.  It was noted that the effect of stl was a shortening of the femur and a variable fusion of the tarsi.  In addition, as can be seen in Table 8, the antennae can become variously fused.

It is clear from the present survey that a number of mutants now are known for Tribolium which exhibit pleiotropic effects.  (A number of other mutants such as aer and ptll also have effects on a number of body structures, but they have not been included here for the sake of brevity.)  A fairly large proportion affect major taxonomic characters.

It is also noteworthy that there are now available a number of genes which are classified as alleles, but they produce a different phenotype.  The most striking ones perhaps are those included in the ap locus. The effect of apD has been described above.  By way of comparison, the reader is referred to the description of apS in the New Mutant section.  This allele increases the number of segments in the antenna in some and produces a club-like structure.  Further differences between apD and apS can be found in the effect on the metathorax and the effect on the tarsi.  It is quite possible that these instances may represent examples of pseudoalleles, but it is clear that the proof that they are indeed pseudoalleles will require the examination of very large numbers of beetles.
(The writer is indebted to Mrs. Marjorie Hoy for scoring fusions of tarsi and antennae in the fas-3a and Fas-5 mutants.)

Table 1 :Tarsal abnormalities observed in paddle males

(The numbers indicate tarsomeres numbered from proximal to claw-bearing segment.  Numbers joined by a dash indicate a fusion of those segments.  The letter “s” indicates a tarsus reduced in size.)

	No.
	Right leg
	Left leg

	
	I
	II
	III
	I
	II
	III

	1
	
	4s
	
	
	1-2
	3s

	2
	
	
	
	
	4s
	3s

	3
	
	4s
	3s
	
	4-5
	3s

	4
	
	
	3s
	
	1-2; 4s
	3s

	5
	
	
	3s
	
	4s
	2-3

	6
	
	4s
	
	
	4s
	3s

	7
	4s
	1-2; 4s
	3s
	
	4s
	3s

	8
	4s
	1-2; 4s
	2-3
	
	4s
	2-3

	9
	4s
	4s
	2-3
	4s
	4s
	2-3

	10
	4s
	4s
	
	
	4s
	3-4

	11
	
	
	
	
	
	3s

	12
	
	4s
	3s
	
	4s
	3s

	13
	
	4s
	3s
	
	4s
	3s

	14
	4s
	4s
	2s; 3-4
	4s
	1-2; 4s
	3s

	15
	4s
	1-2; 4s
	3s
	4s
	4s
	3s

	16
	4s
	4s
	3s
	4s
	4s
	3s

	17
	4s
	4s
	
	
	4s
	3s

	18
	4s
	4s
	3s
	4s
	4s
	3s

	19
	
	4s
	3s
	
	4s
	3s

	20
	
	4s
	
	
	4s
	


Table 2: Fusions in the serrate mutant

(Numbers represent the antennameres numbered from proximal to distal.  Fusions of adjoining segments are represented by a dash. Where more than two segments are fused to each other the dash connects the proximal and the most distal antennamere of the fused block.)

	No.
	Males
	Females

	
	Right
	Left
	Right
	Left

	1
	4-5, 10-11
	4-5, 10-11
	4-5, 9-11
	4-5, 9-10

	2
	4-5, 6-7, 8-9,  10-11
	4-5, 6-7, 8-9
	10-11
	9-10

	3
	4-5
	4-5, 6-7
	0
	0

	4
	9-10
	9-10
	0
	0

	5
	4-5, 10-11
	6-7, 10-11
	8-9
	0

	6
	4-5, 6-7, 10-11
	4-5, 9-11
	0
	0

	7
	4-7
	4-8, 9-11
	0
	0

	8
	3-5, 9-10
	3-5, 9-10
	0
	10-11

	9
	3-7, 8-9
	4-5, 6-7, 9-10
	9-11
	10-11

	10
	4-5
	4-5
	10-11
	10-11


Table 3:  Numbers of tarsomeres in 10 males and 10 females derived from the serrate stock.  A figure followed by a decimal indicates partial fusion of adjacent tarsomeres.

	No.
	Males
	Females

	
	Leg 1
	Leg 2
	Leg 3
	Leg 1
	Leg 2
	Leg 3

	
	R
	L
	R
	L
	R
	L
	R
	L
	R
	L
	R
	L

	1
	5
	5
	4
	3.5
	4
	3.5
	4.5
	5
	4
	4
	3.5
	4

	2
	5
	5
	4
	4
	4
	4
	5
	5
	4
	4
	4
	4

	3
	5
	5
	4
	4
	4
	4
	5
	5
	4.5
	4
	4
	3.5

	4
	4
	4
	3.5
	3.5
	3
	3.5
	5
	5
	4.5
	4
	4
	3.5

	5
	4.5
	4.5
	4.5
	4
	3.5
	4
	5
	5
	4
	4.5
	4
	4

	6
	5
	5
	3.5
	3.5
	3.5
	3.5
	5
	5
	4
	4
	4
	4

	7
	4
	4
	3
	3
	3
	3
	5
	5
	4
	4
	4
	3.5

	8
	5
	5
	4
	4
	4
	4
	5
	5
	4
	4
	3.5
	4

	9
	4.5
	5
	3.5
	3.5
	3.5
	3.5
	4.5
	4.5
	4
	4
	3.5
	4

	10
	5
	5
	4
	4
	3.5
	3.5
	5
	5
	4
	3.5
	4
	4


Table 4 : Antennal fusion in the fas-3a mutant

	No.
	Males
	Females

	
	Right
	Left
	Right
	Left

	1
	3-5, 6-7, 8-9 

10-11
	3-7, 8-9, 10-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11

	2
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11

	3
	3-11
	3-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11

	4
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11
	3-7, 8-11
	3-7, 9-11

	5
	3-7, 8-11
	3-11
	3-5, 6-7, 10-11
	3-5, 6-7, 8-9, 10-11

	6
	3-7, 8-11
	3-11
	3-5, 6-7, 9-11
	3-5, 6-7, 9-11

	7
	3-7, 8-11
	3-7, 8-11
	3-5, 6-7, 10-11
	3-5, 6-7, 9-10

	8
	3-5, 6-7, 10-11
	3-5, 6-7, 10-11
	3-5, 6-7, 10-11
	3-5, 6-7, 9-11

	9
	(1-2) (3-4) (5-8) (9-11)
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11
	3-5, 6-7, 8-11

	10
	3-5, 6-7, 8-11
	(3-5) 6-7 (8-11)
	(3-7) (8-11)
	(3-11)


Table 5 :  Tarsal fusions in the mutant fas-3a in T. castaneum.  The numbers in parenthesis show the total numbers of tarsomeres observed.

	No.
	Males
	Females

	
	Leg 1
	Leg 2
	Leg 3
	Leg 1
	Leg 2
	Leg 3

	
	R
	L
	R
	L
	R
	L
	R
	L
	R
	L
	R
	L

	1
	4-5
	4-5
	(4)
	(3)
	3-4
	(3)
	0
	0
	0
	0
	0
	0

	2
	(4)
	(4)
	(3)
	(4)
	(3)
	(3)
	(4)
	(3)
	(4)
	(4)
	(2)
	(3)

	3
	(3)
	(3)
	(3)
	(1)
	(1)
	(1)
	0
	0
	0
	(4)
	(3)
	(3)

	4
	(3)
	(4)
	(3)
	(4)
	(2)
	(3)
	(3)
	(3)
	(3)
	(3)
	(3)
	(3)

	5
	(4)
	(4)
	(4)
	(3)
	(3)
	(3)
	(4)
	(4)
	(4)
	(4)
	(3)
	(3)

	6
	(4)
	(4)
	(3)
	(4)
	(3)
	(3)
	0
	0
	0
	0
	0
	0

	7
	(3)
	(3)
	(3)
	(3)
	(2)
	(3)
	0
	0
	0
	0
	0
	(3)

	8
	(4)
	(3)
	(4)
	(4)
	(3)
	(3)
	(3)
	(3)
	(4)
	(3)
	(3)
	(2)

	9
	(3)
	(3)
	(3)
	(3)
	(2)
	(3)
	(1)
	(2)
	(2)
	(2)
	(2)
	(2)

	10
	(4)
	(4)
	(4)
	(4)
	(3)
	(3)
	0
	0
	0
	0
	0
	0


Table 6 : Antennal fusions in the Fas-5 mutation in T. castaneum

	No.
	Males
	Females

	
	Right
	Left
	Right
	Left

	1
	3-8
	3-8
	2-8
	3-7, 8-9, 10-11

	2
	5-8
	4-5
	3-8
	3-8

	3
	5-8
	6-8
	4-5, 7-8
	4-5, 7-8

	4
	3-8
	3-8
	3-4, 6-8, 9-10
	4-5, 6-8, 9-10

	5
	5-8
	3-8
	4-5, 6-8
	4-5, 6-8

	6
	5-8
	4-8
	4-5, 6-8
	4-5, 6-8

	7
	5-8
	5-8
	4-5, 6-8, 9-10
	4-5, 6-8

	8
	6-8
	5-8
	4-5, 6-8
	4-5, 6-8

	9
	4-5
	4-5
	4-5, 6-8
	4-5, 7-8

	10
	4-8, 9-10
	5-6, 7-8, 9-10
	4-5, 6-8
	4-5, 7-8


Table 8: Antennal fusions in stilled legs. T. confusum.

	Male
	Female

	Right
	Left
	Right
	Left

	0
	0
	7-8, 9-10
	4-5

	7-8
	9-10
	7-8
	9-10

	0
	7-8
	7-8, 9-10
	7-8, 10-11

	9-11
	10-11
	7-8, 9-10
	7-8, 9-10

	
	
	7-8, 9-10
	7-8

	10-11
	10-11
	7-8
	7-8, 10-11

	9-10
	0
	0
	7-8, 9-10

	4-5, 7-8
	10-11
	4-5
	9-10

	9-11
	9-11
	4-5, 9-10
	9-10

	4-5, 9-10
	9-10
	10-11
	10-11

	2-3, 4-5, 10-11
	2-3, 4-5, 9-11
	7-8, 10-11
	7-8, 10-11

	0
	3-4, 10-11
	9-11
	10-11

	5-6, 9-11
	5-6, 9-11
	5-6, 9-10
	5-6, 7-8

	7-8, 10-11
	0
	7-8, 9-10
	7-8, 9-10

	7-8, 9-10
	7-8, 9-10
	0
	9-10

	
	
	7-8, 9-10
	7-8, 9-10

	0
	0
	5-6, 9-10
	7-8, 9-10

	
	
	7-8, 9-11
	5-6, 9-11

	
	
	7-8, 9-10
	7-8, 9-10

	
	
	0
	5-7, 9-10
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* Revised linkage maps in Tribolium castaneum and T. confusum

Linkage maps in Tribolium castaneum. – The linkage relationships of a number of genes have been determined.  They are summarized in Fig. 1.  Gene symbols given in parenthesis have been identified with that particular linkage group, but their map position is yet to be ascertained from three point crosses.  The maps are based on the data given below.  In certain cases the data have not yet been published.  In other cases indicated in brackets, the experiments need to be or are being, repeated, particularly for certain genes which have incomplete penetrance or marked reduction in viability, and for which the data appear inconsistent.
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Fig 1. : Linkage maps in Tribolium castaneum 
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Linkage maps in Tribolium confusum. – The maps given in Fig. 2 are based on the following linkage data some of which has been published (Sokoloff, 1964).

[image: image10.emf]

In addition, to the following have been tested and proved to segregate independently: b from lod, fas-2; e from cas, ele, fas-1, fas-2, lod, p, rsy, sti, and stl; fas-2 from ele and lod; rus from ble; p from umb.

Fig. 2:  Linkage maps in Tribolium confusum
[image: image11.emf]


+  Some crosses give these recombination values, but others give values nearer 50 per cent.  Three point crosses have not been carried out.

‡  Dawson, personal communication, has determined that thu and dj are jot linked to b, p and e.  They are here, therefore, assigned as markers of linkage groups IV and VI, respectively.

SOKOLOFF, A.
Department of Genetics

University of California

Berkeley, California

* Further remarks on sta (spikes on trochanters and antennae).

This homeotic mutant has been found three times in this laboratory.  Two of these occurrences were found about two years apart in crosses involving squint, and it is possible that the genes, owing to their incomplete penetrance, may have been overlooked.  But the third occurred in descendants of an irradiated normal male mated with an unirradiated female, both kindly provided by Dr. Howard E. Erdman of the Biological Laboratory, Hanford Laboratories, General Electric Company, Richland, Washington, from a Brazil strain which was not available at this laboratory (and which also yielded the rt, akb and jac mutants described in the mutant section.  The following description is from a well-established stock which was founded from beetles found in the course of determining the frequency of crossing over between ap and sg.  (Some ap and sg beetles occasionally appear, indicating these genes are present in a few heterozygotes.)


The history of sta is as follows:  several males and females were found among the progeny of a single pair mating which attracted the writer’s attention because the dead or dying imagoes had failed to shed the pupal skin.  When the pupal skin was removed, the trochanters of all the legs and the second antennal segment exhibited very large spike-like growths.  Their parents were transferred repeatedly to fresh food and they produced a number of additional sta beetles with less marked effects, sometimes the spikes being confined to the antennae (but not necessarily arising from the second antennamere) or to the trochanters.  Mated inter se for several generations sta beetles produced but a few individuals resembling their parents.  A chance examination of the larvae in the stock jar by my assistant Mrs. Marjorie Hoy revealed that sta has a distinctly recognizable effect on the larvae: the legs may exhibit fleshy growths, apparently originating from the trochanters, which may be almost as large as the whole leg, they may be modified in various ways, sometimes resembling the antennae of prothetelous individuals, and occasionally being completely duplicated.  While the incidence of abnormal larvae now approaches about 80 per cent in the stock, the incidence of imagoes drops to a very low level.  The leg growths apparently are resorbed at metamorphosis, and imagoes emerging from larvae known to have leg or antennal abnormalities may appear normal.  The range of expression of the antennae in affected sta adults has become quite variable: spikes may originate from different antennameres even in one individual.  The spikes may be small and pointed, or very long, and filamentous.  Some spikes may exhibit various degrees of segmentation.  In many individuals instead of spikes there may be segmented branches arising at any point of the antenna, or the antenna may be completely duplicated.  Examples of these various phenotypes are shown in the accompanying figure.

It is clear that some of the sta beetles, judging by the appearance of the antennae, resemble the bra phenodeviant described by Dawson (compare with Fig. P).  Unfortunately bra was no longer available, having been lost owing to infertility following intensive inbreeding and selection.  Hence, it was not possible to compare bra and sta larvae.  A stock was available of the earlier sta-like mutation found in this laboratory in other crosses involving sg.  When first found, this mutant had a small process arising from the second antennal segment and it was designate horned antennae (ha).  In crosses carried out by Mr. Richard Paige, one F3 were obtained with fused tarsi and the tibia of the left middle leg swollen and segments 3-5 of the right antenna fused.  In another creamer a male was found with segments 2-3 of both antennae fused; the tibia of the left middle leg had a spike-like branch and the left hind leg was badly deformed.  In other F3 creamers were found rare individuals with branched antennae.  Tests of allelism between ha and sta revealed that they are the same gene.

Thus, in ha some individuals possessed supernumerary growths in the tibiae, while in sta these growths arose from the trochanter.


In Balazuc’s (1948) monograph on the teratology of Coleoptera the following species of beetles are cited and illustrated whose antennae are two-branched or three-branched: Ibidion sp., Dihammus musivus, Rhamnusium bicolor, Magdalis barbicornis, Collops tricolor, Zabrus ovalis, Arthrodactylus elongatus, Lucanus cervus, Julodis Clovei, Cantharis pellucid, Carabus obsoletus var euchromus, Macrotoma sp. Prope senegalensis, Neodocardion egregium, Odontolabis Stevensi.  Jayne (1880) reported a Prionus californicus with all three pairs of legs duplicated entirely beyond the femur (cited and illustrated in Balazuc, p. 170).  Balazuc himself described and figured (p. 172) a Lagria hirta which an addition to fusion of segments 3-4 and 5-6 of the right antenna, had spike-like processes arising from the femur of all three legs, and from segment eight of the left and from segment ten of the right antenna.  I believe that the sta mutation may provide a genetic explanation for such monsters as have been cited in the teratological literature.

The writer is indebted to Mrs. Barbara Daly for drawings A-0 and to Mr. Roger St. Hilaire for drawing P.  All the reference cited above can be found in Balazuc, J. 1948.  Mem. Du Mus. Nat’l.  d’Histoire Naturelle 25: 1-293.
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* Further comments on mutants with juvenile-urogomphi-like appendages in the adult Tribolium castaneum

Three independent occurrences of mutations producing urogomphi-like or setigerous-like appendages near the anal opening have been recorded for this beetle by the writer: juvenile urogomphi, ju (TIB 6:25); elongated juvenile urogomphi, eju (TIB 7:35) and reduced juvenile urogomphi, rju (TIB 7:36).  The first two are recessive and might be recurrences of the same mutation, although they appeared in unrelated stocks; the third is undoubtedly a different mutation, since it overlaps wildtype in dominance in certain crosses.  Since its discovery eju has become closer to ju in phenotype; rju on the other hand, primarily produces very tiny setigerous structures.  Preliminary crosses suggested that none of these mutants was allelic, but preliminary results from linkage tests indicate eju and rju may be in the same linkage group (IV) as ju.

A few months ago through the courtesy of Dr. Howell V. Daly, Department of Entomology and Acarology, of this University, the ju material was examined by phase contrast microscopy, and photographs taken of ju males and females and of the urogomphi in the normal larva and normal pupa.  The photographs, too large and too costly to reproduce in TIB, will be published elsewhere, but sketches from them, considerably reduced, are given in Figs. 1-4.  In the larva (Fig. 1) the urogomphi are pointed structures which are triangular and very broad at the base.  There is no evidence of folds.  In the pupa (Fig. 2) the urogomphi also appear triangular, but much more narrow.  The distal third appears smooth, but the proximal two-thirds of each urogomphus appears creased or thrown into folds.  The ju adults studied exhibited large urogomphi-like appendages.  The photograph of the male appendages reveals the same characteristics exhibited by the pupal urogomphi: the tips are smooth but the bases exhibit the same type of folds (Fig. 3).  In the female (Fig. 4) these folds extend more distally than in the male, and the entire appendages appear less heavily sclerotized.  The only observable differences between the structures in the adult and the pupa appear to be at the base.  While in the pupa the urogomphi are narrow at the tip and gradually broader toward the base, in the male adult they appear broadest somewhat distally from the point of attachment, and they become narrow at the point of origin.  There is some evidence of a sclerotized double “articulation” lying within the posterior segment.  In the female there is also a decrease in size of the urogomphi at the base, but the double “articulation” seems to be missing, the urogomphi being attached to the body (lateral to the anal opening) by a membranous cuticle.


The photographs, hence, reveal that in the ju mutant the structures appearing near the anal opening are indeed urogomphi, and the term “juvenile urogomphi” is not at all misleading.
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It would seem that the mutation is an example of paedomorphosis, although the term was originally used by Garstang (1898) and later developed by De Beer for vertebrates (1930) (see review by Gregory, W.K., 1946, Quarterly Rev. Biol. 21:354) to describe the retention of embryonic or larval characters in the adult.

(See comments by Crowson above.  Ed.)

SOKOLOFF, A. and MARJORIE ANN HOY

Department of Genetics

University of California

Berkeley, California

* Possible genetic basis for prothetely in Tribolium castaneum and Latheticus oryzae

In holometabolous insects in which the larva has external legs the imaginal legs form within the larval legs and grow within the larval cuticle.  The elytra and membranous wings form within pockets of the larval epidermis.  Adult legs and both types of wings are not extended until the moulting of the last larval skin in the pre-pupa.  In prothetely the imaginal legs and wings are prematurely extended in the larva.  In Tribolium this may occur when larvae are exposed to high concentrations of quinones or other gases.  A number of such cases have been recorded (see, for example, R.H. Chapman, 1926, J. Exp. Zool. 45 : 293-299; L.M. Roth and R.B. Howland, 1941, Ann. Ent. Soc. Amer. 34 : 151-175).  Recent observations of two mutant strains in T. castaneum and L. orzyae suggest that prothetely might have a genetic basis.  The strains referred to are sta (spikes on trochanters and antennae) in the first species and ele (elongated elytra) in the second.  The rather high incidence of prothetelous individuals in sta was first observed by one of us (M. A. H.) in the course of selecting for the sta character.  Since we were aware that quinones have this effect, we collected eggs from sta beetles and reared these in the absence of imagoes (odoriferous glands are formed in the pupal stage and teneral adults if excited are capable of secreting quinones from the thoracic glands).  In this culture were found a number of larvae exhibiting prothetely.  Unfortunately, these individuals failed to metamorphose as is usual for these precocious individuals.

In ele one of us (A. S.) noticed a number of prothetelous individuals.  In this culture there were 30 adults and over 100 larvae, and 15 of these had either partial or complete eversions of the elytra and/or membranous wings.  It may be argued that these individuals may have been exposed to quinones, since the parents and their progeny were in the same culture.  This is undeniable, but in the senior author’s experience in working with these species such an event may usually happen when the whole contents of a culture are removed from the flour, and left in a container for a few hours, and then only one or two larvae exhibit these abnormalities.  Never have the larvae appeared prothetelous as in these cases immediately after removal of the beetles from the flour.

At this writing, it is not known whether prothetely in these two strains is genetically or environmentally induced, but material now has become available to test whether this phenomenon has genetic basis, and further tests are under way.

SOKOLOFF, A., I. MICHAEL LERNER, and F.K. HO

Department of Genetics,

University of California

Berkeley, California

* Sudden elimination of T. confusum by T. castaneum in different media


The experiments reported here were designed to study the outcome of competition between T. castaneum (henceforth referred to as CS) and T. confusum (CF) in diets different from the standard whole wheat flour plus yeast used in previous studies (see, for example, Park, Leslie and Mertz, 1964 and Lerner and Ho, 1961).


The experiments were initiated with 10 pairs each of ten-day old CS and CF derived from our synthetic strains in each of 10 vials containing rice flour plus five per cent brewer’s yeast.  This experiment was repeated in its entirety.  Subsequently, a third experiment, of the same experimental design, was performed with soy flour plus five per cent brewer’s yeast.  All three experiments were carried out in a converted Jamesway incubator maintained at 290c. and 70% relative humidity.  The food was renewed every month, the populations were continued with the preadult stages, and the adults found at each census scored and discarded.


The results, reported in Tables 1 and 2 as fractions give the numbers of CF in the numerator over the total numbers of CF and CS observed at that census.  It is evident that CF, in rice plus yeast, fails to show up in most vials beyond the second census period, and in soy plus yeast it failed to appear in half of the vials at the third census.  It may be pointed out that this phenomenon has also been occasionally observed when these two species are introduced in whole wheat flour plus yeast (Dawson, personal communication).


The early elimination of CF cannot in any way be attributed to competition.  Rather, it must be explained by an inhibition of reproduction of CF by CS.  These instances then may represent further examples of an analogous situation, previously reported by Lloyd and Park (1962, Physiolog. Zoology, 35:330), of mortality resulting from interactions between the adults of these two species.
Table 1.  Numbers of adults of T. castaneum (CS) and T. confusum (CF) observed at different transfer periods in rice plus yeast.  (Fractions represent numbers of CF over the total CS and CF observed at that census.  Upper block, first experiment; lower block, repeat experiment.

	Replicate
	0
	1
	2
	3
	4
	5
	6

	1
	20/40
	22/41
	0/67
	0/46
	0/102
	0/51
	0/62

	2
	20/40
	19/40
	0/114
	0/23
	0/58
	0/50
	0/75

	3
	20/40
	18/38
	0/82
	0/40
	0/54
	0/33
	0/44

	4
	20/40
	20/40
	0/71
	0/19
	0/53
	0/27
	0/56

	5
	20/40
	20/38
	0/82
	0/31
	0/44
	0/61
	0/35

	6
	20/40
	20/40
	0/80
	0/27
	0/54
	0/70
	0/47

	7
	20/40
	20/40
	0/99
	0/18
	0/68
	0/45
	0/49

	8
	20/40
	20/40
	0/91
	0/37
	0/66
	0/52
	0/58

	9
	20/40
	20/40
	1/113
	0/29
	0/67
	0/53
	0/58

	10
	20/40
	20/40
	0/88
	0/21
	0/75
	0/28
	0/61


An additional set of 10 cultures set up to repeat the above:

	Replicate
	0
	1
	2
	3
	4
	5
	6

	11
	20/40
	20/47
	1/71
	1/60
	0/36
	0/42
	0/46

	12
	20/40
	20/35
	0/53
	0/74
	0/42
	-
	-

	13
	20/40
	20/42
	0/43
	0/94
	0/64
	-
	-

	14
	20/40
	20/50
	0/78
	0/66
	0/42
	-
	-

	15
	20/40
	20/56
	0/83
	0/52
	0/57
	-
	-

	16
	20/40
	20/48
	2/50
	0/67
	0/34
	0/40
	-

	17
	20/40
	19/46
	0/75
	0/68
	0/33
	-
	-

	18
	20/40
	20/42
	1/69
	0/52
	0/38
	0/33
	-

	19
	20/40
	20/52
	3/81
	0/74
	0/59
	0/45
	0/39

	20
	20/40
	20/47
	0/56
	0/71
	0/44
	-
	-


Table 2.  Numbers of adults of T. castaneum (CS) and T. confusum (CF) observed at different transfer periods in soy plus yeast.  (Fractions represent numbers of CF over the total CS and CF observed at that census.  Upper block, first experiment; lower block, repeat experiment.

	Replicate
	0
	1
	2
	3
	4
	5
	6

	1
	20/40
	20/40
	2/23
	0/22
	0/16
	2/27
	-

	2
	20/40
	20/40
	2/21
	2/20
	0/20
	0/10
	0/21

	3
	20/40
	20/39
	4/17
	2/23
	0/15
	0/37
	0/11

	4
	20/40
	19/37
	0/17
	0/14
	0/12
	-
	-

	5
	20/40
	19/39
	0/27
	0/13
	0/17
	-
	-

	6
	20/40
	20/40
	2/178
	2/26
	0/24
	0/15
	0/19

	7
	20/40
	19/37
	2/22
	1/16
	0/15
	0/18
	0/15

	8
	20/40
	20/40
	9/27
	1/17
	1/31
	0/17
	0/31

	9
	20/40
	19/38
	2/28
	0/20
	0/9
	0/23
	-

	10
	20/40
	19/39
	2/21
	0/19
	0/10
	0/31
	-


SONLEITNER, FRANK J.

Department of Entomology

The University of Kansas

Lawrence, Kansas

* Effects of hypothermy and tarsus-clipping on fecundity and longevity of Tribolium castaneum

Hypothermy has been described before (TIB 5:45) as a means of immobilizing beetles.  Tarsus-clipping has recently been investigated as a method of marking adult beetles.  While immobilized on a cold plate, part of the tarsus of a particular leg can be removed by the use of a tool made from a fragment of razor blade welded to the tip of a glass rod.  The following experiments were performed to reveal any effects of these treatments on the biological properties of the adults.


Hypothermy treatment (HP) involved exposing adults on a cold plate for 10 minutes.  Tarsus-clipping (TC) involved the amputation of a tarsus while the beetle was immobilized on the cold table.  Control (C) beetles received neither treatment.  Equal numbers were used for amputation of each of the six legs.  All beetles used were young (a few days after emergence) and were of two strains, wild type and bb.  They were kept at 850F., 70% relative humidity in a medium of fine sifted whole wheat flour plus 5% yeast.


Survival. – Within each treatment, 100 beetles (sex ratio 1:1) were kept in a small jar of medium.  Observations were taken on mortality each week.  The accompanying table shows no differential survival between the treatments.  The stars (*) indicate that the adults were observed to have lost additional tarsi.

Survival of wild type beetles:

	treatment
	Weeks

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	C
	100
	99
	99
	98
	97
	97
	97
	96
	94
	92
	
	86

	HP
	100
	98
	98
	98
	96
	95
	94
	93
	92
	91
	
	86

	TC (2 jars)
	100
	100
	100
	100
	100
	100
	100
	99
	98
	96*
	
	93*

	
	100
	100
	100
	100
	100
	100
	100
	100
	99
	99
	
	94*


Survival of bb beetles:

	treatment
	Weeks

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	C
	100
	99
	99
	99
	97
	97
	97
	97
	96
	91
	
	86

	HP
	100
	100
	100
	99
	98
	98
	97
	97
	96
	94
	
	90

	TC (2 jars)
	100
	99
	99
	99
	98
	98
	98
	97
	96
	95
	
	92*

	
	100
	100
	100
	100
	100
	99
	98
	97
	96
	95
	
	92*



Fecundity and fertility. – These were measured on single pairs set up in shell vials with 4 gms of medium.  Net fecundity was measured at 3-day intervals; fertility (% hatchability of eggs) at 6-day intervals.  There were 25 control, 25 hypothermy and 30 tarsus-clipped pairs (i.e., 5 of each leg; both beetles of a pair had the same type of mutilation).  The experiment was divided into 2 blocks; each being continued for 6 census periods.

Eggs/female/3 days ± standard error:

	Treatment
	Day

	
	3
	6
	9
	12
	15
	18

	Fecundity wild type block 1

	C
	52.2 ± 5.1
	63.1 ± 3.0
	65.4 ± 2.2
	59.6 ± 3.9
	69.5 ± 1.9
	63.7 ± 2.4

	HP
	38.3 ± 3.0
	52.8 ± 3.2
	61.1 ± 5.3
	64.7 ± 2.3
	69.2 ± 2.7
	63.6 ± 2.0

	TC
	41.6 ± 3.0
	56.1 ± 3.3
	63.9 ± 3.5
	60.7 ± 3.5
	68.7 ± 3.6
	64.6 ± 3.3

	Fecundity bb block 1

	C
	43.5 ± 3.1
	58.7 ± 3.0
	57.1 ± 3.3
	59.2 ± 2.5
	61.9 ± 2.4
	56.8 ± 2.4

	HP
	51.7 ± 1.5
	61.3 ± 1.6
	63.1 ± 2.2
	63.3 ± 1.8
	64.6 ± 2.2
	58.8 ± 1.4

	TC
	50.9 ± 2.4
	55.1 ± 3.1
	66.7 ± 2.4
	64.1 ± 1.9
	67.7 ± 1.9
	64.3 ± 2.1

	Fecundity wild type block 2

	C
	58.2 ± 5.5
	64.3 ± 2.9
	67.5 ± 3.2
	65.3 ± 3.9
	62.1 ± 4.0
	63.2 ± 2.6

	HP
	41.5 ± 4.4
	53.5 ± 4.2
	57.7 ± 4.0
	56.5 ± 3.2
	57.8 ± 3.0
	61.5 ± 3.0

	TC
	14.4 ± 3.1
	55.3 ± 4.1
	66.6 ± 2.1
	66.1 ± 2.7
	64.1 ± 4.0
	61.5 ± 3.1

	Fecundity bb block 2

	C
	59.3 ± 3.6
	71.5 ± 4.7
	66.2 ± 5.4
	60.8 ± 5.5
	61.9 ± 3.3
	60.1 ± 3.1

	HP
	62.7 ± 2.5
	59.7 ± 2.5
	67.4 ± 2.5
	58.3 ± 3.5
	62.7 ± 2.6
	57.3 ± 5.3

	TC
	25.7 ± 3.0
	62.5 ± 2.6
	64.6 ± 1.5
	60.5 ± 1.7
	61.9 ± 2.2
	58.1 ± 2.3



The above tables show that there tends to be a depression of fecundity for the first six days following either HP or TC treatments.  This is most pronounced in block 2 (bb HP is the exception), probably because the cold plate had a temperature closer to 00c. on that occasion. The effects of hypothermy are not as great as the combined treatment of hypothermy and tarsus-clipping. The bb strain seems to have been affected less than the wild type.

Although there were one or two exceptional replicates in all three treatments with consistently low fertility, in the majority of cases 90% or more of the eggs hatched.  (Larvae were removed each day to prevent their cannibalism of the remaining eggs.)  There was no corresponding depression of fertility immediately following the treatments and evidently mounting and copulation is not impaired by the lack of one tarsus on the male.

STANLEY, M. S. M.1
Department of Zoology and Entomology

University of Utah
Salt Lake City, Utah

* Dechorionation and in vitro culture of Tribolium eggs

As a preliminary step in obtaining organ and embryo cultures of Tribolium confusum it has been necessary to devise a method of sterilizing and removing the chorion.  Sterilization of the surface has been achieved by placing the eggs in Bouin’s fixative for five minutes.  The eggs are then rinsed in four changes of sterile distilled water and transferred aseptically to a strip of mending tape2 mounted sticky side up on the slide.  Quarter-inch masking tape is used to bind the mending tape to the slide.  After the water has evaporated, a fine needle or pair of jeweler’s forceps is used to dislodge the egg.  The chorion adheres to the tape and is thus broken.  As the egg is rolled on the tape, the remainder of the chorion is removed.  This technique is satisfactory for all eggs which are in the latter half of embryonic development.  At earlier stages the vitelline membrane is apparently too fragile to withstand such treatment; only a small portion of the younger eggs will survive dechorionation by this method.


Eggs dechorionated in this manner have been cultured in a variety of media, both solid and liquid (see Table 1).  Five to ten eggs were placed in about 5 ml. of medium in a tightly closed 4 dram screw-top vial.  Under these conditions a significant portion of the embryos complete their development and hatch.  It is startling sight to see flour beetle larvae wiggling in the surface tension of saline or struggling on an agar slant.  Larvae hatched in this manner have been transferred to dry media and have completed their life cycle normally.  Hatching success under varying conditions is shown in Table 1.  Discarded cultures were tested for sterility by addition of an equal quantity of double strength Na thioglycollate broth and incubation for 48 hours at 370c.  The majority of the cultures showed no growth.  All media contained streptomycin sulfate, penicillin “G” sodium and nystatin.


Although eggs normally hatch equally well at 25.5 and 330c., marked differences in the per cent hatch occurs when dechorionated eggs are simultaneously exposed to high temperature and high saline concentrations. Although all the figures are not statistically significant, the values obtained with equal milliequivalents of different ions suggest definite ion effects. Thus it appears that the vitelline membrane is permeable to certain ions. That it is permeable to water is demonstrated by the fact that dechorionated eggs rapidly shrivel if left on a dry surface in the air.  The relatively high per cent hatched in distilled water suggests that the vitelline membrane possesses some regulative ability.  The somewhat higher values for agars compared to salines of the same ionic compositions may be due to the certain availability of a gas phase or to reduced contract with the medium.  It should be noted that some of the eggs in the liquid cultures float.  In no case was the per cent hatch obtained in culture as high as that for the controls.

Table 1: Hatching Success of Eggs of Tribolium confusum

	Treatment
	Medium
	Temp. 
	Total Eggs
	Number Hatched
	Percent Hatched

	None
	Dry
	330c
	300
	230
	76.5

	Tape dechorionated
	0.18M v.s. +
	“
	49
	19
	38.8

	“
	0.27M v.s.
	“
	55
	10
	18.4

	“
	0.13M NaCl
	“
	48
	17
	35.4

	“
	0.26M NaCl
	“
	53
	6
	13.3

	“
	0.39M NaCl
	“
	51
	2
	3.9

	“
	0.26M KCl
	“
	52
	2
	3.8

	“
	0.13M CaCl2
	“
	50
	8
	16.0

	“
	0.13M MgCl2
	“
	50
	12
	24.0

	“
	0.13M Na2SO4
	“
	57
	9
	15.8

	“
	Distilled H2O
	“
	51
	17
	33.3

	Na hypochlorite
	0.18M v.s.
	“
	39
	0
	0.0

	None
	Dry
	290c
	255
	195
	76.5

	Tape dechorionated
	0.18M v.s.
	“
	28
	14
	50.0

	“
	0.18M v.s. agar‡
	“
	30
	20
	66.7

	“
	0.27M v.s.
	“
	29
	17
	58.7

	“
	0.27M v.s. agar
	“
	30
	14
	46.7

	“
	0.36M v.s.
	“
	29
	8
	27.6

	“
	0.36M v.s. agar
	“
	30
	17
	56.7

	“
	0.45M v.s.
	“
	29
	4
	13.8

	“
	0.45M v.s. agar
	“
	29
	9
	31.0

	“
	Distilled H2O
	“
	20
	7
	35.3

	None
	Dry
	25.50c
	120
	91
	76.0

	Tape dechorionated
	0.13M NaCl
	“
	51
	26
	51.0

	“
	0.26M NaCl
	“
	45
	7
	15.5

	“
	0.39M NaCl
	“
	50
	2
	4.0


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

+ v.s. = vertebrate saline; Oxoid Ringer’s Solution tablets manufactured by Consolidated Laboratories, Inc., Chicago Heights, Illinois.  Contain 9.0 parts NaCl, 0.42 parts of KCl, 0.48 parts of CaCl2 and 0.20 parts of NaHCO3.


‡ 2% Difco agar added to the saline.

1 This study was supported in part by NSF Fellowship No. 65087 and in part by a University of Utah Research Fellowship.

2 Scotch Magic Mending Tape, manufactured by Minnesota Mining and Manufacturing Co., St. Paul 6, Minn.


It is assumed that the per cent hatch reflects the compatibility of the medium and the embryonic tissues.  On this basis, this technique is suggested for testing and comparing the ionic components of possible tissue culture media.


It is interesting to note that Na hypochlorite sterilization (Park 1948), although working well on eggs allowed to hatch on a dry surface, is not successful for invitro culture.  Eggs were placed in a 5% solution of commercial bleach for 5 minutes, rinsed four times with distilled water and the swollen chorion removed with fine forceps.  None of these hatched.
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* Teratology in Tribolium confusum

During attempts to select for the cas mutant, an abnormality was found in the abdominal sternites of a single male.  In this specimen the third and fourth sternites appeared crossed as shown in Fig. 1.  Abnormality was not found among numerous individuals of the F1 or F2 generation.  The affected male appeared robust when dissected at nine months of age.  At that time it was demonstrated that there was one complete sternite and two incomplete portions filling the remaining spaces; the internal organs appeared normal.


[image: image16.emf]

1 Observations were made during tenure of NSF Fellowship No. 63087.

SURTEES, G.

Pest Infestation Laboratory,

Slough, England.

* The effect of isolated pockets of damp and mouldy grain on the behavior of the flat grain beetle, Cryptolestes ferrugineus

Adult C. ferrugineus accumulated with equal intensity in pockets of non-mouldy and mouldy grain of 18 per cent moisture content placed within larger bulks of 14 per cent moisture.  Insects in a preferendum arena, however, were more abundant on the side at 70 per cent relative humidity than on the side at 85 per cent relative humidity.  The underlying mechanism of this response was klinokinetic.  Further analysis of behavior showed that hygrokinetic response to damp grain was subordinated to trophic and oviposition patterns of behavior.  Adults feed more easily and lay more eggs in the softer, damper grain.
SURTEES, G.

Pest Infestation Laboratory

Slough, Bucks

* The effects of isolated pockets of damp and mouldy grain on the behavior of the saw-toothed grain beetle, Oryzaephilus surinamensis

Pockets of non-mouldy and mouldy grain of 18 per cent moisture content were placed in larger bulks of grain of 14 per cent moisture.  Using adults bred at 70 per cent relative humidity, approximately 30 per cent of a population accumulated in the isolated pocket of damp, non-mouldy grain after one week.  Accumulation was intensified if adults were previously kept at 85 per cent relative humidity for 14 days.  Accumulation of unconditioned adults in damp grain was due to a klinokinetic response, while in conditioned adults it was due to an orthokinetic one.  Adults did not accumulate in a pocket of damp grain supporting sporulating Aspergillus candidus, but accumulated in the nearest damp, non-mouldy grain around it.
SURTEES, G.
Pest Infestation Laboratory

Slough, England

* The influence of damp and mouldy grain on the oviposition behavior of Oryzaephilus surinamensis

When populations of O. surinamensis were allowed a choice of grain in which to lay eggs, more were laid in grain of 18 per cent moisture than in grain of 14 per cent moisture, and more eggs were laid in non-mouldy grain than in that supporting a flora of sporulating Aspergillus candidus.  In the test where mouldy grain was used, overall egg production was depressed.

Number of eggs laid by Oryzaephilus surinamensis
(mean of 4 replicates)
	Control
	Test I
	Test II

	Grain moisture content
	Grain moisture content
	Grain moisture content

	14%
	14%
	14%
	18% 

(non-mouldy)
	14%
	18% 

(mouldy)

	17.3
	21.0
	21.8
	50.0
	10.0
	3.8


SURTEES, G.

Pest Infestation Laboratory

Slough, England

* Differences in behavior of unmated and mated grain weevils, Sitophilus granarius

During the first five weeks of life, unmated females were found more frequently on the surface of grain samples than were mated ones.  Unmated males were found on the surface on consecutive days, whereas mated males appeared more irregularly.  After the fifth week of life, the behavior of mated adults changed and corresponded more closely with that of unmated ones.  These patterns of behavior facilitate meeting between the sexes on the surface of the grain in the early weeks of life and also serve to sustain egg production during later life.

SURTEES, G.

Pest Infestation Laboratory

Slough, England

* Movement of prepupation larvae and pupation site of Oryzaephilus surinamensis

During observations on the behavior of larvae of O. surinamensis, it was noted that before late larvae lost the power of movement, they moved to the bottom of the dishes in which they were kept.  This response was therefore investigated in more detail.  A metal tower, 15 cm. tall and 10 cm. diameter, in two sections, was filled with grain.  When 10 late instar larvae were released, either at the top or the bottom of this tower, at least three-quarters of the pupae were recovered from the bottom section.
SURTEES, G.

Pest Infestation Laboratory

Slough, England

* The response of adult Oryzaephilus surinamensis to living and inorganic substrata

In the course of an extensive study of the behavior of the saw-toothed grain beetle, the response to grain and non-living substrata has been investigated.  Fifty adults have been released in glass dishes 12 cm. in diameter by 7 cm. deep at 250c and 70 per cent relative humidity.  Half of the floor of each dish used in the test was covered with either a layer of grain or glass balls or a piece of sacking.  The numbers on these three substrata were counted every 30 minutes, from the time of release, up to 6 hours.  Accumulation was an intense on the glass balls and sacking as on the grain.  After about 2 hours, there were always significantly more insects on the test substrata than on the plain-glass side of the area.  The mechanism of this response was orthokinetic, the speed of individuals on plain glass being approximately 120 mm/min, while on the test substrata it was approximately 58 mm/min.
SURTEES, G.

Pest Infestation Laboratory

Slough, England

* Differences in the locomotory behavior of susceptible and pyrenthrin-resistant Sitophilus granarius

A technique developed for measuring the rate of movement, and other aspects of locomotory behavior, of insects in grain, has been used to study differences between the standard sock of Sitophilus granarius cultured at the laboratory and the pyrenthrin-resistant strain produced by Lloyd and Parkin.  At all stages of adult life, individuals of the susceptible strain moved significantly faster than those of the resistant strain.  The rate of movement of susceptible individuals fell from about 80 mm/min. in the first week of life about 40 mm/min. in the 10th week of life.  There was no difference between males and females or between mated and unmated individuals.  Over the same period of time, the rate of movement of pyrenthrin-resistant individuals fell from 40 mm/min. to 17 mm/min.  At all times, more susceptible individuals were active than resistant ones.
SURTEES, G.

Pest Infestation Laboratory

Slough, England

* The effect of grain size on the development of the grain weevil Sitophilus granarius

Using English wheat, it was found that heavier adults emerged from the heavier grains.  With two weight classes of grain, 30-35 mgm and 50-55 mgm, the mean weight of emerging adults from each was 2.59 and 3.05 mgm at 200c., 2.51 and 2.86 mgm at 250c., and 1.99 and 2.41 mgm at 300c.  The mean developmental period (oviposition to emergence) decreased from 67 days at 200c. to 33 days at 300c.
WATERHOUSE, F.L.

Natural History Department, Queens College

University of St. Andrews

Dundee, Great Britain

Request for information


A study is being undertaken of the structure and function of the femoral pit of T. castaneum.  Information available to us is limited to the description given by Hinton (1942).  Any information which TIB readers could provide would be welcomed and fully acknowledged.

COLE, T.V.

Canada Department of Agriculture

Winnipeg, Manitoba, Canada

Modifications of the Macdonald test kit for establishing the susceptibility of stored product insect pests to certain chemicals

The Macdonald test kit was developed at Macdonald College, Quebec, to provide a standard method which could be used on a world-wide basis for measuring variability of resistance of stored product insects to certain chemicals.  The test kit consists of Dixie paper cups, insecticide-impregnated filter paper to line the interior of the cups, glass rings to prevent insect escape, and data report forms.  Species of Tribolium, Cryptolestes, Sitophilus and Oryzaephilus are being treated for susceptibility to various concentrations of DDT, dieldrin, lindane, aldrin, and heptachlor.  The insects were subjected to a pre-treatment period when they had no food, a treatment period when they were in contact with the impregnated papers, and a post-treatment or holding period.  At the end of the holding period, dead, moribund, and live insects were counted and recorded.  A control series of insects was set up in untreated cups.


During preliminary tests with the kit, it was noted that some insects escaped over the test rings.  The use of vaseline as a barrier was suggested in the instructions supplied with the kit.  However, insects became entangled in it, precluding its use.  A modification of the test kit was made, i.e., replacement of the glass rings by 1/8–inch thick plexi glass discs.  Three-quarter inch holes were made in the centers of the discs to provide aeration and finger grips.  The discs were less fragile and easier to install than the glass rings.  They prevented escape of all species tested except Sitophilus granarius L. which was able to walk on the discs.  For tests with this species it was necessary to cover the holes with fine plastic mesh.  Small plexi glass bars cemented on the discs provided finger grips.


Oryzaephilus surinamensis (L.), and particularly Cryptolestes ferrugineus (Stephens) escaped behind the treated papers lining the cups.  This was prevented by placing a thin ring of melted paraffin around the lower edge of the paper lining the wall after it was fitted tightly to the bottom of the cup.  The paper disc for lining the bottom of the cup was then quickly inserted and tamped around the outer edges to seal it against the paper lining the wall.  Small cracks were filled with melted paraffin using a camel hair brush.  The vertical juncture of the paper on the wall o the cup was similarly sealed.


The cups were transferred in groups to and from rearing cabinets on retainers to minimize handling of individual cups.  The retainers consisted of rectangular pieces of 1/8-inch plywood, with holes to fit the cups, mounted on 4-inch high end bases.  Sufficient holes were made in each retainer to hold the number of cups required in each test.  The retainers were stacked to fit the shelf spacings of the rearing cabinets.

HOY, MARJORIE A.

Department of Genetics
University of California

Berkeley, California

* A practical method for handling eggs and small larvae

A practical method for handling large numbers of eggs and small larvae has been worked out.  Aspirators are commonly used by Drosophila workers and entomologists and are easily adapted for use with Tribolium.


An aspirator (sketch below) can easily be made with common laboratory supplies.  A shell vial (about 2” high, 1” diameter) can be fitted with a rubber stopper.  Glass tubing is especially useful as a tip when it is drawn out as fine as desired and the tip broken off until the diameter is a littler larger than the eggs and/or larvae to be handled.  A hematologist’s rubber tube with a plastic mouthpiece is easy to hold on to.  Very fine silk bolting cloth should be fitted over the bottom of the glass tube leading to the mouth to prevent inhalation of eggs or larvae.  It would also be possible to use a vacuum line to provide suction if one is available.


Eggs and small larvae can be separated from flour, frass, etc., by methods outlined by Saunders and Krueger (1957, J. Econ. Ent. 50:693) and by Sokoloff (1959, TIB2:36).  A large number of eggs or tiny larvae can be quickly and easily picked up once separated from the flour.  By using a desk or hand counter one can also count as the eggs are aspirated under a dissecting microscope.  When the required number of eggs or larvae are present in the aspirator vial, the rubber stopper can be removed and fitted into a new, clean vial.  It is easy to tap the eggs or larvae from the aspirator vial into the proper rearing container, especially if the rim of the glass vial is cleaned.  Eggs and tiny larvae transferred in this manner are not damaged as they are if a brush or forceps are used.

[image: image17.emf]
INOUYE, N.

Department of Genetics

University of California

Berkeley, California

* A device for removing flour particles from Tribolium pupae for accurate pupal weights

Without a source of forced air, complete removal of flour particles from pupae with ordinary sifting could not be attained.  Therefore, a brass funnel with a screen was constructed for this purpose.  The funnel is 1 ½” wide with a 1-inch stem.  A # 32 mesh/inch brass screen, ¾” in diameter is then soldered to the inside surface of the funnel.  This funnel is then glued into a bored-out cork which fits an eight-dram vial.  Complete removal of flour particles could be achieved with a brush and slight blowing.  This method is only adequate for small numbers of pupae.
[image: image18.emf]
INOUYE, N.
Department of Genetics

University of California

Berkeley, California

* Mazes for Tribolium

Several mazes were constructed for studies in behavior genetics of Tribolium similar to those of Hirsch and of Dobzhansky and Spassky on Drosophila.

I. Y-maze (Figure 1)
This maze was constructed from the following materials:

1. ¾” extruded-acrylic-plastic rod


2. Polyethylene tubing with dimensions of: I.D. 0.085” – O.D. 0.128”

3. Twenty-one plastic vials (snap on cap) – 5 dram size.

4. One 50 ml – polypropylene – centrifuge tube

5. One 1-1/4” extruded-acrylic-plastic rod 1-1/2” long

6. ¼” thick cork, ¾” plywood, rubber bands, small eye hooks and straight pins.

[image: image19.emf]


The ¾” plastic rod was first drilled with a 3/32” bit and later redrilled larger with an 1/8” bit.  The double drilling was necessary to prevent the plastic tubing from clogging the center of the discs, as is shown diagrammatically in Figure 2.  After drilling, the plastic rod was cut into approximately 3/8” thick disks which were then sanded and buffed.  A minute hole was drilled in the center of each disc for air circulation.

[image: image20.emf]



                                                 Fig. 2. 


The polyethelene tubing was cut in lengths of approximately ½” and the pieces were inserted into the holes of the discs thus interlocking the plastic discs.  The plastic (5 dram) vials were used as end-tubes connected to the terminal discs by the polyethylene tubing.  The 50 ml centrifuge tube with a 1-1/4” plastic rod as a stopper was used as the entry to the maze.  The stopper was funnelled inside to an opening of 1/8”.  With straight pins, the body of the maze (discs) was mounted on flat ¼” cork which in turn was mounted on ¾” plywood.  Rubber bands with eye hooks were used to keep both the end initial tubes immobile.

II. The continuous T-maze (Figure 3)

This maze was made by using three acrylic-plexiglas sheets (9” x 15”, 1/8”, 3/8” and ¼” thick respectively.  The 1/8” sheet was permanently mounted on 18” x 18”, ½” plywood.  The 3/8” sheet was grooved with a router bit 5/64” wide and 1/16” deep and was then covered with the ¼” sheet drilled with minute holes along the maze route at all T-unions for air circulation.  The top two sheets, the cover and maze body were then screwed with set screws to the 1/8” sheet, permitting the components to be taken apart periodically for cleaning.  The initial tube and polyethylene tubing were the same as in the Y-maze but the end tubes were of a smaller size (3 drams).

III. The straight T-maze (Figure 4)

This maze is similar in construction to II but does not have intermediate-joining grooves.  The grooves are wider (1/8”) and deeper (5/32”).  Larger polyethylene tubing with dimensions of I.D. 0.148” O.D. 0.189” was used.  The maze is completely constructed from sheets of acrylic plexiglas, the base being 13” x 19-3/4” x 3/8”, the grooved body 2-5/8” x 12” x ½” and the top 2-5/8” x 12” x 3/8”.

Results:


All maze runs were conducted in a converted Jamesway Poultry incubator in the dark at 290c and 70% relative humidity.  Preliminary test runs with the Y-maze showed that isolated females ran through the maze faster than isolated males which in turn performed better than groups of mixed sex.  If the beetles were semi-starved for 72 hours (1/4 teaspoon of whole wheat flour with 5% yeast for approximately 300 beetles) and if a reward of flour (1/2 teaspoon) was provided in the end tubes, the runs were faster.

Selection for tendency to right and left turns, respectively attempted for three generations in the Y-maze was unsuccessful.  Selection for geotaxis was also tried by placing the Y-maze on its side using only 15 end tubes.  The results were erratic, but because of a tendency on the part of the beetles to aggregate in the lower end tubes, suggesting that the inner-tube walls were too smooth for upward movement.  Similar discouraging results were also obtained in the continuous T-maze.  It was felt that this maze could not give a valid demonstration of the tendency of the beetles to turn in one or the other direction because a beetle selected from the extreme right tube could have made all left turns up to the last horizontal groove.  In both of these mazes frequent traffic jams occurred with the beetles going in circles, thus yielding erratic and inconsistent results.  The straight T-maze was constructed in the hope of eliminating such inconclusive results.  This maze is set in the incubator vertically on its right side and we are now selecting for speed of running and for geotaxis.  The first generation of selection with T. castaneum indicates that running speed can be selected for successfully.

The assistance of Mrs. Barbara Strong in carrying out the experiments and in the preparation of the figures is gratefully acknowledged.
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