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NEW MUTANTS

Report of A. Sokoloff

 T. castaneum
Dachs. (Dch.).  Autosomal dominant with no recessive lethal effects and only a slight reduction in viability.  The main effect is on the antennae.  Fusion occurs primarily between segments 5-8 of the funnicle and 9-10 of the club but fusions can occur anywhere on the funnicle and club.  (See research note elsewhere in this issue of TIB).  When these segments are involved there may be a bend of the antenna directed ventrally, producing an antenna which looks like a scoop.  The mutant sometimes affects the legs, producing fusions of the tarsal segments, or tarsal segments and tibia.  Other segments of the leg may be affected, but more rarely.
T. confusum
aureate (au).  Autosomal recessive of good penetrance and viability.  As in T. castaneum this mutation causes approximately a three-fold increase in the number of hairs in the sclerotized exoskeleton of the beetle, but it does not increase the number of hairs on the membranous wings (see research note elsewhere in this issue of TIB).
Report by Dorothy G. Blackman
Tribolium confusum
1. diminished eye (de).  Discovered in a population received from Iran in 1972.  An autosomal recessive with good viability but incomplete penetrance.  The eye is misshapen in varying degrees, ranging between a smooth faceted narrow area (similar to ‘Bar eye’ in T. castaneum), to an eye of normal appearance but slightly reduced in size.  Linkage studies have shown no evidence of linkage with ebony2 on II, melanotic stink glands on III, thumbed on IV and ebony on V.  There is some evidence to suggest linkage with disjoined on VI, but conclusive data is not yet available.

Notes-Research
Bell, A.E., D.A. miles and S.S. Rich
Department of Animal Sciences

Purdue University

West Lafayette, Indiana.

* Survival of diverse Tribolium stocks at optimal and sub-optimal temperatures


The advantages of Tribolium castaneum as a genetic model for experimental studies in quantitative genetics are widely recognized today.  For long term selection studies, especially those involving genotype by environment interaction, Tribolium is preferred by many geneticists over the traditional Drosophila and mouse animal models.  This point was established clearly in a recent symposium on “Genetic Modeling With Laboratory Animals” (Bell, 1974).


The maintenance of a wide array of genetic stocks (inbred lines, heterogeneous base populations, divergently selected lines, control populations, etc.) is essential in order to effectively model different genetic situations.  In contrast to the ease of storage for plant or micro-organism gem plasm, the maintenance of specialized Tribolium stocks is a major effort and, in a sense, “overhead” which contributes little directly to a research program.  Consequently, our laboratory had investigated several alternatives to reduce the cost of stock maintenance.  For example, in a study of genetic drift in control populations (Bray et al. 1962), several random samples of young adult beetles from the base population were stored at 180c for periods up to 1 year.  One sample was withdrawn from storage each generation of a selection study and reproduced along with experimental lines to provide a control line subjected to minimal genetic drift or natural selection.

Factors, other than the time involved in stock transfers, which are of major concern are (1) the possibility of genetic contamination, especially at transfer time, (2) genetic drift, and (3) genetic change in the population due to natural selection of optimum genotypes for the “storage” environment.  Since Tribolium are known to be sensitive to genotype by environment interactions, this natural selection could lead to genetic disequilibrium when these populations are used for experimental studies in other environments.  For growth, developmental rate and fecundity, we have found significant G X E interactions arising from environmental differences in humidity, nutrition, temperature and irradiation (Bartlett and Bell 1962, Bell and McNary 1963, Englert and Bell 1963, Hardin et al. 1967, Hawk et al. 1974, and Orozco and Bell 1974).

In view of the above, we have been reluctant to transfer our stocks to a storage environment which differs greatly from the optimal conditions used for our experimental studies.  Even though Tribolium do not have a dormant stage or hibernate during their life cycle, adults will survive, without reproducing, at low temperatures for a year or longer.  This alternative for stock maintenance relieves some of the concerns identified above provided all stocks have uniformly high survival, a condition not observed in two preliminary experiments to be described here.
MATERIAL AND METHODS

The genetic material chosen for this study represents a broad spectrum of genetic stocks (i.e. inbred line, highly selected populations, and the unselected base population).  The stocks were :


Stock Code

Genetic History


Purdue +

Heterogeneous unselected base population.


Large 2

Selected large pupal weight for 120 generations from 





Purdue + base.


Small


Selected small pupal weight for 77 generations from 





Purdue + base.


Inbred K-1

Full-sib inbred with no selection for 154 generations from 





Kansas Stock, 1/8 of Purdue + base.


Inbred Va

Full-sib with no selection for 96 generations from 





Virginia Stock, 1/8 of Purdue + base.


The initial procedures were identical for both experiments.  The above 5 stocks were expanded by mass matings and a mass 24-hour egg collection was taken for each in the optimum environment of 330c.

For each stock, two 50 egg samples for each storage treatment were put in individual creamers containing 4 g. of standard medium (whole wheat flour with 5% dried brewer’s yeast) and were cultured initially for 3 weeks in the uniform 330c to avoid the deleterious effects of low temperature on hatchability and larval survival.  Preliminary studies had shown the egg and larval stages to be especially vulnerable to temperatures as low as 180c.  After the 3 weeks at 330c, a census was taken of each creamer to establish the number of viable adults (pupae were returned to 330c until adult emergence).  The creamers with young adults were then placed in the environments as specified by each experiment and the census of viable adults recorded at 4-week intervals.  Larvae and pupae when observed were discarded.  Those creamers stored at 330c were cleared every 2 weeks to avoid any increase in the adult population.


The duration of each experiment was approximately 12 months, and on termination the viable adults were counted and returned to the optimal environment of 330c for 2 consecutive 48-hour egg collections to determine their reproductive ability.
Experiment 1 – There were 4 treatments or storage environments in which the young adults of the 5 stocks were held.  The four environments which were identical in all respects except temperature are :

1.
330c, with larvae screened out bi-weekly and number of adults recorded at 4-week intervals for 56 weeks
2.
240c, with larval screened out during the adult census every 4 weeks for 56 weeks

3.
180c, with the viable adults counted every 4 weeks for 56 weeks.  For this census the adults were screened from each creamer at room temperature, counted and returned to 180c storage.

4.
180c, with creamers left undisturbed for the total 56 weeks.  As a terminal test, each creamer was screened and the number of viable adults were recorded.


The observations taken during Experiment 1 were analyzed by the following statistical model, 
Yijlkm = µ + Ei + Gj + EGij + C(ij)k + Pl + EPil + GPjl + EGPijl 


   + CP(ij)kl + Є(ijkl)m
Where Yijlkm = analyzed variable, % survival calculated as the ratio (#viable adults) / (# adults initially) x 100, observed for the mth unit in the ith environment, jth genotype or stock, kth creamer and lth period, and 


µ      = the overall mean,


Ei     = the fixed effect of the ith environment,  i = 1, 2, 3,


Gj     = the fixed effect of the jth genotype, j = 1, 2, 3, 4, 5, 


C(ij)k  = the random effect of the kth creamer nested in each (EG) subclass, 


 k = 1, 2,

Pl     = the fixed effect of the lth period, l = 1, 2,….. 14,


Є(ijkl)m = the mth random error, m = 1, with the remaining terms in the model 


  representing the appropriate interactions.


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

Table 1.  Analysis of variance for % survival, Experiment 1.
Source


dt


Mean Squares
--------------------------------------------------------------------------------------

Environment (E)

2


1.1941 **

Genotypes (G)

4


0.8640 **

E x G



8


0.2483 **

Creamers / (EG)

15


0.0386

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

Periods (P)


13


1.4873 **
E x P



26


0.8698 **

G x P



52


0.0166 **

E x G x P


104


0.0193 **

C (EG) x P


195


0.0034 
----------------------------------------------------------------------------------

** (P < 0.01)

The most striking thing about Table 1 is that all main effects and interactions were highly significant.  The nature of these differences are more clearly evidenced in Table 2 where % survival is summarized by genotype and environment for the 28th, 40th and 56th week periods.  Overall survival ranked 180c > 240c > 330c, to suggest that viability was improved at the lower temperatures.  The fact that genotypes differed for survival is not surprising in that diverse genotypes were represented.  The decline in % survival over periods is also as expected.  The most surprising result from Experiment 1 is the significant interactions involving genotypes (EG, GP, and EGP).  The major cause of these interactions was the relative responses of the two inbred lines.  Apparently, the K line survived better at the mild 240c then at 180c, while the reverse was true for inbred Va.
Table 2.  Present survival for 5 diverse populations at 28, 40 and 56 weeks of age when cultured at 330c, 240c and 180c

% Survival by Environments and Age

	Population
	28-Week Census
	40-Week Census
	56-week Census
	

	
	330c
	240c
	180c
	330c
	240c
	180c
	330c
	240c
	180c
	180c*

	Purdue +
	40
	86
	93
	8
	49
	82
	1
	3
	40
	82

	Large 1
	1
	9
	25
	0
	2
	2
	0
	0
	0
	1

	Small
	3
	58
	87
	0
	7
	40
	0
	0
	5
	43

	Inbred K-1
	46
	74
	35
	4
	60
	0
	0
	0
	0
	0

	Inbred Va
	0
	46
	74
	0
	4
	37
	0
	0
	0
	0

	Means
	18.0
	54.6
	62.8
	2.4
	24.4
	32.2
	0.01
	0.06
	9.0
	25.


* Undisturbed at 180c until 56th week

Experiment 2 – The second experiment involved the same 5 genetic stocks and the same basic design, except the range of environments following egg collection was limited to 3, 5 or 7 weeks at 330c preceding storage at 180c for the remainder of the 52-weeks study.  Previous studies had shown that the egg, larval, and pupal stages would not survive at 180c storage, so a minimum of 3 weeks at the higher temperature was necessary to insure adult emergence.

The observations from this experiment were analyzed by the same statistical model as described previously with the analysis of variance presented in Table 3, with the exception of 13 periods instead of 14 as previously noted.


The length of the early storage at 330c had a small but significant (P < 0.05) effect on survival, with the shortest time (3 weeks) having the lowest value.  This suggests that for best survival, adult beetles should be fully mature previous to storage at 180c.

Table 3.  Analysis of variance for % survival, Experiment 2.

Source


dt


Mean Squares

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

Environment (E)

2


0.1665 *

Genotypes (G)

4


3.7720 **

E x G



8


0.2904 **

Creamers / (EG)

15


0.0441

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

Periods (P)


12


1.9192 **

E x P



24


0.0088 **

G x P



48


0.0889 **

E x G x P


96 


0.0090 **

C (EG) x P


180


0.0036 

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

*  (P < 0.05)

** (P < 0.01)

The genotypes again differed sharply (P < 0.01) in their over-all survival, regardless of environments, and a highly significant genotype by environment interaction was again evidenced.  The nature of these interactions can be seen in Table 4, where the results are summarized by genotypes and environments for the 28th, 40th and 52nd week periods.  The heterogeneous Purdue + Population survived well in all environments, while inbred K, and Va revealed very poor survival beyond the 40th week.  The highly significant G x P interaction indicated that some stocks declined more rapidly than other durings the year in storage, and as observed previously, the two inbreds contributed to a highly significant E x G interaction.  Again, Inbred K survived best when stored the least time at 180c, while the reverse was again true for Inbred Va.
Table 4.  Percent survival when cultured at 330c for 3, 5 and 7 weeks before storage at 180c 
% Survival by Environments and Age

	Population
	28-Week Census
	40-Week Census
	52-week Census

	
	7-330c
	5-330c
	3-330c
	7-330c
	5-330c
	3-330c
	7-330c
	5-330c
	3-330c

	Purdue +
	91
	95
	93
	87
	88
	85
	50
	63
	4

	Large 1
	31
	23
	24
	13
	14
	10
	0
	2
	

	Small
	74
	84
	74
	41
	55
	55
	9
	23
	1

	Inbred K-1
	66
	35
	2
	47
	27
	0
	4
	2
	

	Inbred Va
	78
	70
	88
	44
	41
	63
	0
	0
	

	Means
	68.0
	61.4
	56.2
	46.4
	45.0
	42.6
	12.6
	18.0
	1



Adults surviving Experiment 1 and 2 were fertile and produced viable offspring when placed in the optimal 330c at the termination of each experiment.

SUMMARY

The storage of Tribolium stocks at a low temperature (180c) undisturbed for as long as 1 year was shown to be an effective method for minimizing the effects of genetic drift and natural selection in heterogeneous base populations.  The survival of adult beetles was high, but low temperatures were lethal to the immature stages.  While the survival of long-term selected lines and highly inbred lines was improved when stored at sub-optimal temperatures, significant genotype x environment interactions were observed, suggesting that the optimum storage temperature and time between reproductive cycles will vary for diverse genetic material.
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* Pupal cannibalism by virgin males and females

Mertz and Cawthon (1973) reported that virgin males of both Tribolium castaneum and T. confusum ate significantly more pupae that did virgin females.  The reason for this difference is entirely obscure.  As a preliminary experiment to an investigation of factors affecting differential pupal cannibalism by adult males and females, we repeated Mertz and Cawthon’s experiment using the Oregon outbred strains of both species.
We attempted to duplicate Mertz and Cawton’s experimental design as closely as possible.  Our shell vials are smaller, so we used 16 predators in 6.4 grams of medium; Mertz and Cawthon used 20 in 8 grams.  The medium was similar (stone ground, fine sifted whole wheat flour enriched with 5 percent brewer’s yeast), as were the climatic conditions (as incubator maintained at 290c, 50-60 percent relative humidity).  The vials were preincubated for one week prior to addition of the predators and prey.  

Cannibalism was studied placing larvae aged 20-21 days from egg laying with virgin males or females aged 20-21 days from time of sexing as pupae.  In Mertz and Cawthon’s experiments T. castaneum males consumed all of the prey in 5 of the 15 replicates, thus making determination of true cannibalism rates difficult.  We therefore used two densities of prey, 16 and 24 larvae, with four replicates of each treatment.  Some 20 days after the adults and larvae were placed in the vials, the contents were sifted out and the numbers of survivors determined.
The data are shown in Table 1.  It is clear that T. castaneum males ate considerably more pupae and callows than did females.  The percentages eaten, averaged over both prey densities, are virtually identical to those of Mertz and Cawthon (90.7 and 45.7 for males and females, respectively).  Hoewver, our T. confusum strain behaved quite differently than theirs.  With our small number of replicates we were unable to demonstrate a difference between the sexes at either prey density, whereas Mertz and Cawthon found that males consumed 73 percent and females only 8.7 percent of the prey.  Clearly some caution is therefore justified in generalizing their results.
Another observation of some interest was that for both species, pieces of dead adults were found in every vial containing male predators, in numbers ranging from 1 to 10 per vial.  It is known that young adults (callows) are very vulnerable to cannibalism (Young 1970).  It is possible that young female callows are at a risk of being killed (and subsequently eaten) if mature males attempt to copulate with them.  This possibility, originally suggested to PSD by Dave Mertz, is supported by the fact that no dead adults were found in any of the vials containing females as predeators.
This investigation was supported by the National Science Foundation (DEB-7621398).
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Table 1
Means and standard errors for numbers of prey eaten by virgin male and female adults of T. confusum and T. castaneum.  Two densities of prey, 4 replicates per cell.

	
	
	T. confusum
	T. castaneum

	
	
	Males
	Females
	Males
	Females

	16 prey
	X
	10.3
	6.5
	14.5
	8.0

	
	S.E.
	1.7
	1.8
	0.2
	0.9

	24 prey
	X
	10.3
	11.5
	22.0
	11.8

	
	S.E.
	2.1
	1.9
	1.4
	1.1

	Mean % eaten
	
	51.3
	45.0
	91.3
	49.4


Englert, DuWayne C. and Pugh, Jessie Biggers

Department of Zoology

Southern Illinois University at Carbondale

Carbondale, IL 62901

* Differential X-irradiation sensitivity of spermatogenic stages in Tribolium castaneum.


Since the initial report of Davey (1919) on the effects of low doses of X-rays to prolong the lifetime of individuals, numerous studies have been conducted to examine the influence of irradiation on various features of the life processes of beetles of the genus Tribolium.  Little attention, however, has been paid to the immediate short range effects of irradiation.

The present study was designed to examine the short term effects of medium-ranged dose levels of X-rays on the viability of reproductively active adults and to determine the existence of differential radiation sensitivity of the premeiotic and postmeiotic germ cells in the male red flour beetle, Tribolium castaneum.

MATERIAL AND METHODS


All beetles exposed to X-irradiation were derived from the Purdue “+” Foundation strain.  Adult males, 26 + 0.5 days of age after eclosion, were subjected to ore of four dose (roentgen) levels, 0(Controls), 4020R, 6164R and 8040R.  Irradiation was given using a Radiflour 360 possessing a Torr laboratory X-ray tube (TX 360 with beryllium window 0.006 cm) at 120 kV, 5 mA.  Dosage was determined using a ferrous sulphate dosimeter (Price, 1963), and the exposure rate utilized throughout was 268 R/min.

During irradiation exposure, the beetles were confined individually in empty glass petticups (10 x 14 mm) placed in a styrofoam holder.  They were left undisturbed for 24 hours after treatment exposure, then singly mated to 14 + 0.5 day-old virgin, unirradiated females for 3 days in 20 ml glass coffee creamers containing 4 g culturing medium.  After this designated 3-day mating period, all mated pairs were transferred to creamers containing fresh medium and were left undisturbed for 14 days.  At this time (18 days after irradiation), each mated pair was introduced to fresh culturing creamers for a second designated 3-day mating period, following which all pairs were removed and discarded.  Cumulative percent mortality was measured at each time interval (24 hours, 4 days, 18 days and 21 days after irradiation), and sterility was measured as the percentage of matings in which no living progeny was present 10 days after parent removal.

The study was run in four replicates with a total of 250 males being X-irradiated within each treatment group (I-50; II-100; III-50; IV-50).  All beetles were reared on standard culturing medium (95% whole wheat flour and 5% dried brewer’s yeast) in a darkened Labline Incubator (Model 844B) operating at 33 + 20c with 60 + 5% relative humidity.
RESULTS AND DISCUSSION


The percentage of mortality averaged over the four replications are presented in Table 1.  Direct and immediate effects of X-irradiation were absent in all groups until 4 days after treatment and no mortality was observed for the control groups during the entire test period.  The effect of the increase in dosage did not become significantly apparent until 18 days after irradiation, when mortality for the group subjected to 8040R was observed to be about twice that observed for the other two dose levels and although not statistically significant, the mortality at 6164R was higher than that noted for the 4020R level.  The effect is seen to increase at 21 days, but not significantly over that at 18 days.
Table 1.  Percentage of mortality (mean + SE) of X-irradiated adult males of T. castaneum
	Dosage (R)
	Elapsed time after irradiation

	
	1 hour
	24 hours
	4 days
	18 days
	21 days

	0 (Control)
	0
	0
	0
	0
	0

	4020
	0
	0
	3.8 + 2.0
	10.3 + 4.2
	11.1 + 1.8

	6164
	0
	0
	4.2 + 2.0
	13.8 + 5.6
	14.2 + 4.7

	8040
	0
	0
	2.5 + 0.6
	28.3 + 3.1
	31.7 + 5.4



The absence of mortality for the 24-hour period immediately after X-irradiation indicates that a lag on “latent” period exists before the effects of irradiation in producing death may be observed.  This period is variable depending upon the dosage and type of irradiation; e.g. Watters and MacQueen (1967) reported 100% survival of 2-8 week-old T. castaneum adults, for a period of three weeks following gamma irradiation exposures of 6250 rad, and no mortality was recorded until the end of the second week after exposures of 12500 rad.  Similar results were reported by Brower and Tilton (1973) for 3-4 day-old adults exposed to gamma irradiation dose levels of 5 and 10 krad, in which mortality was recorded for only the 10 krad treatment at 3 weeks following treatment.

The length of the latent period in our study (4 days) appeared to be independent of dose in that mortality was comparable for each treatment other than the controls.  However, the effects of dose level became noticeable by the second mating period (18 days after irradiation) when mortality was observed to increase as the dosage increased.  The primary cause of mortality was not determined, i.e. cell damage, severe chromosomal destruction, etc.  Ducoff et al. (1971) demonstrated that, at X-ray dose levels of 9 kR and above, there exists a time course of mortality which ranges from 10 days for a dose of 90 kR to 35 or more days for the 9 kR level, and proposed that a specific syndrome was associated with the death of irradiated Tribolium.

Since irradiation affects dividing cells most prominently, death may be the consequence of the failure to renew the midgut lining in Tribolium, and the increase in irradiation would account for the possible increase of damaged cells in the midgut region similar to that described for the boll weevil, Anthonomus grandis (Riemann and Flint, 1967).  Our data, however, are not designed to show this, and therefore any conclusions dealing with the actual cause of irradiation death must remain speculative.

The effects of X-irradiation upon the reproductive capabilities of the treated males was quite pronounced for the first mating period, with almost one-half of the males exposed to irradiation exhibiting sterility (Table 2).

Table 2.  Percentage of sterility (Mean + SE) of X-irradiated adult males of T. castaneum
	Time of Mating after irradiation

(days)
	Dosage (R)

	
	0 (control)
	4020
	6164
	8040

	1-4
	1.0 + 0.1
	45.3 + 9.3
	45.3 + 8.1
	63.0 + 8.7

	18-21
	3.0 + 0.8
	6.3 + 1.1
	9.8 + 3.2
	11.8 + 3.0



Sterility was not a prolonged effect, however, as evidenced by a recovery of fertility for many of the surviving males in the second mating period measured 14 days later.  While all groups can not be shown to differ statistically, dose levels do exhibit their effects in an increasing manner.

Since the males were 26 days old, they were well into an active state of sperm production (Dick, 1937; Park et al., 1958), thus, all spermatogenic stages were expected to be present.  The immediate response of sterility in a high proportion of the males during the first mating period suggests that those spermatogenic stages affected by irradiation were spermatids and sperm, since these cells would be used first.  Similarly, recovery of fertility by the second mating period would indicate the affected cells were spermatogonia and non dividing primary spermatocytes, assuming that the spermatogenic process were completed within the 14-day interval between mating periods.  McDonald (1961) presented evidence that such is the case of T. confusum.

With the continuous pair mating procedure used in this study, the possibility of sperm retention by the female in contributing to the degree of sterility is minimized.  Schlager (1960) has shown that new sperm from daily inseminations is used first in egg fertilization, thus, sterility observed in the second mating period can be assumed to be the result of originally affected spermatogonia and primary spermatocytes.


Since individual males were not measured for the degree of fertility during each mating period, it is difficult to say whether the loss of fertility was prolonged or short-lived for those beetles that recovered to produce progeny.  Park et al. (1958) observed a prolonged depression of fertility for individual males well beyond 18 days after irradiation, whereas McDonald (1961) did not.  Furthermore, since the meiotically dividing cells (primary and secondary spermatocytes) would be the most sensitive to irradiation (McDonald, 1961), it is probable that the maximum degree of sterility for our study would have been observed during the interim period not measured.  Although the data collected for this interim period were sketchy because of the 14 days elapsed, no noticeable decline or increase in sterility was observed.

Whether the high degree of sterility observed was a case of the spermatids and sperm being rendered incapable of fertilization by the irradiation, or that they were never transferred from the male to the female also is not known.  Zimmering and Fowler (1966) have shown the latter to be of extreme importance in irradiation studies of Drosophila melanogaster, and it is likely that such is also the case with Tribolium.
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* Ultrastructure of the male sub-basal setiferous puncture in Tribolium castaneum (Herbst).


In a review of the secondary sexual characters of the confused flour beetle, Tribolium confusum Duv., and the red flour beetle Tribolium castaneum (Herbst), Park (1934) noted that the genital lobes of the female are more pronounced than those of the male.  Likewise, Hinton (1942) differentiated the sexes of both species by the presence of a sub-basal setiferous puncture on the ventral side of the male femur, a structure which is absent in the female.  Furthermore, Hinton observed that in T. castaneum the setiferous puncture is on the prothoracic legs, whereas in T. confusum they occur on the pro-, meso- and metathoracic legs.  Hinton also noted that this structure is more reduced in the latter species.  A decade later, Hope (1953) discovered in adults an elytral striae difference between the sexes.  In the same year El-Kifl (1953) detected in the male a sclerotized medial projection on the seventh abdominal tergite which is not present in the female.  Moreover he found an internal difference, a medial enterior apodene in the eighth abdominal sternite which is present only in the female.  In 1967, Lange found the pregenital setae to be different in the two sexes of T. castaneum.  Sokoloff (1972) observed the femoral pit in males is encrusted with flour in old beetles and suggested that this accretion could result from a beetle secretion.

The purpose of the present investigation is to describe the ultra-structure of the sub-basal setiferous puncture in Tribolium castaneum.  Scanning electron micrographs show the pit and sensilla of the male setiferous puncture of Tribolium castaneum are covered with a globular secretion (Fig. 1A & 1B).  Removal of the secretion with distilled hexane reveals numerous pores in the cuticle interdispersed around the sensillae (Fig. 1C).  These pores measure 3.3 + 0.2198 by 4.3 + 0.1681 um (n = 25). Within the pores, small secretory ducts (1.3 + 0.2544 um) are found (Fig. 1D). The number of sensillae within the femoral pit are 51.0 + 4.6036 sensillae / pit.  The sensillae appear smooth, short and fluted (Callahan, 1975).

The secretion appears to be lipid in nature and is a subcuticular product which enters the setiferous puncture via the secretory ducts within the secondary pores.  The pores appear to act as a reservoir for this lipid and after it accumulates it gradually moves down the length, coating the sensillae.  In older adults, the secretion completely encapsulates the sensillae and pit forming a globular mass.  Since the beetles inhabit flour media, fine particles of flour are absorbed into the secretion, forming a globular mass that is visible in the puncture.
These results support Sokoloff’s hypothesis that the accretion on male femoral pits results from secretory product.  Studies to determine the chemical nature and origin of the secretion are now in progress.

Figure 1.  Scanning micrographs of the male prothoracic femur (PF) setiferous puncture. (A) Prothoracic femoral pit covered by a waxy secretion (S) x 300; (B) Pores (P) between fluted sensillae (FS) in the setiferous puncture x 2000; (C) Femoral pit following treatment with distilled hexane x 2000; (D) Enlargement of the pore in the setiferous puncture and secretory ducts (SD) located within the pore structures x 20,000.
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* Growth of Tribolium castaneum as an Assay for Lysine Levels in Barley Varieties.

Introduction


Studies by De Muelenaere and Quickie (1960) and Medici (1964), have indicated the possibility of using Tribolium in assaying the nutritive qualities of grains.  In this study an attempt was made to use Tribolium castaneum to distinguish seven barley varieties that differed in levels of lysine.
Methods

The three populations of Tribolium castaneum used in this experiment were C, P and IS.  The C and P populations have been described elsewhere (Goodwill, 1978).  The IS population was derived by crossing the E2 and CSI-10 inbred lines (for description see Goodwill and Walker, 1978) and permitting them to random mate for more than 20 generations.  Samples from the seven barley varieties (table 1) and the standard culturing media (95% whole wheat flour and 5% brewers yeast) were milled through a 0.5 mm. screen of Udy cyclone mill.


Twenty eggs, randomly sampled from a population, were placed in a 1/4 teaspoon of a diet.  This was replicated four times for each population and diet combination except for three diets with the P population.  There were an insufficient number of eggs in the P population to complete the flour replications.  The total number of eggs for each population diet combination are presented in table 2.


The number of larva and their weight as a group was recorded on day fourteen.  The larva were returned to the same cup and diet after weighing.

The number of pupa were recorded on days 21, 25, 27, 31, 34 and 37.  The pupa were placed in their respective diets.  The number of adults was recorded on day 41.

Results


Table 1 identifies the seven barley diets with the presumed genotype and the level of lysine in each.  Table 2 reports for each population-diet combination the average larva weight, percent of eggs for which the individuals survived to (a) become pupa by day 37 (% pupa / egg), (b) become adults by day 41 (% adults / egg) and the percent of pupa on day 37 that were alive and adults by day 41 (% adults / pupa).  On day 41, all pupa were either dead or the adults had emerged.


The average larva weights for all barley diets were less than the larva weights for the control diets for all populations.  The barley diets containing the lowest levels of lysine produced the greatest weight reduction for all three populations.  The Hiproly diet, with an intermediate level of lysine produced average larva weights nearest the control.


In each barley diet the rate of pupation was reduced (data not shown) when compared to the control, though eventually most of the larva pupated.  The larva in the diets from the low lysine varieties were the slowest to pupate and had the lowest rate of survival to day 37.


In all the barley diets except Hiproly, only a small percentage of those that had pupated by day 37 survived as adults on day 41.


The analysis of variance performed on average larva weight (table 3) indicates a significant difference among populations (P = 0.01), among diets (P = 0.01) and a significant population by diet interaction.


The Duncans Multiple Range Test indicated there was no difference between population C and P, while the mean of population IS was lower than the other two.

Larva weight in the control diet was significantly heavier than that in all other diets.  There was no difference in larva weight among the Hiproly, Ris 1508-WA and the Ris 1508-JSDA diets.  Also, no difference in larva weight was indicated for the Ris 1508-WA, the Ris-USDA, the ND-D129 and the Wa-D129 diets.  Larva weight in the Barsoy and Pike diets were lower than those from the other diets.

DISCUSSION


Barsoy and Pike have normal barley seed protein while the other barley selections have altered seed protein with higher quantities of lysine / protein.  Both Hiproly (Munck et al. (1970) and Ris 1508 (Doll, Kie and Eggum 1974) have been found to have improved nutritional values in feeding trials with rats.  Selection D129 has the combined results indicated that it should be feasible to use the growth and development of Tribolium castaneum to identify barley genotypes with improved nutritional characteristics.  While the population by diet interaction was significant, all populations correctly separated the normal and the altered barley protein types.  Whether or not the differences in the observed growth patterns are due to differences in lysine levels or some other confounded characteristic are the subject of additional studies being conducted.

Two observations regarding the population by diet interaction can be made.  First, the rank order of larva in populations P and C were reversed in the barley diets compared to the control diet.  Secondly, the higher larva weight of populations C and P were not obtained in the Pike and Barsoy diets.
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Table 1.  The Genotypes and Lysine Levels of the 7 Barley Varieties.
	Variety
	Genotype
	% Lysine / protein

	ND-D1291
	aabb
	6.0

	WA-D1291
	aabb
	6.0

	Hiproly
	AAbb
	4.5

	RisØ1508-USDA2
	aa3B
	5.2

	RisØ1508-WA2
	aa3B
	5.2

	Pike
	AA3B
	3.8

	Barsoy
	AA3B
	3.8


1 Progeny increase of an F2 plant.  These were obtained from Washington State University (WA) and North Dakota State University (ND)
2 Progeny increase of a mutant RisØ1508 plant.  These were obtained from USDA and Washington State University (WA)
Table 2.  The total number of eggs, average larva weight on day 14, number of larva on day 14, % of individuals surviving and pupating by day 37, % of individuals surviving and adults by day 41 and % of pupa on day 37 alive on day 41 for each diet.
	Diet
	Control
	Riso-USDA
	Riso-WA
	Pike
	Barsoy
	Hiproly
	WA-D129
	ND-D129

	Pop. 1 (IS)

	# eggs
	80
	80
	80
	80
	80
	80
	80
	80

	Av. Larva wt.
	2.10
	1.04
	0.98
	0.82
	0.69
	1.23
	0.87
	0.89

	# larva
	55
	52
	60
	22
	45
	42
	51
	49

	% pupated/egg
	0.60
	0.60
	0.70
	0.18
	0.41
	0.50
	0.60
	0.58

	% adults/egg
	0.58
	0.05
	0.05
	0.04
	0.01
	0.50
	0.12
	0.30

	% adults/pupa
	0.98
	0.08
	0.07
	0.20
	0.03
	1.00
	0.21
	0.51

	Pop. 2 (C)

	# eggs
	80
	80
	80
	80
	80
	80
	80
	80

	Av. Larva wt.
	3.91
	1.70
	1.74
	0.72
	0.81
	1.92
	1.54
	1.74

	# larva
	53
	57
	63
	37
	46
	54
	54
	70

	% pupated/egg
	0.63
	0.67
	0.72
	0.28
	0.43
	0.50
	0.53
	0.65

	% adults/egg
	0.62
	0.19
	0.14
	0.075
	0.01
	0.62
	0.40
	0.55

	% adults/pupa
	0.98
	0.28
	0.19
	0.27
	0.03
	0.94
	0.74
	0.85

	Pop. 3 (P)

	# eggs
	60
	60
	60
	60
	60
	44
	40
	40

	Av. Larva wt.
	4.10
	1.57
	1.67
	0.52
	0.78
	1.73
	1.46
	1.31

	# larva
	35
	33
	39
	12
	12
	27
	25
	22

	% pupated/egg
	0.58
	0.51
	0.61
	0.10
	0.15
	0.43
	0.60
	0.37

	% adults/egg
	0.43
	0.05
	0
	0
	0
	0.43
	0.075
	0.10

	% adults/pupa
	0.97
	0.06
	0
	0
	0
	1.00
	0.25
	0.53


Table 3.  The Analysis of Variance For Average Larva Weight.
	Source
	DF
	MS

	Population
	2
	2.910 **

	Diet
	7
	6.682 **

	Replication
	3
	0.57N.S.

	Population x Diet
	14
	0.313 **

	Population x Replication
	4
	0.033N.S.

	Diet / Replication
	21
	0.052N.S.

	Error
	26
	0.065


** significant at 0.01 level

N.S. not significant at 0.05 level
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* Is emigration behavior affected by pupal cannibalism?
The tendency of adult Tribolium castaneum and T. confusum to leave a volume of flour has been studied by several workers (received in Riddle, 1976).  Although some of these workers have called this dispersal behavior, we agree with Riddle that a more preferable term is emigration behavior, which carries with it no implications of intent.  In this experiment we asked whether emigration behavior could be altered by the presence of cannibalizable pupae in the volume of flour.  

Experimental procedures for measuring emigration were similar to those of Riddle (1976).  The apparatus consisted of a creamer containing 6 grams of standard flour medium (stone ground whole wheat flour enriched with five percent brewer’s yeast).  Test animals were sexed as pupae from our Oregon synthetic populations of both species and separately maintained at the test density (3.3 beetles / g) for 20 days prior to use.  Ten pairs of adults were placed in each of 12 creamers for each species; 1 week later they were transferred to new creamers that had been acclimated in the incubator at 290c, 50-60 percent relative humidity.  Forty pupae, between 0 and 72 hours of age, were introduced randomly into 6 of the latter creamers (experimentals) prior to addition of adults.  The remaining 6 creamers served as controls.  The beetles were allowed to adjust to the apparatus and / or the presence of pupae for 24 hours.  Escape was then allowed by means of a pipe cleaner inserted into the middle of the flour and bent to hook over the edge of the creamer, which was placed in a jar to catch the emigrants.  The pipe cleaner was removed 24 hours later, and the numbers of emigrating adults and cannibalized pupae were determined.

Data from the experiment are shown in Table 1.  Although in all experimental cultures except one there was some pupal cannibalism, there was clearly no difference in emigration behavior between controls and experimentals.  Thus we are forced to conclude that there is no evidence that pupal cannibalism has any effect on emigration behavior at this density.
This investigation was supported by the National Science Foundation (DEB-7621398).
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Table 1
Means and standard errors for number of pupae out of 40 cannibalized and number of emigrants out of 20 adults for two species of flour beetles.  Six replicates each of controls (C) and experimentals (E); only the latter were exposed to pupae.

	
	
	T. castaneum
	T. confusum

	
	
	C
	E
	C
	E

	Number of Pupae Cannibalized
	X
	--
	5.5
	--
	2.8

	
	S.E.
	
	1.5
	
	0.8

	Number of Emigrants
	X
	13.0
	12.2
	10.3
	11.5

	
	S.E.
	0.9
	1.4
	0.9
	0.8
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* The relation of larval sex to the cannibalism of eggs in Tribolium
Dramatic differences in cannibalistic activity have been demonstrated between the sexes in adult Tribolium.  Rich (1956) reported that T. confusum females eat eggs at about 7 times the rate of males.  For T. castaneum Sonleitner (1961) found an approximate 19-fold difference in the same direction.  When pupae, rather than eggs, are the prey, the direction of the sex difference is reversed; Mertz and Cawthon (1973) reported that T. confusum males eat pupae at about 14.5 times the rate of females and that in T. castaneum males exceed females by about 3.9 times.  These findings were obtained using the Chicago strains of both species.

This report uses the Chicago strain of T. castaneum and asks whether there is a sex difference for larvae eating eggs.  The nutritional medium (fine sifted whole wheat flour fortified with 5% by weight of dried powdered brewers’ yeast) and climate (290c, 70% RH in a darkened incubator) are the standard ones used in the cannibalism assays cited above.  The medium was pre-acclimatized in the experimental incubator for one week prior to use.
Each assay began with 50 eggs, aged 0-18 hours, mixed into 1 g of flour in an 8 dram shell vial, and one 3-day-old larva was introduced onto the surface of the flour medium.  After 48 hours the contents of the vial were sifted, the surviving eggs were scored, and the larva was transferred to 1 g of fresh medium with 50 new eggs.  This was repeated until the larva died or reached the prepupal period.  No count was made during the interval in which the prepupa appeared, but the individual was saved and its sex was diagnosed at pupation.  Of 50 replicate larvae, 37 (16 males and 21 females) survived to pupation and yielded age-specific cannibalism histories.

The results are summarized in Table 1.  The very small differences between the sexes do not approach statistical significance.  With respect to egg eating, the sexual dimorphism in cannibalistic rates appears to be absent in larvae.
We also used the raw data to ask whether certain individuals exhibit consistently high or low cannibalism over their larval spans.  Friedman’s Test gives a borderline probability (0.025 < P < 0.05) indicating the possibility of phenotypic differences in egg-eating.  The success of the present assay method suggests that it is feasible to study individual variation in cannibalistic activity using isolated larvae.

One larva, a male, ate 42 of 50 eggs presented to it during ages 11-13 days, and a second, a female, consumed 41 of 50 eggs during the same period.  The corresponding cannibalism rates, using Rich’s (1956) model are 0.92 and 0.86 per egg per larva per day.  When divided by 8 to give rates scaled to the standard 8 g of medium used in most cannibalism studies, these values become 0.115 and 0.108.  We believe that these are the highest egg-eating rates observed to date for any life stage of T. confusum or T. castaneum.  Also the mean cannibalism rate for this age interval in the present study, 0.038 per egg per larva per day per 8 g flour, is higher than reported in previous studies.  Such high cannibalistic consumption suggests that larvae of this age have a much higher capacity for egg-eating than previously suspected.  They may rarely approach such high rates under population or standard assay conditions and therefore may rarely become sated with eggs.
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Table 1.  Mean number of eggs eaten out of 50 (+ S.E.) by isolated larvae.  (n = 16 for males and n = 21 for females except as noted)
	Age (days)
	Males
	Females

	3-5
	4.73 + 0.80 *
	3.15 + 0.67 **

	5-7
	4.56 + 0.86
	5.67 + 0.77

	7-9
	8.94 + 0.89
	7.76 + 0.70

	9-11
	14.94 + 1.54
	14.14 + 1.48

	11-13
	20.69 + 2.32
	21.33 + 1.88

	13-15
	11.07 + 1.88 ***
	12.06 + 1.60 ****

	3-15
	63.4 + 3.25 +
	62.05 + 4.65 ++


* n = 15 due to missing observation
** n = 20 due to missing observation
*** n = 14 due to 2 individuals that were prepupae

**** n = 18 due to 3 individuals that were prepupae

+ n = 13; only individuals with complete histories were averaged

++ n = 18; only individuals with complete histories were averaged
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* Behavioral studies on surface numbers in a strain of Tribolium confusum.
In 1964, Dawson reported that adult beetles from an inbred line of T. confusum exhibited a peculiar behavior; rather than tunneling into a vial of fresh flour, the beetles remained on the surface in large numbers.  Here we show that the behavior is still present in the original strain, which has been maintained by mass mating for some 15 years, and present data from experiments designed to explore three aspects of the behavioral response.

In our experiments we used groups of ten randomly selected adults.  Each group was placed in a 6-dram shell vial containing about four grams of standard flour medium (wheat flour plus five percent brewer’s yeast).  The animals were taken from existing stock cultures either as adults or pupae; in the former case theer is no control on age.  All counting and transferring was done at the same time each day, and cultures were kept in a dark incubator at about 290c, 50-60 percent relative humidity.
First, Dawson’s original experiments were repeated using six replicate groups of adults.  The beetles were placed on the surface of the medium each day for five consecutive days and in the middle of the flour column for the next five days.  Each day the number of beetles on the surface was recorded, and both the beetles and flour were sifted out and returned to the vial.

In table 1 the data from this experiment are compared with Dawson’s 1964 data which were based on a single group of 60 adults.  Clearly high proportions of the adults of this strain remain on (or migrate to) the surface of the flour.  The difference between the two experiments, though it may be real, is not of interest.  Similar experiments with our standard outbred strain of T. confusum yielded an average of 4.8 beetles on the surface out of 60 initially placed in the vials.
Next, possible sex differences in the tendency to remain on the surface wre investigated using young adults that had been sexed as pupae and kept separately.  Six groups each of 10 males and 10 females were introduced to the surface of a vial of medium for 5 consecutive days as described above.  The data are shown in Table 2.  Males have higher surface numbers as previously reported by Naylor (1959).  Although the difference is statistically significant, the absolute magnitude is small, and subsequent experiments were done using random samples of unsexed beetles.  The considerably higher surface numbers in this experiment may be related to age of the test beetles.

Third, a long-term experiment was set up to see if the beetles would eventually tunnel into the flour.  Six groups of adults were placed on the surface of a vial medium, and the numbers still on the surface were recorded at daily intervals for the next 10 days.  The vials were disturbed as little as possible during the 10-day period.  As shown in Table 3, the beetles are capable of burrowing into the flour; this suggests that their burrowing ability is not physically impaired.  A regression analysis showed that a large and highly significant portion of the variance in surface numbers can be accounted for by linear regression on days (F = 115.8, P < 0.001, r2 = 0.93).  A slightly higher portion of the variance can be accounted for using logarithms of surface numbers (r2 = 0.97), suggesting that the rate of entry into the flour is quite constant.
Finally, behavioral response to conditional medium was investigated.  Conditioned medium is flour in which beetle populations have been living.  It is depleted nutritionally, and contains waste products, larval and pupal skins and various chemical secretions, including quinones, that are produced by adults and larvae.  Other strains of T. confusum are “attracted” to conditional medium, in the sense that adults enter the medium faster than do T. castaneum adults or choose conditioned over fresh flour in a preference experiment (Ghent, 1963; Ogden, 1969).
For our experiments, conditioned medium obtained from old populations of the aberrant strain was thoroughly mixed and diluted with standard flour medium to dilutions of 1 : 200 (1 part conditioned : 200 parts standard), 1 : 100,  1 : 10,  1 : 5 and 1 : 2.  Preliminary experiments showed that our outbred strain of T. confusum tunneled faster into the heavily conditioned than the slightly conditioned media.  Six groups of adults were used for each of the 5 dilutions plus standard medium (fresh flour).  As in the previous experiment, surface numbers were counted for the next 21 days and the vials were returned to the incubator with minimal disturbance.

Data from this experiment are given in Table 4.  A chi-square analysis using the numbers on and below the surface at Day 1 indicated significant differences between flour mixtures (X2 = 44.7, 5 d.f., P < 0.005).  Thus a greater number of beetles from this strain tunneled into the more heavily conditioned mixtures during the first day.  This behavior is the same as that observed for “normal” strains of T. confusum.
In spite of these differences in numbers that entered the flour the first day, the regression coefficients for regression of surface number on days are quite similar (Table 4).  In fact, a test for equality of the 6 regression coefficients showed that they were not significantly different (F = 1.86; 5, 105 d.f.).  Thus the different mixtures of fresh and conditioned flour are not progressively occupied at different rates.

In his initial report on the peculiar behavior of beetles from this strain, Dawson (1964) suggested a number of possible explanations.  Two of the possibilities were decreased tunneling ability and increased sensitivity to quinones.  The experiments reported here suggest that these two possibilities are not very likely.
This investigation was supported by the National Science Founation (DEB 76-21398).
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Table 1

Numbers of adults out of 60 of a strain of T. confusum found on surface of flour in ten consecutive daily transfers.  The 1964 data are from Dawson (1964).

	Year
	Placed on Surface
	Placed in Middle

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1964
	43
	57
	55
	59
	58
	58
	58
	58
	55
	58

	1976
	40
	50
	54
	39
	42
	42
	41
	34
	44
	38


Table 2
Surface numbers out of 60 male and female adults of a strain of T. confusum
	Day
	 Males
	Females

	1
	59
	56

	2
	57
	51

	3
	55
	53

	4
	58
	55

	5
	56
	51

	X + S.E.
	57.0 + 0.7 *
	53.2 + 1.0


* Significantly (P < 0.01) greater than female mean
Table 3

Numbers of adults out of 60 of a strain of T. confusum observed on the surface during daily observation of undisturbed cultures.

	Day
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Surface Number
	60
	50
	39
	33
	29
	20
	21
	20
	12
	11
	7


Table 4
Numbers of adults out of 60 of a strain of T. confusum observed on the surface during daily observation of undisturbed cultures in six mixtures of fresh and conditioned flour.  Also given are regression coefficients (b) and coefficients of determination (r2) from regressions of surface number on day.

	Day
	Fresh
	1:200
	1:100
	1:10
	1:5
	1:2

	0
	60
	60
	60
	60
	60
	60

	1
	58
	58
	54
	49
	38
	40

	2
	58
	58
	53
	47
	37
	39

	3
	57
	56
	51
	48
	25
	34

	4
	53
	51
	55
	44
	19
	35

	5
	53
	50
	48
	43
	16
	27

	6
	50
	41
	45
	43
	9
	28

	7
	46
	45
	46
	38
	14
	28

	8
	36
	32
	46
	41
	15
	24

	9
	38
	33
	47
	40
	8
	22

	10
	39
	31
	46
	40
	7
	20

	11
	36
	30
	42
	39
	7
	18

	12
	33
	23
	40
	--
	--
	--

	13
	--
	--
	--
	--
	--
	--

	14
	--
	--
	--
	25
	2
	9

	15
	19
	14
	30
	24
	3
	16

	16
	26
	28
	34
	9
	4
	5

	17
	27
	15
	28
	13
	0
	3

	18
	18
	15
	35
	11
	1
	11

	19
	18
	17
	25
	6
	0
	9

	20
	16
	14
	20
	8
	1
	6

	21
	26
	14
	17
	--
	--
	--


	b
	- 2.15
	- 2.41
	- 1.73
	- 2.45
	- 2.09
	- 2.11

	r2
	0.93
	0.92
	0.92
	0.92
	0.72
	0.87
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* The Determination of Chromosome Number of Tribolium brevicornis and Tribolium anaphe.


The cytology of Tribolium is not well known.  Smith (1952a, 1952b, 1956) conducted cytological studies on T. confusum, T. castaneum, T. destructor and T. madens.  The purpose of this note is to report the chromosome numbers of two additional species, T. brevicornis and T. anaphe.

The T. bervicornis beetles used in the experiment were the offspring of beetles collected from a natural population of beetles located in Waterman Canyon, San Bernardino, Calif.  The T. anaphe strain was supplied by the Tribolium Stock Center, San Bernardino State College.  Male beetles were injected with a fixative composed of three parts absolute alcohol to one part glacial acetic acid.  After 10 to 15 minutes, the testes were dissected out, stained with acetic- orcein stain and squashed.  The preparations were examined with a phase contrast microscope.

The testes of T. brevicornis were found to contain cysts, made up of 10 to 20 cells that were closely synchronized so that they were all in the same stage of cell division.  Examination of cells in metaphase showed that T. brevicornis has nine bi-valents.  The chromosome s at metaphase appear both as bipartite and quadripartite. Isolated cells were found that had a somatic chromosome number of 18.  No evidence of a heteromorphic sex chromosome pair was observed.

The testes of T. anaphe did not appear to contain the abundance of cysts found in T. brevicornis.  Examination of cells in metaphase showed that T. anaphe also has a somatic chromosome number of 18.  No sex chromosome pairing was observed in T. anaphe.

References
Smith, S.G. (1952a).  The evolution of heterochromatin in the genus Tribolium.  Chromosoma 4, 585-610.
Smith, S.G. (1953b).  The cytology of some Tenebrionid beetles (Coleoptera). J. Morph. 91, 325-64.
Smith, S.G. (1956).  Extreme chromosomal polymorpism  in a coccinellid beetle.  Experentia 12, 1-4

[image: image3.emf]
Figure 1.  Side view of first meiotic metaphase in a cell from the testes of T. brevicornis showing bi-partite chromosomes.

[image: image4.emf]
Figure 2.  Side view of first meiotic metaphase in a cell from the testes of T. brevicornis showing quadric-partite chromosomes.
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Figure 3.  Polar view of spermatogonial mitosis in the testes of T. anaphe.
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* Fecundity of genotypes and egg developmental times at the weird egg (wd) locus in Tribolium castaneum.

During the course of an investigation into the fate of the weird egg (wd) gene in laboratory populations of T. castaneum, measurements were made on fecundity of weird versus normal females and on developmental time of weird versus normal eggs.  These data are the subject of this report.

METHODS
Weird eggs (wd) is an autosomal recessive gene which causes homozygous females to lay smooth shiny eggs rather than the normal flour-coated eggs (Dawson and Riddle, 1975).  Thus the phenotype of the egg is determined by maternal genotype.  Weird eggs lack the outer sticky coat (Riddle and Riddle, 1977).

The beetles used in these experiments were isolated as adults (or their progeny), for populations segregating for wd, during the course of gene frequency determinations.  All experiments were conducted in an incubator maintained at 290c., 50-60 percent relative humidity.
Three fecundity experience were conducted.  For the first, 30 females of each phenotype were placed individually with males in vials containing about 4 g of Gold Medal flour (fine bleached wheat).  After 48 hours, flour was sifted and eggs counted.  The second experiment differed in the following respects from the first : about 30 females of each genotype were placed individually in 3 g of yeast supplemented Gold Medal flour for 48 hours.  In both cases the density of adult beetles during egg laying was intentionally low to minimize egg cannibalism.

The females used for the second experiment had been isolated from males for a week immediately preceding the fecundity determination.  The results of this experiment and other general observations suggested that the absence of mating for a week prior to egg laying might be an important determinant of fecundity.  Also, since cultures are not as successful in Gold Medal flour as in whole wheat flour, the former may affect fecundity.  A third experiment was conducted.  Three replicates of 10 weird plus 10 normal egg laying females were each mass mated with 20 males for 9 days.  Each beetle was then put in 2.8 grams of supplemented fine whole wheat flour for 24-26 hours.  Following egg counts, each replicate of 20 females was reconstituted without males for a week and fecundity was then redetermined.
Duration of the egg stage was determined by placing 50 eggs of age 0 to 8 hours in each of a number of covered Syracuse dishes and counting the newly hatched larvae at 8 hour intervals.  As a check, eggs were placed in Gold Medal flour and sifted at 8 hour intervals to count larvae.  Eggs were obtained from females isolated from the segregating populations; the maternal portion of each egg genome was derived from the populations but the paternal portion was derived from a weird stock strain.
RESULTS

The first two fecundity experiments yielded different results.  In the first experiment, the mean numbers of eggs (+ S.E.) produced by normal and weird females were 35.5 + 1.08 and 34.2 + 1.48, respectively.  The first group includes both + / + and + / wd genotypes.  The two means are not significantly different from each other by Wilcoxon rank test (P > 0.05).
Data from the second experiment are shown in Fig. 1.  Here fecundities for all three genotypes were measured separately.  The two normal genotypes were not significantly different (Wilcoxon, P > 0.05), but wd / wd females laid significantly fewer eggs than either normal genotype (P < 0.001).
The experiment designed to test for an influence of males on fecundity was analyzed via analysis of variance.  Results are given in Table 1.  The presence or absence of males for the week preceding egg laying was the only significant source of variation.  The data were pooled over replicates and shown in Fig. 2.  Females deprived of males have lower fecundity.  This is in agreement with the “male stimulating effect” reported by Gall (1970).  However, the lack of a significant male x egg phenotype interaction indicates that the two egg types are not affected differentially.  Furthermore, the fecundities of weird and normal females are not significantly different.  This is in agreement with the first experiment but contradicts Fig. 1.  Gold Medal flour was used for both the first two studies so this inconsistency is not attributable to differences in flour medium.  Nor can male availability, humidity or the duration of the egg laying period be implicated.  For the second experiment, all beetles had been inadvertently left out of the incubator for 2 days immediately prior to fecundity determination.  Fecundity does vary with temperature (Park and Franki, 1948; Howe, 1962).  The low fecundity of wd / wd females may be attributable to differential sensitivity to lower temperature.

Duration of the egg stage is shown in Fig. 3.  There were no significant differences between the two egg types in either experiment (Wilcoxon, P > 0.05).

This investigation was supported by the National Science Foundation (GB-30868 and DEB 76-21398).  We thank Kathleen Murray for technical assistance.
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Table 1.

Analysis of Variance for Fecundity

	Source of Variation
	d.f.
	Mean Square

	Males (A)
	1
	371.0 ****

	Egg Phenotype (B)
	1
	27.1

	Replicate (C)
	2
	8.8

	Interactions

	A x B
	1
	3.0

	A x C
	2
	14.8

	B x C
	2
	10.0

	A x B x C
	2
	1.1

	Error
	108
	13.4


**** P < 0.001
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Fig. 2.  Number of eggs laid in 24 hours by females of each phenotype with males either present or absent in the week prior to egg-laying.  Open-normal eggs.  Stippled-weird eggs. Arrows indicate means.

[image: image8.emf]
Fig. 3.  Duration of the egg stage for both egg phenotypes in two experiments.  Open-normal eggs. Stippled-weird eggs.
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* Preliminary heritability estimates in Tribolium brevicornis


In the past, this laboratory has been actively engaged in both population and quantitative genetic research using Tribolium castaneum.  Recently, cultures of Tribolium brevicornis have been acquired, with the intent of their utilization in future projects.  This report concerns itself with only the first of several exploratory parameter estimations.


The basic biology of Tribolium can be found in Sokoloff (1972).  In comparison to cultures of Tr. Castaneum under similar environmental conditions.  T. brevicornis cultures exhibit both larger body size and longer developmental time.  Heritability of both 14-day and 21-day larval weight in T. brevicornis can then be estimated by a simple design with s sires, d dams nested within each sire, and c egg collections taken one a day from each dam.  Egg collection in individual ¾ oz. coffee creamers with 2 g standard medium (95% whole wheat flour and 5% dried brewers yeast, by weight) were maintained at 330c and 70% relative humidity.

The results from the standard hierarchical analysis of variance are shown in Table 1.  In addition, similar parameters are presented for the Purdue pearl population of T. castaneum (Krause and Bell, 1972) for comparison.

Table 1. Parameter comparisons in T. brevicornis and T. castaneum.

	Trait
	T. brevicornis
	T. castaneum

	
	14-day
	21-day
	13-day

	Mean Larval Weight (dµg)
	208.3 + 7.2
	1416.4 + 20.3
	191.0 + 2.0

	Average Larval Number
	8.6 + 3.8
	8.5 + 3.7
	14.7 + 0.3

	Heritability *, Larval Weight

	Sire Component
	0.01 + 0.28
	0
	0.05 + 0.13

	Dam Component
	0.23 + 0.24
	0.44 + 0.20
	1.00 + 0.20


* negative heritability estimates are assumed to have zero value.


Estimates of heritability by use of the sire component have long been preferred to those estimates obtained by use of the dam component, since the dam component contains additional effects due to dominance and common environment.  Estimates of heritability based on the sire component are not significantly different from zero.  In retrospect, this result may not be too surprising.  The population of T. brevicornis sampled had been reproduced for many generations as a closed population and genetic variation could have been reduced due to a small number of effective breeders.  The possibility of reduced additive genetic variation due to equilibrium frequencies at heterotic loci is unlikely for the metric trait larval weight.  In order to generate additional additive genetic variation, a synthetic stock of T. brevicornis needs to be established by a systematic combination of unrelated laboratory stocks.  The synthetic population would then be more likely to exhibit gene frequencies away from equilibrium and consequently greater additive genetic variance.
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* Ultrastructural identity of two non-allelic egg shell mutants
Eggs of Tribolium castaneum homozygous for either of two genes, weird (wd) (Dawson and Riddle, 1975) or nude (nd) (Dawson, 1975), fail to acquire the usual coating of flour particles and therefore appear “shiny”.  Weird eggs lack the outer “sticky layer” (Riddle and Riddle, 1977).  We report here that the ultrastructural phenotype of nude eggs is identical to that of weird eggs.
Scanning and transmission electron micrographs of nude eggs are shown in Figure 1 and 2, respectively.  Specimens were prepared according to the procedures used for weird and normal eggs (Riddle and Riddle, 1977).  The scanning electron micrograph (Figure 1) shows that the surface of nude eggs is smooth, unlike the textured appearance of normal eggs (of Figure 4, Riddle and Riddle, 1977).  That the smoothness is due to the absence of a sticky layer as in weird eggs is confirmed by the cross-sectional view (Figure 2).  The other layers appear identical to those in normal and weird eggs.
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LEGENDS
Figure 1.  Scanning electron micrograph of nude egg.  The bar represents 50 µm.

Figure 2.  Transmission electron micrograph of cross section of nude egg.  The bar represents 0.1 µm.
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* Differences in linkage group affiliations among enzyme coding loci in Tribolium castaneum and T. confusum.

We have been examining the extent and genetic bases of electrophoretic variation in laboratory populations of Tribolium castaneum and T. confusum.  During routine testing, we discovered an interesting distinction between the two species.  Our data indicate that two enzyme coding loci, hexokinase-3 (HK-3) and malic enzyme (ME) are autosomal in T. castaneum but sex-lined in T. confusum.  We herein report these preliminary findings.
MATERIALS AND METHODS
Genetic Variation: To date we have discovered two alleles at the HK-3 locus and three at the ME locus in T. confusum, and two alleles at the ME locus and three at the HK-3 locus in T. castaneum.  Phenotypes and genotypes were designated by the relative anodal mobility of enzyme bands during electrophoresis; “S” (slow), “M” (medium), “F” (fast).

Populations and Crosses: Single pair matings were made using females from the outbred Oregon synthetic populations of T. castaneum (E series) and T. confusum (B series).  Male parents were obtained from homozygous inbred lines.  The T. castaneum line was fixed for HK-3M and MES and the T. confusum line was fixed for HK-3F and MES.  Some crosses were also made among T. confusum males and females from the Oregon population (M series).  Parental phenotyes could not be determined by electrophoresis.

Progeny Testing: Progeny pupae resulting from single pair matings were examined for variation at the HK-3 and ME loci.  Male and female progeny were scored individually.
Tissue Preparation:  Methods for preparation and electrophoresis of larvae and pupae are identical except as noted.  We have been generally unsuccessful with adults.  Individual pupae were prepared for electrophoresis by homogenizing in 10 µl (20 µl for larvae) for grinding butter (0.1 M Tris, 0.001 M EDTA, 5 x 10-5 M NADP, pH adjusted to 7.0 with HC1) in a ceramic spotting tray (cross 00) with a suitable glass rod.  Homogenates were collected in hematocrit tubes which were subsequently sealed with “Critoseal” (VWR) putty.  Homogenates were immediately centrifuged at approximately 300 rpm for 7-10 minutes in ice water or first frozen overnight then centrifuged (no difference in activity or resolution was noted after freezing).  The samples were then used for electrophoresis.
Starch Gel Electrophoresis: Electrophoresis was carried out on horizontal starch gels of 11.38 g Electrostarch (lot 302) per 100 ml of approximate buffer, utilizing standard techniques (Selander et al., 1971).  For ME, buffet system A (Shaw and Prasad, 1970) was used.  For HK-3, buffer system B (Schaal and Anderson, 1974) was employed.  A: Electrode; 0.135 M Tris, 43 mM citric acid, pH 7.0.  Gel: 9mM Tris, 2.9mM citric acid, pH 7.0; Current, 175 volts (15-18 v/cm) for 4.5 hours.  B. Electrode; 0.223 M Tris, 86 mM citric acid, pH 5.8.  Gel: 7.8 mM Tris, 3 mM citric acid, pH 5.8; Current 150 volts (13-15 v/cm) for 3.5 hours.  Samples were applied to gels on applicator wicks (4.5 x 3.0 mm) of Whatman # 3 filter paper.

Enzyme “Strains”: ME: 7 ml 2.0 M sodium malate solution, pH 7.0, 20 mg MTT tetrazolium, 15 mg NADP, 3 mg PMS (phenazine methosulfate) in 50 ml of 0.2 ris – HCL buffer, pH 8.6.  Incubate in the dark at 370c.  HK-3: 500 mg glucose, 12.5 mg ATP, 10 mg MgCl2, 30-40 units of G6PDH, 12.5 mg NADP, 10 mg MTT tetrazolium, 2.5 mg PMS in 50 ml of 0.1 M Tris HC1, pH 8.0.  Incubate in the dark at 370c.
RESULTS AND DISCUSSION

Data from several sibships showing electrophoretic phenotype variation are given in Table 1 (HK-3) and table 2 (ME).  No heterozygous males were detected in T. confusum for either enzyme.  Ratios for all T. castaneum crosses are consistent with an autosomal, codominant model, whereas ratios for all T. confusum crosses are consistent with a sex-linked, codominant model.  Chi-square values from tests of the adequacy of these models were non-significant (Tables 1 and 2).
We conclude that the loci encoding HK-3 and ME are autosomal in T. castaneum but sex-linked in T. confusum.  These findings are important in two respects.  First, the discovery of new sex-linked loci in T. confusum adds substantially to the catalog of useful sex-linked markers in that species.  More importantly, the species differences in location of these loci may be germane to the elucidation to the evolutionary relationship of the T. castaneum and T. confusum species groups.  Smith (1952) has hypothesized that the X chromosome of the T. confusum group (8AA + X + Y) was derived from the fusion of an autosome and the X chromosome.  The T. castaneum group retains the primitive configuration (9AA + X + Y).  This idea has found support in previous genetic work by Dawson (1968).  We believe that careful examination of the linkage relationships of the HK-3 and ME loci, with each other and with other marker loci may provide additional support for this hypothesis.  We are currently pursuing this problem.
This investigation was supported by the National Science Foundation (DEB 77-25569).
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Table 1

HK-3 phenotypic ratios and X2 tests

of autosomal / sex-linkage inheritance patterns

	Mating
	
	
	
	
	

	T. castaneum
	M
	M / F
	F
	X2

	E-21
	♂
	12
	10
	0
	

	
	♀
	10
	14
	0
	

	E-37
	♂
	9
	7
	0
	

	
	♀
	10
	10
	0
	

	Totals
	♂
	21
	17
	0
	0.41a

	
	♀
	20
	24
	0
	0.36a

	
	
	
	
	
	

	T. confusum
	S
	S / F
	F
	X2

	M-4
	♂
	15
	0
	15
	0.00b

	
	♀
	0
	14
	16
	0.13b

	Totals
	♂ +  ♀
	15
	14
	31
	0.01b

	M-1
	♂
	12
	0
	18
	1.20b

	
	♀
	12
	17
	0
	0.86b

	Totals
	♂ +  ♀
	24
	17
	18
	1.88b


aautosomal model
bsex-linked model
Table 2
ME phenotypic ratios and X2 tests of autosomal / 

sex-linkage inheritance patterns

	Mating
	
	
	
	
	

	T. castaneum
	M
	M / F
	F
	X2

	E-41
	♂
	2
	6
	0
	

	
	♀
	4
	6
	0
	

	E-35
	♂
	4
	4
	0
	

	
	♀
	7
	1
	0
	

	Totals
	♂
	6
	10
	0
	1.00a

	
	♀
	11
	7
	0
	0.89a

	
	♂ + ♀
	17
	17
	0
	0.00a

	T. confusum
	S
	S / F
	F
	X2

	B-42
	♂
	14
	0
	6
	

	
	♀
	6
	10
	0
	

	B-50
	♂
	6
	0
	9
	

	
	♀
	6
	9
	0
	

	Totals
	♂
	20
	0
	15
	0.71b

	
	♀
	12
	19
	0
	1.58b

	
	♂ +  ♀
	32
	19
	15
	1.18b


aautosomal model

bsex-linked model
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* Antennal fusion in a number of mutants in T. castaneum and T. confusum.  


The purpose of this note is to record the phenotype of a number of mutations in T. castaneum and T. confusum in which the fusions of antennameres has not been previously recorded.  Although mutants generally referred to as fused antennal segments (fas) may not be the most useful as markers, they are of interest because of the way the antenna forms in beetles (see Sokoloff, 1966 and 1972, for discussion) and became the genes responsible for them switch on and off producing the effects finally observed in the adults (see also Sokoloff 1975, 1977 for descriptions of effects by other antennal mutantions).
T. castaneum

Deformed.  The following sements irrespective of right and left-handedness were observed to be involved in fusions:

	
	Males
	Females

	4-5
	6
	10

	4-8
	0
	1

	6-7
	1
	5

	6-8
	0
	1

	7-8
	3
	1

	4-5, 6-7
	13
	6

	4-5, 6-8
	9
	5

	4-5, 7-8
	11
	8

	6-7, 8-9
	1
	0

	3-5, 7-8
	0
	1

	3-8, 9-10
	0
	1

	3-8, 10-11
	0
	1


T. castaneum
Dachs.  As described under New Mutants in this volume of TIB, this mutant has effect on both antennae (the predominant effect) and on the legs (a secondary effect unreliable for identifying the mutant, since it does not appear every time, and it does not affect the legs equally).  The segments of the antennae affected, regardless of right and left-handedness were as follows.

	
	Males
	Females

	3-4
	
	

	5-6
	
	

	5-8
	
	1

	5-11
	
	2

	6-7
	
	

	6-8
	
	2

	6-9
	
	1

	7-8
	1
	

	9-10
	
	

	7-11
	1
	

	8-11
	
	

	9-11
	
	

	10-11
	
	

	3-4, 7-9
	
	

	3-4, 8-10
	2
	

	3-4, 8-11
	1
	

	3-4, 7-8
	3
	

	3-4, 7-9
	1
	

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

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

	6-7, 8-9
	1
	

	7-8, 9-10
	3
	1

	7-8, 9-11
	6
	

	7-8, 10-11
	
	1

	5-6, 7-8
	
	3

	5-6, 7-11
	
	1

	5-6, 8-11
	
	1

	5-8, 9-10
	
	3

	5-8, 9-11
	
	1

	5-6, 7-8, 9-11
	
	1

	5-6, 7-8, 9-11
	
	1

	6-7, 9-10
	
	1


T. confusum
Fused antennal segments-3 (fas-3).  Autosomal recessive of variable expression.  The segments affected are in the funicle and in the club (regardless of right or left-handedness).

	
	Males
	Females

	3-4, 5-6
	2
	

	3-4, 5-7
	1
	

	3-4, 6-7
	0
	3

	3-4, 6-8
	
	1

	3-4, 7-8
	4
	1

	3-4, 8-9
	4
	

	3-4, 6-9
	
	1

	3-4, 6-10
	2
	1

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

	3-4, 5-6, 7-8, 9-10
	2
	3

	3-4, 5-6, 7-9
	3
	2

	3-4, 6-8, 8-9
	5
	2

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

	3-4, 6-7, 8-9, 10-11
	1
	

	3-4, 8-9, 10-11
	1
	

	3-4, 5-6, 7-10
	2
	7

	3-4, 5-6, 8-9
	1
	2

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

	3-4, 7-8, 9-10
	
	2

	3-4, 6-7, 8-10
	
	2

	3-4, 6-7, 9-10
	
	1

	3-4, 5-8, 9-10
	
	2

	3-4, 5-6, 8-10
	
	1

	3-4, 6-7, 9-11
	
	1


Fused antennal segments-4 (fas-4).  Autosomal recessive of good viability, variable expression and complete penetrance.  Found as a single contaminant in a stock of T. castaneum (Fta au lod p).  The main effect is on the funicle, where segments 3-4 and 5-6 are fused.  If the club is affected, segments 9-10 are fused.  In the sample examined and scored for fusions there were the following:-

	
	Males
	Females

	
	Right 
	Left
	Right
	Left

	3-4, 5-6
	8
	8
	1
	1

	3-4, 5-6, 9-10
	4
	4
	19
	19


It appears that the effect is most pronounced in females, the effect extending more consistently to the club.  This may indicate that in females the gene begins to act at a slightly earlier stage than in males.
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* A search for methods of determining the type of food ingested by Tribolium.


Tribolium brevicornis populations have been found locally in the alder trees growing at Waterman Canyon near San Bernardino, California.  (Sokoloff et at., 1977).  Since the flour beetles occur either under the bark of the tree or in galleries produced by the carpenter bee Xylocopa it is difficult to extract the beetles without greatly disturbing their natural habitat, and the behavior of the beetles.


The tropic level of the beetles can only be guessed at under these conditions.  If the beetle is found under the bark of trees it can be assumed that the beetles are either feeding on the fungi which sometimes occur under the bark, on carbohydrates produced by the tree itself, or perhaps on small arthropods occurring under the bark, including eggs, larvae, and pupae of the same species.  Thus the beetles could be considered herbivores or carnivores, or they can be cannibalistic.  And finding the beetles in the Xylocopa galleries does not necessarily mean that the beetles are preying on the immature stages of the carpenter bee.  Their presence in the galleries can be explained in numerous ways, including preying activities of the beetles on the young of the Xylocopa host, transient occurrence in the galleries as the beetles move from one part to another within the log, etc.

Probably the most reliable method to determine the previous diet of beetles is by examining the intestinal contents of the beetles, or, if the beetles are needed for further studies and they can not be sacrificed, the beetles can be isolated in an empty glass container and a scatological examination can be performed.


If the beetles can be sacrificed, removal of the entire digestive tract is a relatively simple process: Both adults and larvae are decapitated, and by pulling the last abdominal segment away from the remaining part of the body the remaining part of the intestine can be pulled usually in one piece.  The intestines of several larvae can be mounted in Ringer’s solution under a coverslip and examined immediately.  Since the intestines are transparent, there is no need to tease the intestinal tissues to cause the contents to spill out.  If any exoskeleton is ingested by the flour beetle this will be visible, and recognizable because of the pigment deposited and the sculpturing, and setae of antennae, mandibles and should be able to determine even the species of organism devoured by the flour beetles by comparing the fragments in the intestine with the photographs included in the monograph of Kurtz and Harris (1962), provided that the fragments and the photographs coincide.  However, organisms collected in nature, if carnivorous, may have ingested material not included in the aforementioned monograph, and this, of course, would not be classifiable except in a rough way.

If the animals have to be preserved for further study, they can be isolated in a clean vial.  Eventually they will deposit fecal pellets which can be extracted readily and mounted on a slide.  Dry fecal pellets are far less informative than those which can be softened and spread between a slide and coverslip.  We have found that fecal pellets will do precisely this if immersed in a drop of glycerine.  After a coverslip is applied, the material under the coverslip will spread readily when tapped with forceps.  It is then possible to examine individual exoskeletal fragments.  Claws, setae, antennal segments, and portions of exoskeleton retain their morphology even when exposed to digestive enzymes, and the degree of carnivory or cannibalism practiced by different strains can readily be established.
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* Further observations of natural population of Tribolium brevicornis

Sokoloff et al. (1977) found a natural population of Tribolium brevicornis near San Bernardino, California in a locality designated as Waterman Canyon.  The beetles occurred either under the bark or in galleries produced in the trunks of dead alder trees (Alnus rhombifelia) by the carpenter bee Xylocopa tabaniformes orpifex.


Just 10-15 meters away we found a honey bee nest in the hollow of a downed sycamore tree.  Since Tribolium brevicornis has been found to parasitize the alfalfa leaf-cutter bee Megachile pacifica we thought it would be worthwhile to determine whether T. brevicornis is an inquiline of honey-bee nests in this area.  We brought this material to the laboratory and careful examination of the section of the sycamore tree and the honeycomb failed to uncover any specimens of T. brevicornis.

The honeycomb was placed in the freezing compartment of a refrigerator, and a year later, when another sample of T. brevicornis was obtained from Waterman Canyon, we introduced 10 pairs of beetles in a jar containing a part of the honeycomb containing dead larvae, pupae and immature adults of the honey bee, and into another jar 10 pairs of beetles and a part of the honeycomb storing pollen.  Both of the jars were introduced into a incubator maintained at 320c and about 70 per cent relative humidity.


It was found that both types of cells are highly suitable for the maintenance of life and reproduction of T. brevicornis.  Adults of the beetle were seen moving in and out of the cells, and feeding either on the dead bees or on the pollen reserves.  Shortly thereafter larvae began to appear, and they too moved in and out of the cells occupied by the dead bees or pollen.  Preliminary observations suggest that the dead corpses of the bee are a more suitable diet to T. brevicornis larvae than the pollen.  Furthermore, it is curious that the T. brevicornis larvae feeding on dead bee larvae appear larger and more like the larvae grown in standard Tribolium medium (whole wheat flour plus brewer’s yeast in 19 : 1 proportions): the larvae exhibit blackish markings on the tergites at any instar (except when the larvae have recently molted).  The larvae feeding on pollen, on the other hand, had reddish markings on the targites during most instars, and only in the later larvae instars did the markings become blackish.

These experiments show that T. brevicornis could easily utilize the rich material stored in honeybee hives.  The absence of T. brevicornis from the honeybee hive must be attributed to the efficient protective role of the honeybee worker in keeping these insects away from the hive.
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* Gregarines in Tribolium.


Ishii (1913) examined samples of Tribolium castaneum collected in the Province of Izu, Japan.  He found four species of gregarines, of which only one, Gregarine cuneata had been described.  The other three, Gregarina minuta, G. crassa, and Steinina obconica differed significantly in morphology and cytological details such as position of the nucleus, cytoplasmic granules, etc., and they proved to be new species.  These differences can be seen in Fig. 1, traced from Ishii’s paper.  Note in particular the size and shape of the protomerite, the shape, length and width of the deutomerite, the position of the nucleus and the nature of the cytoplasm. (to be described). 


Dawson (1973) discovered that one of the Tribolium castaneum stocks sent to him from the Tribolium Stock Center was parasitized with gregarines.  He contributed a photograph (used in the frontespice of the section on Stock lists in Tribolium Information Bulletin 15), but no other details.

The purpose of the investigation reported here was to determine whether the parasites observed in T. castaneum were present in the other species of Tribolium available in the Tribolium Stock Center.

Materials and Methods


The species examined were T. anaphe, T. audax, T. brevicornis, T. castaneum, T. confusum, T. destructor and T. madens.  Preliminary studies indicated that, if gregarines are present in a stock, they are more abundant in the gut of the larvae and less so in that of the adult.  Furthermore, it was observed that dissections of adults usually result in dead gregarines when the reservoirs of the beetle’s stink glands burst on dissection, releasing quinones which are toxic to the parasites (and other cells including sperms).  This can be avoided by dissecting larvae, since the stink glands do not begin to secrete quinones into their reservoirs until the pupa stage.

Six larvae were selected at random and after decapitation their guts were removed in Insect Ringers Solution.  To prolong the usefulness of the preparation, the coverslip was ringed with paraffin.  In this manner the parasites can be observed (and photographed) for a day or two after the larvae are dissected.  All drawings are done free-hand when gregarines were viewed at 400X magnification.  Subsequently all but Fig. 4 were reduced 30 per cent.
Results


The results of microscopic examination indicate that of the seven species available at the Tribolium Stock Center three (T. audax, T. madens and T. anaphe) are free of parasites.  Gregarines have been found in some (but not in all) stocks of the remaining species.  Since we are not specialists in protozoan parasites of Tribolium, especially gregarines, it is hoped that a parasitologist will become interested in this material.  We have included sketches of some of the parasites found in the various species, to give the reader some idea of what is available.


Fig. 2 shows some gregarines found in T. castaneum.  The difference in size of gregarines within a given specimen is remarkable – the smallest are only about one-fifth the size of the largest.  There are also differences in shape.  The shape of the protomerite is half-moon shaped.  The shape of deutomerite is either oval or rectangular.  It the latter, the gregarine may be narrow and greatly elongated as in 2D or not very long and much broader as in 2E.  As can be seen in the figures, the nucleus is centrally located in the deutomerite.  The cytoplasmic granules are not very dark, and they appear light brown.


The gregarines found in T. confusum resemble those described above for T. castaneum in size, shape, color and position of the nucleus (Fig. 3).  Again the differences between the smallest and largest specimens is about five-fold.  (Compare Fig. 3A and E with H, J and K).  The protomerite in C was greatly enlarged.  Several deutomerites showed signs of budding (see Fig. 3D, H and L).  One specimen (3H) appeared to have a double nucleus.


The gregarines found in T. destructor are perhaps less oval and more irregularly rectangular than those seen in T. castaneum and T. confusum (Fig. 4).  The sides of the deutomerite are more sinuous, and in addition to the nucleus there is another nucleus-like body which may represent another nucleus or a vacuole.  (In unstained material it is difficult to tell whether the latter contains a nucleolus).


Finally, the gregarines of T. brevicornis are shown in Fig. 5.  The protomerite is irregularly half-moon shaped, it is much larger than that observed in the other three species of Tribolium, and typically it extends farther posteriorly on one side than on the other as shown in Fig. 5D.  The sides of the deutomerite are more irregularly parallel than the gregarines seen in the other flour beetles.  The satellite appears more pointed as in Fig. 5B.  Note that in these satellite the protomerite is quite distinct (Fig. 5B, C).  Furthermore, in Fig. 5C the satellite is extremely long, and the posterior one third was quite transparent and quite pointed.  One specimen shown in Fig. D had three buds, at different stages of development (one did not have a nucleus).  Attached to the middle bud was a small bubble-like object and beyond it was attached a small, fully formed sporont which apparently had detached from a mother sporont, and somehow became stuck on the bubble-like object.  Note that in these gregarines the nucleus is located in the deutomerite near the septum separating it from the protomerite.  The granules in these specimens are much darker – grayish black, so the nucleus is harder to see.

Our conclusion is that in the four species of Tribolium examined and found to be parasitized, there are at least two species of Gregarina.
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[image: image10.emf]
Fig.1.  The four species of gregarines described by S. Ishii (1913).  A. Gregarina Cuneata; B. Gregarina minuta; C. Gregarina crassa; D. Steinina obconica. (Original drawings 360X reduced 30 per cent).
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Fig. 2.  Gregarines found in some T. castaneum stocks maintained in the Tribolium Stock Center.  (Free hand drawings of specimens when magnified 400X reduced 30 per cent).

[image: image12.emf]
Fig. 3.  Gregarines found in some T. confusum stocks maintained in the Tribolium Stock Center. (Free hand drawings of gregarines magnified 400X reduced 30 per cent).

[image: image13.emf]
Fig. 4. Gregarines found in the T. destructor stock maintained in the Tribolium Stock Center (Free hand drawings at 400X, not reduced).
[image: image14.emf]
Fig. 5.  Gregarines found in T. brevicornis stock maintained at the Tribolium Stock Center.  (Free hand drawings at 400X reduced 30 per cent).
Explanation of figures

Top: A gregarine, near a malpighian tubule, consisting of protomerite, deutomerite in syzygy with a satellite lacking a protomerite.  Note centrally located nucleus.


Middle: An aggregation of gregarines showing variation in size and form.  Note that the smallest gregarines may be ¼ to 1/5 the size of the largest ones.


Botton: The large gregarine has two satellites, both of which lack protomerites.

[image: image15.emf]
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* The effects of “aureate” (au), an autosomal recessive mutant in T. confusum
Ackermann (1967, TIB 10, 86-87) found that aureate, an autosomal recessive mutation in T. castaneum produces beetles whose bodies appear more pubescent than wild type.  She counted setae on the abdominal segments of normal and aureate beetles and she found that the mutants had the numbers of bristles increased two or three-fold over the normal.  This effect was apparently confined to the sclerotized portions of the exoskeleton, since similar counts on the membranous wings of the same types of beetles failed to show any significant difference in bristle number.  Pease, Hayes and Sokoloff (TIB 10 : 122-130) using a scanning electron microscope were able to show that the increase in bristles could be observed in the antennae ad in the number of cervical bristles as well.
Preliminary counts of bristles were made following the method described in Ackermann (1967).  Five areas, one in each of the abdominal segments, were chosen at random for bristle counts.  Ten beetles from a wild type stock and five from the aureate stock gave 14.4 + 0.345 bristles per square in the ocular reticle for the normal, and 32.36 + 0.458 for the aureate beetles.  Hence, the au gene in T. confusum, just as in T. castaneum increases the number of bristles approximately three times over the normal.
Just as in T. castaneum the trait can be recognized with a little training as soon as the larvae emerge from the egg.  The larvae appear a lot harrier, and the hairs have a golden appearance.

Aside from its own importance as a useful marker expressing itself in all stages beyond the egg, this mutation is of importance because comparative genetic studies can now be carried out with T. castaneum and T. confusum.  Although the map position of black, melanotic stink glands, light ocular diaphragm and aureate has not been worked out, these four genes are known to be linked in T. castaneum.  The occurrence of black and melanotic stink glands in T. confusum suggested that the third linkage group in T. castaneum and third linkage group in T. confusum represented homologous chromosome s.  With the discovery of two other pairs of genes that appear homologous in their effect it will be possible to establish homology between these linkage groups, and determine whether the distances and relationships of the various genes have been altered in the course of their evolution.
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* The Use of the Flour Beetles as Test Organisms for Physiological, Biochemical, Behavioral and Genetic Toxicology in Stored-Products.


It is surprising that, even though cereals and their products constitute about 30% of the developed countries’ and 70% of the developing countries’ diet, there is relatively little information on the effect of food additives and contaminants in these important food substances.  Therefore, in this note I would like to present some of my views on this subject.  I will concentrate on the suitability of T. castaneum as screening organism for harmful materials in stored products.  By doing so, I hope that I will succeed in opening the discussion on this important subject.  First, I will state briefly the aims and significance of the project and secondly I will outline possible methods and techniques to be used.
AIMS AND SIGNIFICANCE OF PROJECT


There is increasing concern over the possible long term effects of insecticide residues and food additives as it has been shown that several substances in these categories can cause toxicity, carcinogenicity and mutation, and are therefore potential health hazards (Barthelmess 1970).  Because of the wide variation in effectiveness of such compounds between species, it is necessary to have available a range of screening procedures using different test organisms.  Among the test organisms which have been used are bacteria, Drosophila and small mammals such as rats and mice (see for example, Section on environmental mutagenesis, Mutation Res. 53 : 1-54, 1978; Hanna and Dyer 1975, Cattenach 1976, and Khling 1967).  With the bacteria and Drosophila, testing involves fractionation of the food material when testing potential metabolites of the additive while animal screening procedures are extremely expensive.  However, none of the many different organisms and techniques that have been used to screen chemicals are completely satisfactory and it has been suggested that a multiple assay could be used (Heddle and Bruce 1977).  In addition these organisms are not suitable for stored products, e.g. flour and cereal products.  On the other hand, the flour beetle Tribolium castaneum can live on a wide range of stored food products, cereals, leguminous seed, etc. (Sokoloff 1972) which means that these test organisms could be used in its natural habitat.  Mutants with high susceptibility to mutagenesis are readily isolated (Soliman 1974, 1976) and induction of dominant lethals is easily calculated.  Two mutants, i.e. pygmy and black which are available in our laboratory could also be used.  In addition, it has been shown that the flour beetles can detect nutritional differences in the food (Loschiavo et al. 1969 and Metcalfe et al. 1972) which anticipate the response of chickens fed the same cereal.  Because of its discrete life stages which are easily separable from the medium, the period of larval development can be measured precisely, and growth rate can be used as in indicator of food quality.  Even when the beetles were given a free choice, the nutritive value of food was the dominant factor in attracting insects (Loschiavo 1952; Soliman and Hay 1978).  This indicates the suitability of the flour beetles for behavioral toxicology (see V5, pp 145- and 167-, January 1979.  J. Toxicology and Environmental Health) in addition to physiological, biochemical (Baker et al. 1978) and genetic toxicology.
METHODS AND TECHNIQUES TO BE USED

The technique would involve following fertility and the occurrence of morphological abnormalities at different developmental stages up to the adult, while the organism is growing from a fixed Inoculum on the treated foodstuff.  Observations would extend over several generations.  Controls would consist of parallel observations during development on the untreated food material and on a standard diet.


It is proposed to test a range of compounds (e.g. Polycyclic hydrocarbons, dyestuffs, purine and pyrimidine analogues etc.) which are known to be mutagenic and / or carcinogenic in higher organisms, to assess the reliability of this type of assay in detecting such compounds and to examine the correlation with activity in higher organisms.  The testing would be done both with wild strains of T. castaneum and a strain selected for high mutation rate and fast development time (Soliman, 1973, 1976).  In the case of the two mutants (pygmy and black) the rates of back and foreward mutations could be calculate after treatment of the heterozygotes and the homozygotes.


Once established the Tribolium technique could be applied to a wide range of insecticides, herbicides and food additives and also to pharmaceuticals.  Materials giving positive responses in the T. castaneum system could later be fractionated for testing by the bacterial system and effective products characterized and tested at appropriate concentrations in a small animal system.  A possible ‘spin-off’ of this may be the discovery of materials harmful to T. castaneum development but ineffective in mammalian systems.  Such compounds would be of great interest in the control of the flour beetle, which is an important cause of stored grain losses.
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* The Effect of Single and Fractionated Doses of X-irradiation of Pupae of the wild and Pygmy Mutant Strains of Tribolium castaneum.

INTRODUCTION


This is preliminary investigation on X-irradiation sensitivity and efficiency of repair as influenced by differences in body size of the wild type and pygmy strains of T. castaneum with the same genetic background.  The criteria of sensitivity used were length of pupal period and percent of adult surviving two weeks after irradiation.
Radiation sensitivity varies with age within each developmental stage, so meaningful results can only be obtained if all individuals are treated at the same age.  To this end, all individuals were treated on the second day after pupation.  All irradiated pupae received a total dose of 10KR.  Soliman (1973) found exposure of second day pupae to this dose resulted in an overall mean of 28.48% adult emergence, though there was a wide variation between populations.  Erdman (1968) found the minimum lethal dose for T. castaneum pupae to vary from 6 KR to 15 KR, depending on age.  From these results is appeared that 10 KR would be a high enough dose to affect the parameters involved, but low enough to permit a significant proportion to survive, at least until the adult stage.
METHOD


Pupae with known developmental time were obtained from a culture maintained at 300c.  One day after collection, the pupae were divided into three groups, one group receiving no treatment, another group receiving a single 10 KR dose of radiation and the third group receiving two 5 KR doses separated by 6 hours.  All pupae and adults were maintained at 300c.


Treatment was given with a Picker-Andrex X-ray machine, Model 1652.  It was set at 4 mA and 150 KVp, and dose rate was 500 R/min.  Following treatment, pupae were examined daily for eclosion.  Living adults were placed in fresh medium and their survival checked daily.  Since most death occurred within 14 days of treatment, those beetles alive at this time were classed as survivors and no further examination was carried out.

RESULTS


Table 1 shows that the wild strain had a longer development time than the pygmy.  The difference was found to be highly significant (t = 4.607, P < 0.001).


A comparison of pupal periods (Table 2) showed that without irradiation, the wild strain had a significantly longer pupal period than the pygmy strain.  After either irradiation treatment, the wild strain still have a longer pupal period than the pygmy strain, but this was not statistically significant.  For the wild strain, either treatment significantly delayed eclosion (compared to the control), but there was no significant difference in pupal period between radiation treatments (Table 2).  For the pygmy strain, an apparent delay in eclosion following irradiation was not statistically significant.

Irradiation of either strain reduced percent survival, the single dose to a greater extent than the split dose (Table 3).  For any treatment, the pygmy strain had a higher percent survival than the wild strain.

DISCUSSION

It must be remembered that the small sample size for the pygmy treatments (due to the low productivity of that strain) limits the reliability of the results obtained.  At 300c when not treated with radiation, the wild strain apparently had a slower rate of development and a longer pupal period than the pygmy strain.  Pupae of the wild strain appeared to be more sensitive than those of the pygmy strain in terms of delay in eclosion and percent survival.  Mutant strains are generally less resistant to the effects of irradiation (Ducoff et al. 1971; Erdman 1973; Glenn and Ducoff 1976).  Thus this higher resistance of the pygmy strain may reflect a “target size” effect.


Dose fractionation has been found to significantly reduce both the lethal and sub-lethal effects of X-irradiation by facilitating repair (Ducoff et al. 1969; Yang and Scaher 1969; Yang and Ducoff 1971).  In this study, splitting the dose affect pupal period of only the wild strain.  However, it markedly reduce induction of death, perhaps to a slightly greater extent for the pygmy strain, suggesting a more effectie repair mechanism.  Alternatively, there may be less damage needing repair.
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TABLE 1:  Time from Egg to Pupation (days) at 300c
	
	Wild
	Pygmy

	N
	818
	

	x
	39.7
	36.3

	cv (%)
	14.4
	16.6


TABLE 2:   Pupal Period (days) after Exposure to Single or Split Doses of X-irradiation at 300c
	
	Wild
	Pygmy

	
	0
	5 + 5KR
	10KR
	0
	5 + 5KR
	10KR

	N
	231
	226
	261
	10
	17
	23

	x
	3.0 abc
	6.3 a
	6.4 b
	5.5 c
	6.1
	6.0

	cv (%)
	12.5
	20.0
	20.7
	15.5
	22.1
	20.1


Any two means having the same letter are significantly different from each other by student t-test; a at 0.01, b at 0.001, and c at 0.05 level of probability.

TABLE 3.  Survival (%) of Adults Two Weeks After Pupal Exposure to Single and split Doses of X-irradiation at 300c

	Strain
	Dose

	
	0
	5 + 5KR
	10KR

	Wild
	97.4
	42.5
	34.9

	Pygmy
	100
	52.9
	40.9
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* Effect of Dose Fractionation and Temperature on Adult Wild and Pygmy Mutant Strains of T. castaneum
INTRODUCTION


The effect of single and split doses, with varying interfraction interval and ose fractions, on adults of a wild type strain and pygmy mutant (with the same genetic background) of T. castaneum at two temperatures was examined.  In addition, the time course of mortality following each treatment was investigated.


Radiation-induced mortality follows quite a distinct time pattern.  After irradiation at 300c, there is a latent period of about 10 days when few deaths occur.  This is followed by the period of mortality (also lasting about 10 days) when most radiation-induced death occur (Ducoff and Bosma 1967; Ducoff et al. 1971, Glenn and Ducoff 1976).  This pattern is independent of dose, dose rate, and type of radiation, though there are variations due to species, strain and temperature.

Low temperatures delay the onset mortality and may prolong the mortality period (Ducoff and Bosma 1967).  Similarly, the low temperatures slow the rate of repair (Yang and Ducoff 1971).  This temperature effect is due to the fact that both death and recovery involve a series of metabolic processes.  Exposure to low temperatures (220c compared to 300c) for a short time (e.g. one day) before, or a long time (e.g. 100 days) after a single dose of radiation has been found to reduce percent survival of T. castaneum larvae (Yang and Ducoff 1971) and T. confusum adults.


By splitting a lethal dose, a considerably higher percent survival can be achieved.  The magnitude of this change is partly determined by the length of the interfraction period, because rate of recovery (following irradiation) varies with time (Ducoff et al. 1969, 1971b; Yang and Ducoff 1971).

Similarly, by varying the interfraction period, the rates of repair at different times after irradiation can be investigated.  In general, (at 300c), as interfraction interval is increased, the amount of recovery increases rapidly, and a maximum recovery occurs when interfraction interval is three hours.  At intervals longer than 3 hrs, the amount of recovery falls again [possibly due to a radio-sensitive phase of cell mitosis (Yang and Sacher 1969)] and is at a minimum a few hours after the maximum.  As interval is increased beyond 3 hrs, recovery increases slowly but steadily (Ducoff et al 1969, 1971a; Yang and Ducoff 1971).  This pattern also applies to repair of sub-lethal damage (Yang and Sacher 1969; Yang et al 1970).

METHODS

As in the previous note, beetles were cultured in the standard medium, but were incubated at 250c or 330c.  For all treatments total dose was 10KR, which was given as a single dose, or as two equal doses separately by 2, 4 or 6 hours, or as 4 equal doses at two-hourly intervals.  Irradiation details are as before.  All beetles were returned to the incubator between treatments and kept without food over the 6 hour treatment period.

Sample size at 330c was 50 beetles per strain per treatment.  At 250c groups contained 30 and 40 beetles for pygmy and wild strains respectively.  The samples contained randomly mixed sexes and at the time of treatment the beetles were approximately one moth old.
TABLE 1:  Adult Survival (%) After 47 (at 330c) or 51 (at 250c) Days

	Treatment
	Wild
	Pygmy

	
	250c
	330c
	250c
	330c

	Number of beetles
	40
	50
	30
	50

	Single dose of 10KR
	72.5
	32.0
	46.67
	48.0

	Two doses of 5KR, separated by 2 hours
	97.5
	76.0
	93.33
	52.0

	Two doses of 5KR, separated by 4 hours
	97.5
	56.0
	89.67
	42.0

	Two doses of 5KR, separated by 6 hours
	97.5
	78.0
	89.67
	24.0

	Four doses of 2.5KR, with 2 hour intervals
	85.0
	90.0
	93.33
	74.0


RESULTS

Percent survival after all treatments at both temperatures is given in Table 1.  In terms of percent survival, the pygmy strain was less resistant than the wild strain.  Generally, survival was lower at 330c than at 250c, and temperature appeared to have stronger effect on the pygmy strain.  For the wild strain at both temperatures, and the pygmy strain at 250c, the single dose caused greater mortality than any other treatment.  At 330c, multiple doses of radiation resulted in the lowest mortality.  At 250c, the highest survival of pygmy was observed after either two split doses separated by two hours or multiple doses.  A slightly lower survival was obtained when a 4 or 6 hour interval was used.  For the wild strain at 250c, multiple dose treatment caused greater mortality than any split dose treatment.


Figure 1 shows the effect of the length of interfraction period on percent survival.  A single dose was more lethal than a split dose.  Regardless of strain orr temperature, an interfraction period of two hours caused the lowest mortality.  For the wild strain, increasing interfraction time (from 2-6 hours) had no effect on survival at 250c.  At 330c, the characteristic recovery peak and following minimum in recovery were indicated, though more points are needed to fully characterize the recovery curve.  Results with the pygmy strain were less distinct.  At 250c, considerable recovery occurred in the first two hours following the initial dose, but increasing interfraction period (by 2 or 4 hours) slightly decreased survival. By contrast, at 330c, increasing interfraction interval from 0 to 2 hours slightly increased survival of the pygmy strain.  As interval is increased above this, survival fell considerably.

Figure 2 and 3 show the time course of mortality following the various radiation treatments.  These patterns of lethality follow the expected trends. At lower temperature, the latent period was much longer and the mortality period slightly longer than at the higher temperature.  The latent period of the pygmy strain appeared to be slightly shorter than that of the wild strain.

DISCUSSION


The results indicate that the wild strain of T. castaneum is generally more tolerant to the lethal effects of x-irradiation than the pygmy mutant.  This may be related to the lower heterozygosity of mutant strains, as put forward by Erdman (1973) which, he suggests, may reduce their ability to cope with environmental stress.


In the wild strain, survival following a single dose was higher at 250c than at 330c.  This is different from the trends found by other workers.  However, in this study, beetles were kept at 250c all their lives.  Perhaps because of their adaptation to this temperature they were not affected by low temperature s as those raised at higher temperature and only transferred to the low temperature at, or shortly before, irradiation.  However, pygmy strain (single dose) survival at 330c was slightly higher than at 250c.

In the case of the split dose treatments, the high survival at 250c might be related to the effect of temperature on the recovery rate.  Yand and Ducoff (1971) obtained similar results with T. castaneum larvae.


The time courses of mortality observed in this study are similar to those described in the literature.  It is interesting to note that death after split doses of radiation follows the same pattern of mortality as death due to a single dose.  However, this is to be expected since neither dose nor dose rate of single doses affect time course of mortality.  The influence of temperature on the length of latent and lethality periods is similar to that found by Ducoff and Bosma (1967)

The dose fractionation treatment showed that for the wild strain at 330c the recovery maximum occurred at about two hours and the minimum at four hours.  However, these times could not be determined with great accuracy because of the small number of interfraction intervals used.  At 250c, the recovery peak is expected to occur later than at 330c, since repair, which is thought to involve a series of metabolic processes is slowed by low temperature s (Yang and Ducoff, 1971).  However, in this case, it was observed at two hours.  No recovery minimum was apparent at the lower temperature.  This may be because the maximum interfraction period used here was too short : Yang and Ducoff (1971) found at 220c the recovery minimum occurred ten hours after treatment (though the maximum was also delayed, occurring at six hours).


Likewise, the pygmy strain showed no marked recovery minimum at 250c.  Their recovery pattern at 330c had a slight maximum of recovery at two hours.  By four hours, recovery was considerably lower and the lowest survival resulted after an interfraction period of six hours.  Unfortunately, a longer interfraction period was not used.


It has been found that the greater the number of dose fractions used, the greater the resulting percent survival at 300c (Ducoff et al, 1971b) and at an unspecified temperature (Ducoff et al, 1969).  In the present study, this applied to both strains when incubated at 330c, but not when the temperature was 250c.  Since the two hour interval is so effective at 330c, a longer interval may be needed at 250c to allow time for an equivalent amount of repair.  This is further suggested by the fact that at 250c percent survival of the pygmy strain after a split dose (within a two hour interval) equals that after a multiple dose.
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Figure 1 :   The influence of length of interfraction interval on percent survival at two temperatures (250c and 330c).
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Figure 2 :   Time course of mortality at 250c of adult T. castaneum (of the wild and pygmy mutant strains) exposed to 10KR, delivered as : A – single dose; B – two equal doses separated by 2 hours; C – two equal doses separated by 4 hours; D – two equal doses separated by 6 hours; E - four equal doses at intervals of 2 hours.
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Figure 3 :  Time course of mortality at 330c of adult T. castaneum (of the wild and pygmy mutant strains) exposed to 10KR, delivered as : A – single dose; B – two equal doses separated by 2 hours; C – two equal doses separated by 4 hours; D – two equal doses separated by 6 hours; E - four equal doses at intervals of 2 hours.
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* Some factors influencing the longevity of Tribolium castaneum (Herbst) and T. confusum J. du V.

There are discrepancies between the observations of different workers on the longevities of Tribolium spp., especially between the relative longevities of the sexes.  Howerver, SOLIMAN (1977) found that T. audax males lived longer than females when kept individually or in single sex pairs but for shorter periods than females when kept in single sex groups of 4 or more.


Experiments to determine the longevities of T. castaneum and T. confusum were conducted at 300c and 70% rh on a 12 : 1 (by volume) mixture of flour and yeast, in dishes (3 x 5 cm dia).  Adults, 0-4 days old, which had been kept in single sex groups from the pupal stage, were placed in experimental groups of one sex or equal number of both.  The insects were examined every 3 and 4 days, when dead adults were removed and the live ones provided with fresh food.  The sex of each dead adult was confirmed.

In mixed populations, females survived slighted longer than the males but in single sex populations the difference in longevity was much greater.  Whereas the unmated females lived a few weeks longer, the males in single sex groups lived less than half as long as those in mixed groups.


As T. castaneum adults often eat their own eggs in laboratory conditions, the absence of eggs in male only groups may deprive them of a significant source of food or water.  Therefore, the longevity of males in single sex groups was investigated when eggs were supplied in numbers equivalent to those which would have been available in a mixed population of the same size.  Also examined was the longevity of two batches of males in which each individual was kept singly in a small tube.  Half of these males received a diet supplement of eggs and half did not.

The lifespan of the grouped males was again very short and in the same order as in the previous experiment.  The presence of eggs did not enhance survival.  Isolated males lived considerably longer, whether or not eggs were present, and their longevity exceeded that of males in groups of mixed sex.

The early death of males in single sex populations may be a consequence of homosexual mating.  As TAYLOR and SOKOLOFF (1971) pointed out, males or these Tribolium species will attempt to mate with other males, dead beetles and individuals of other species.  WOOL (1967) observing two strains of T. castaneum found that about one-third of the mating attempts were homosexual and TAYLOR and SOKOLOFF (1971) claimed that sex starvation usually increased the frequency of copulation attempts of isolated males.


During this work the incidence of sexual mounting in all male populations was very much greater than that in mixed populations.  An individual was often seen to leave on the tip of the abdomen of another a globule of viscous, translucent substance, probably accessory or seminal fluid.  PARK (1934) described the seminal fluid in Tribolium as a mucous-like, slightly milky secretion and TAYLOR and SOKOLOFF (1971) reported that the secretion from the aedeagus seemed to solidify on contract with air.


Particles of the food medium were picked up by the fluid which quickly dried to form a solid mass.  This secretion may be presumed to enlarge and eventually cause death, as the plugs formed on live males were always smaller than those found on dead ones and every dead male bore a plug large enough to block the anus.


No plugs have been found on male members of mixed populations possibly because sufficient females are present to minimize the number of homosexual attempts and the external release of seminal fluid.


Similar deposits have been found on females from predominantly male populations.  HOWE (1962) found, whilst working with T. castaneum, that some of the female members of pairs bore blockages at the tips of the abdomens.  It seems likely that blockages can result from faulty mating attempts which occur when female refuse repeated demands to copulate.  Females must co-operate before intromission by relaxing the seventy sternite (TAYLOR and SOKOLOFF 1971).


The plugs were usually associated with early death and the longevity of males seems to be influenced greatly by the degree of homosexual activity which has taken place as well as by the genotype and handling techniques.  Thus the variation between the reported lengths of life in Tribolium spp can be largely explained.  GOOD (1936) and HOWE (1962) used male / female pairs, PEARL, PARK and MINER (1941) used single sex populations and SPRATT (1975) used a mixed population with a 1 : 1 sex ratio.
TABLE 1  Longevities of T. castaneum and T. confusum in weeks
	
	Initial size of groups
	n
	mean + SE
	Median
	longest

	
	males
	females
	
	
	
	

	T. castaneum

	males, females present
	50
	50
	50
	38.3 + 1.66
	38
	69

	
	50
	50
	49
	39.7 + 2.25
	40
	72

	
	25
	25
	23
	39.7 + 2.90
	41
	62

	males only
	52
	
	52
	14.0 + 1.03
	16
	35

	
	50
	
	50
	17.2 + 1.53
	13
	45

	
	30
	
	30
	18.8 + 2.34
	13
	53

	females, males present
	50
	50
	49
	40.1 + 1.52
	40
	65

	
	50
	50
	50
	42.0 + 1.91
	42
	72

	
	25
	25
	23
	44.0 + 2.34
	45
	60

	females only
	
	34
	34
	50.0 + 2.54
	52
	77

	
	
	50
	50
	46.3 + 2.02
	47
	69

	
	
	38
	38
	48.3 + 2.19
	46
	75

	males only (+ eggs)
	25
	
	25
	14.6 + 1.61
	13
	42

	males single (+ eggs)
	1
	
	24
	52.0 + 4.68
	47
	94

	males single
	1
	
	24
	52.2 + 4.11
	53
	80

	T. confusum

	males, females present
	24
	30
	24
	26.3 + 1.70
	27
	44

	
	25
	25
	25
	22.6 + 1.56
	22
	36

	males only
	50
	
	49
	12.6 + 0.82
	13
	29

	
	33
	
	33
	19.9 + 2.01
	17
	38

	females, males present
	24
	30
	30
	29.4 + 2.47
	25
	55

	
	25
	25
	25
	30.1 + 2.96
	28
	66

	females only
	
	52
	52
	36.1 + 2.22
	34
	76

	
	
	33
	33
	37.6 + 2.94
	30
	70
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Fig. 1.  T. castaneum adults with blockages at the tips of the abdomens.
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* Maternal effects and heritability estimation of pupa weight in Tribolium castaneum

Six populations of T. castaneum were collected in granaries in Southern Spain.  Their names are those of the localities where the collections were made.  Initial sample sizes were 100 inseminated females per population.  Each population was maintained by 100 single-pair random matings, each family constributing one male and one female offspring to be parents of the next generation.  Generation 0 corresponds to that of the offspring of the females captured.


The trait scored was 21-day female pupa weight.  Three and six female pupa per family were weighted in generations 0 and 1, respectively.  Pupa weight of the male parents of generation 1 was also scored.  Heritabilities were estimated in generation 0 by full-sister correlation analysis (h2s) and in generation 1 by daughter-dam (h2ds) regression.

Four generations of divergent selection for female pupa weight were practiced in each population starting from generation 0.  The best five females out of 50 scored were selected in each generation and for each direction of selection.  Male parents were randomly taken from the offspring of the selected females, each family contributing one male parent to the next generation.  Realized heritabilities (h2r) were estimated by the regression of cumulative selection differential.

The heritability estimates obtained by the three methods and their standard errors are listed in Table 1.  Daughter-dam estimates were always larger than daughter-sire estimates, although not all these differences were statistically significant.  This phenomenon has been previously reported by Enfield et al. (1966) and attributed to the presence of non-genetic maternal effects.  Pooled regression estimates did not differ significantly from full sister estimates, indicating that the relative importance of the dominance component of variance is small for pupa weight.  This is also in agreement with the results reported by Enfield (1977).  Realized heritability estimates were closer to those obtained by daughter-sire regression, suggesting that the discrepancies found between other heritability estimates are due to the presence of maternal effects for pupa weight.  This should be taken into account when predicting responses to selection.
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On the biology of Oedionychina (Chrysomelidae, Alticinae).


One of the most recent beetle groups, the pantropical subtribe Oedionychina, of the fleabeetles, has experienced a rapid process of speciation in the Tertiary South America.  The subtribe tends to associate with the recent plant family Verbenaceae.  Apart from this, and from such fabulae that the larvae might be intestinal parasites of man (1) (Nevermann 1933), little is known of the biology of these beetles.


Of the estimated 2000 contemporary species of Neotropical Oedionychina, only three occur with certainty in Puerto Rico.  Alagoasa (=Oedionychus) bicolor (L.) and omophoita cyanipennis F. have one foodplant in common, the Verbenacean shrub Clerodendron aculeatun Schlecht.  Both observations in field (Virkki 1979 b) and experiments in laboratory (Virkki 1979 c) point to a marked difference in the ethology of these species.  A. bicolor, a sedentary, little irritable species, occupies preferably tips of the branches where new leaves form and are eaten.  O. cyanipennis is an alert, vagile species that performs daily vertical and seasonal horizontal migrations between the main foodplants, the high, well ventilated C. aculeatum, and a low Verbenacean herb, Phyla nodiflora (L.).  The movements might be triggered by variations in relative humidity.  Nightly roosting occurs almost on any plant rising from the low Phyla vegetation, and has caused the wrong impression that the species is a general feeder (Wolcott 1948).  Actually, it is an oligophag feeding on C. aculeatum, Phyla supp., and Jussiaea supp. (Onagraceae).  As espically P. nodiflora has a wide range in coastal areas of Puerto Rico, Jussiaea occurring along rivers and other moist sites all over the island, the potential range of O. cyanipennis seems quite wide.  In reality, only moistest habitats at water edge and in inundable marshlands are occupied.

C. aculeatum has a rather discontinuous distribution in the coasts of Puerto Rico.  Thus A. bicolor is confined to small, isolated demes that are further reduced by a discontinuous infestation pattern within each of the C. aculeatum growths.  Such a pattern might result from the frequent destruction by man, and subsequent recovery, of the Clerodendrum vegetation, and from the rather reduced vagility of the beetle.  Palatability differences between different C. aculeatum bushes are also possible.
A. bicolor has another native foodplant which grows on the acid Almirante clays between the calcareous “haystack” mountains of the Puerto Rican karst region (Virkki 1979 a).  The range of this Verbenacean shrub, Aegiphila martinicensis Jacq., is curbed by agriculture, resulting in isolated growths and thus in isolation of A. bicolor demes infesting them.  The infestation pattern within A. martinicensis  growths is continuous.  The ranges of the two foodplants do not overlap.

Such a population biology, together with one-half of the karyotype length (= sex chromosomes) being exempt of crossing over (Smith and Virkki 1978), should facilitate speciation.  Food preference tests show that both Aegiphila- and Clerodendrum- associated demes prefer accustomed foodplant, although they accept also the strange one.  Different demes show significant differences in body dimensions (Virkki and Zambrana 1979). There is no copulation barrier between allodemic sexes.

A. bicolor has in average 9.85 ovarioles per ovarium, O. cyanipennis 16.15 (Virkki 1979 a).  As the eggs mature simultaneously in all ovarioles of these ovarium, the latter species lays 1.7 times more eggs per oviposition than the former one.


The least observed species, Omophoita albicollis F., feeds in Puerto Rico on Heliotropium indicum L., a Borraginacean herb introduced from the Old World (Martorell 1976).  In the nearby Mona Island, it feeds on Stachytarpheta jamaicensis (L.), a Verbenacean herb.

Omophoita albicollis has the widest distribution among the three species.  It extends from Brazil via Guyana and the Lesser Antilles to the Dominican Republic and Gran Cayman (Blackwelder 1948), but Alagoasa bicolor is probably restricted to Puerto Rico and Virgin Islands.  Aggregation of nuclear pores to “sieves” in the spermatocytes I of Alagoasa (Oedionychus) suggests that it might be phylogenetically moer recent than Omophoita (Virkki and Kimura 1978).
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* Productivity of X-irradiated T. confusum adults.


The data reported here were collected in an attempt to use X-irradiation to induce mutations in Tribolium.  No mutations were observed, but irradiation was very effective in reducing productivity.

Materials and Methods

A wild-type strain of T. confusum was used in the study.  Pupae were collected from stock jars, separated by sex and maintained separately in vials as adults for 1-2 weeks.  They were then X-irradiated in groups of 10, for 1, 2 or 4 minutes, giving doses of 835 R, 1670 R and 3340 R, respectively, and returned to the vials.  Two weeks or more later, they were paired for mating and oviposition in vials with approx. 5 g of standard medium (Flour and Brewer’s yeast in the ratio 100 : 5) for one week, after which the adults were removed.  A control of non-irradiated beetles was similarly treated.  Productivity was defined as the number of offspring per pair.
Results and discussion

There was no mortality of the irradiated adults in the 2-3 weeks following the treatment including the oviposition period.  Thus the doses of irradiation were not lethal to the adults.

The effect of irradiation was to decrease the mean productivity and increase among-pairs variance in productivity (see Table 1).  The effect clearly depended on the dose, as could be expected.  Only females were treated in the 3340 R dose (and mated to non-irradiated males) but this group had the lowest productivity and the highest variance among pairs.  The number of pairs which left no offspring also increased with the dose, although the differences were not significant statistically (t test for equality of proportions, Sokal and Rohlf 1969).
Erdman (1970) reported a decrease in productivity in 4 strains of Tribolium following X-irradiation.  In a later study on sensitivity to gamma-radiation, he reported that 2620 R was a sterilizing dose for females, and that females were more sensitive to irradiation than males.  (Erdman 1974).  The present results are in agreement with Erdmann’s as to the fact that irradiation- apparently, especially of remales- (see the 3340 R dose in the table) does reduce productivity, but our T. confusum strain seems to be less sensitive to X-irradiation than Erdman’s, since even a dose of 3340 R only sterilized 4 of 9 females.

Table 1.  Productivity of control and irradiated beetles
	Treatment
	# Pairs
	Mean # of offspring
	Coefficient of variation %
	# of sterile pairs

	Control
	8
	20.2
	40
	0

	835 R
	9
	13.4
	73
	1

	1670 R
	15
	4.3
	102
	3

	3340 R (♀)

♂ not irradiated
	9
	2.0
	127
	4
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Dominance relationships between high and low responsiveness of egg production in the flour beetle, Tribolium castaneum.


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

As changes in conditions of animal husbandry or crop cultivation are inevitable, any selection program for a particular trait should take into consideration not only the mean performance under a given set of conditions, but also the sensitivity of that trait to possible changes in the environment.  For this purpose a knowledge of the genetic system responsible for the sensitivity should be of much help.  The present communication is a step in this direction, by contributing to the knowledge of the genetic basis of the sensitivity (responsiveness) of egg production to conditioned media in the flour beetle, Tribolium castaneum (Herbst).

In a previous publication (Lavie et al., 1978) we presented the results of a selection program for high and low responsiveness, carried out in representatives of three wild populations of T. castaneum in Israel (Jaffa, Rehovot and Beer-Sheba).  In each population two selection lines were established – LR (Low responsiveness) and HR (High responsiveness).  Separation between the lines was achieved in one generation of selection.  The sensitivity of egg production was measured by comparing the net fecundity of virgin females in three types of flour (fresh, mildly-conditioned and highly-conditioned), and the responsiveness was defined as β’, the linear regression coefficient of the genotype x environment interaction on the major environmental factor (in our case – the level of conditioning), corrected for scale effects (Moav and Wohlfarth, 1974).  The use of β’ as a measure of responsiveness reduces, to a large extent, the possibility that the response to selection for high or low sensitivity was achieved by inadvertent selection for high and low mean performances.

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

3. ♀ HR x LR ♂

4. ♀ HR x HR ♂


The responsiveness of the progeny of the various crosses was determined by measuring the net fecundity of virgin daughters of these crosses in the 3 types of flour mentioned above, and calculating, for each female, β’.


The results of the various crosses are given in Table 1.  The dominance relationships between HR and LR can be determined by comparing, within each population, the β’ values of the progeny of matings between the lines with those of the progeny of matings within the lines.  In all 3 populations the mean of the daughters of the ♀ HR x LR ♂ cross was equal to or higher than the corresponding value of the HR x HR cross.  This consistency of results, however, was not shared by the daughters of the reciprocal crosses, ♀ LR x HR ♂ : In the Jaffa population the daughters of this cross showed a much higher value of β’ than those of the HR x HR corss, in the Rehovot population they showed a lower value than in the LR x LR line, and in the Beer-Sheba population the β’ value was intermediate between the values of the daughters of HR x HR and LR x LR.


Overall the results suggest dominance of high responsiveness of egg production of T. castaneum (high sensitivity) over low responsiveness.  This implied dominance is in line with the findings of Perkins and Jinks (1971) about the dominance of the sensitivity of the final height of Nicotiana rustica to environmental variation, and of Connolly and Jinks (1975) about the dominance of the sensitivity of the growth rate of Schizophyllum commune to temperature.

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

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

(♀ x ♂)
	number of daughters tested
	A
	B
	C
	β’

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

	
	LR x HR
	39
	3.43 + 0.14
	1.80 + 0.14
	1.20 + 0.12
	- 0.212 + 0.06

	
	HR x LR
	49
	3.22 + 0.22
	2.02 + 0.14
	1.67 + 0.14
	- 0.517 + 0.07

	
	HR x HR
	8
	2.11 + 0.36
	1.62 + 0.28
	0.88 + 0.27
	- 0.547 + 0.10

	Beer-Sheba
	LR x LR
	22
	4.32 + 0.29
	2.41 + 0.24
	2.55 + 0.24
	- 0.214 + 0.08

	
	LR x HR
	42
	4.19 + 0.25
	2.24 + 0.21
	1.65 + 0.12
	- 0.007 + 0.05

	
	HR x LR
	37
	3.34 + 0.20
	1.61 + 0.15
	1.45 + 0.12
	0.018 + 0.06

	
	HR x HR
	21
	2.07 + 0.20
	0.95 + 0.09
	0.85 + 0.09
	- 0.002 + 0.03

	Rehovot
	LR x LR
	15
	5.33 + 0.69
	4.05 + 0.46
	1.33 + 0.34
	0.012 + 0.08

	
	LR x HR
	66
	5.94 + 0.29
	4.68 + 0.31
	1.07 + 0.15
	- 0.051 + 0.04

	
	HR x LR
	57
	6.40 + 0.36
	4.92 + 0.25
	1.82 + 0.17
	0.123 + 0.03

	
	HR x HR
	13
	4.78 + 0.56
	3.85 + 0.45
	0.88 + 0.15
	0.086 + 0.05


