TRIBOLIUM INFORMATION BULLETIN
Number 32
July, 1992
Notes……………………………………………………………………………………… ii
Acknowledgements …………………………………………………………………….. iii
Stock Lists …………………………………………………………………………… 1-57
Research, Teaching and Technical Notes ………………………………………. 59-111
Respiratory metabolism of Tribolium castaneum Hbst. and T. confusum Duval in two phenotypic groups. Pawel Bijok ……………………………………. 61
Relationships among proteins in male accessory reproductive gland complexes of several Tribolium species as analyzed by an enzyme-linked immunoabsorbant assay (ELISA).  Lisa M. Clayton.  Fred Vander Jagt, Terry L. White and Karin A. Grimnes  ………………………………………. 68
Synergism of Datura Metel Linn. leaf and seed extractions with methacrffos on Tribolium castaneum (Hbst.) M. Khalequzzaman and M. Nurul Islam .. 72
Quinone secretions of flour beetles, Tribolium : Problems and prospects.  K.A.M.S.H. Mondal  ……………………………………………………….. 79
Dietary efficiency of common spices in Tribolium anaphe Hinton (Coleoptera : Tenebrionidae). A.M. Saleh Reza, Mahbub Hasan, S.M. Rahman and A.R. Khan  ………………………………………………………………………... 90
Histological and histochemical evidence for an additional cell type in the male accessory reproductive glands of Tribolium brevicornis (Coleoptera : Tenebrionidae).  Jeffrey D. Sevener, Nakeisha N. Dennard and  Karin A. Grimnes ……….…………………………………………………..……….. 93
Mitochondrial DNA restriction analyses in species of Tribolium.  A. Tous, J.A. Castro and C. Ramon ……………………………………………………. 96
Developmental rates of Tribolium species.  A. Sokoloff ...........................  103
Hybridization between T. castaneum and T. freemani – a possible exception.  Darice Henry-Ford and Alexander Sokoloff ………………………………... 104
Tribolium simulation of the effect of heat stress on laying hens performance.  Zhang Lao, Wang Xinmou, Lan Rong and Liu Wei ……………………... 106

The simulation of sire genetic evaluation using Tribolium castaneum for the comparison of two statistical methods.  Zhang Lao, Wang Xibin, Zhang Qineng, Wang Yachun and Liu Wei   …….……………………………... 107

The use of Fumigillin and bleach rinses to control Nosema infection in Tribolium.  Michael J. Wade  …………..….……………………………... 111

Notes-Research, Teaching and Technical
Pawel BIJOK

Laboratory of Ecophysiology of Invertebrates

Institute of Ecology, Polish Academy of Sciences,

Dziekanow Lesny (near Warsaw), 05-092 Lomianki, Poland

* RESIPATORY METABOLISM OF TRIBOLIUM CASTANEUM HBST. AND T. CONFUSUM DUVAL IN TWO PHENOTYPIC GROUPS.

INTRODUCTION

The bioenergetic and populations investigations of Tribolium beetles (Prus 1976 and Bijok 1986), as well as other store-product insects (Howe 1961), showed that individuals of the same populations can differ strongly in respect of the number of larval instars, development time and body weight.

Two clearly different phenotypic groups can be distinguished within populations of two allied species : Tribolium castaneum and T. confusum.  So called 6-inst individuals which develop faster but has lower weight and 7-instar ones which develop longer but their bodies become heavier.  The differences between phenotypic groups within both species are very similar to that which occurs between two species.  That differences are probably the effect of different life strategies accomplished by the species.


Further investigations were concerned with analyzing differences between 6- and 7-instar individuals as well as between the two Tribolium species in many life parameters, e.g. fecundity, weight and hatchability of eggs (Prus and Prus 1987, Prus et a. 1989), reproductive effort (Prus et al. 1988) and dependence between embryonic and postembryonic development (Bijok in press).


The penotypic diversity can be explained as the way of fitting the species to changeable environment and can be interpreted in terms of life-history theory (Imura 1990, Sibly and Calow 1989, Moller et al. 1989).


The purpose to perform the present investigation was to compare the two Tribolium species according to their level of metabolism and to find out whether the instar-group diversity affects this factor and has an influence on the way of energy management in individuals belonging to different phenotypic groups.

MATERIALS AND METHODS


Two strains of two species : cI – T. castaneum and bIV – T. confusum both from the group cf genetic strains, developed at the Chicago University (Park et al. 1961) were used in this investigation.


Cultures were kept in standard condition of 290c, 75% relative humidity, in culture medium consisting of 95% of wheat flour and 5% of baker’s yeast (by weight).  Before the experiments the culture medium was conditioned in incubators to obtain adequate temperature and humidity.


Newly hatched larvae (no more that two hours old) were placed in respiration chambers with an amount of 1g of culture medium.  On the 4-th day of life the respiration chambers were connected with constant pressure volumetric microrespirometers (Klekowski 1975). Chambers were darkened with pieces of aluminum foil to run respiration measurements in standard light conditions.  Second arms of respirometers were connected with compensation chambers, also filled with the same quantity of culture medium.  Respirometers were placed in water bath and after 1 hour of thermoadaptation measurements of oxygen uptake were run for about 5 hours.  Thereafter the chambers were disconnected from respirometers.  Animals were separated from medium by sifting through fine mesh, placed into chamber with a fresh portion of medium and left in incubator until the next respirometric session.  Oxygen consumption was examined every two days to the moment of eclosion.  Newly emerged pupae were weighed on CAHN electrobalance with 1 µg accuracy and their sex was determined according to methods described by Sokoloff (1972).  Newly eclosed adults were mated into pairs and placed together in chambers to let them develop their reproductive activity.  Males were separated from females and placed in other chambers only for the time of respiration measurements.  In order to separate the individuals correctly males were marked with nitrocellulose paint on their elytra after their eclosion.  After measurements eggs laid by female were separated from medium by sifting through a fine mesh and their number was determined.  Males and females were placed together back into chambers.  Oxygen consumption measurements of adult insects were run every 3 days – this is the standard period of reproduction assay for Tribolium (Park et al. 1961).  Distinguishing between 6- and 7-instar individuals was performed on the basis of weight and time of pupae emerging (Bijok 1989).
RESULTS AND DISCUSSION


The course of changes of respiration rate during development of two Tribolium species (Fig. 1) can be divided into three periods characteristic for holometabolic insects : 

1)  The period of fast increase of respiratory metabolism during larval. Development Oxygen consumption in the last phase of larval development exceeds value of 20 µl/h in T. castaneum and 25 µl/h in T. confusum

2)  Decrease of this value in pupae illustrated by U-shaped curve (Edwards 1953).  The value reaches its minimum generally in the middle of pupal stage – about 1 µl/h in T. castaneum and below 2 µl/h in T. confusum.

3)  An increase in young adult individuals which leads to more or less stable state at the level depending on sex and species.

[image: image1.emf]
Figure 1.  Oxygen consumption during development of two Tribolium species, their two phenotypic groups and sexes.

6, 7 – phenotypic groups

P – pupation

E - eclosion


A very characteristic phenomenon in the first period is a sudden decrease of respiration level in the middle of larval stage.  This decrease was observed in both species and in all phenotypic groups.  The minima referring to two phenotypic groups are displaced one from another in time by the period which corresponds to the differences between time of larval development of these groups.  It suggests that this phenomenon is not a chance caused for example by accidental change of culture conditions but is a regularity in development cycle of this species.  Similar phenomenon was observed in these species by Klekowski et. al. (1967) and Bijok (1989).  It may be a symptom of a temporary decline in larval development, the reason of which should be found in live-history of the species.

The relationship between body weight and oxygen consumption in growing larval (L-II – L-VII) is presented in form of points on log-log scale and regression lines of multiplicative type : QO2 = awb drawn on graphs (Fig. 2).  In T. castaneum we can conceivably see the difference in localization of points representing 6- and 7-instar individuals on graph.  Points of 6-instar individuals generally lay somehow above that representing 7-instar ones.  Regression lines are almost parallel but there is a apparent distance between them.  In T. confusum such a distinction is quite impossible and regression lines for 6- and 7-instar individuals are almost overlapping.


The parameters of regression lines of presented data are shown in Tab. I.  In all cases the correlation coefficient is high (over 0.95).  There are slight differences between species b-parameter (slope) of regression lines.  Such difference is not observed comparing data obtained by Klekowski et. al. (1967) and Bijok (1989).  The difference exists also between instar groups in T. castaneum : in 6-instar group the “b” – value (90.91) is higher than in 7-instar group (0.86).
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Figure 2 : Correlation between body weight and oxygen consumption in growing larvae of two Tribolium species and their two phenotypic groups.  Regression lines : dashed – 6-instar group, continuous – 7-instar group, □ – 6-instar indivs., + - 7-instar indivs.


The a-parameter (intercept) in regression equation is generally somehow higher than that presented in papers referenced above.  Nevertheless, the same tendency of higher “a” – value in T. castaneum than in T. confusum is observed.  Similar difference is observed between 6-instar group (25.60) and 7-instar group (19.90) of T. castaneum.  In T. confusum such difference is not apparent.

Table I – Correlation coefficient and parameters of regression equation of weight – respiration rate dependence : QO2 = awb in two phenotypic groups of T. castaneum and T. confusum

	Parameter
	T. castaneum
	T. confusum

	
	6
	7
	6
	7

	a
	25.60
	19.90
	14.93
	15.88

	b
	0.91
	0.86
	0.71
	0.78

	R
	0.99
	0.96
	0.95
	0.96



Adult life is characterized by very changeable level of respiratory metabolism in these species.  Oxygen consumption rises progressively since eclosion as reproductive activity increases.  The value reaches an average level which in females is more or less similar to that of older larvae but is about 3 times higher than that of adult males.  This is quite obvious because of high production of eggs by females which reaches during one day about 17-20% of their body weight (Bijok 1989).  Metabolism of particular individuals – especially females – shows high fluctuations which are present even when the data were averaged.  It may be a result of any incontinuities in activity of organisms, e.g. production processes.

To evaluate and compare the efficiency of energy management in adult reproducing females the mean oxygen consumption by a female calculated per one egg laid by it, was presented in Fig. 3.   The second half of presented period shows more stable results of the ratio than the first one which is a period of developing reproduction activity by newly eclosed females.  Judging from that second half of presented period we can find out that 6-instar females of T. castaneum require more oxygen (and so that energy) to produce one egg than 7-instar ones.  In T. confusum such difference is not observed.  The interspecies difference of this ratio is not evident either.
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Figure 3 – Oxygen consumption calculated per one lied egg in females of two Tribolium species and their two phenotypic groups.

                  T. castaneum 6-inst

                  T. castaneum 7-inst

                  T. confusum 6-inst

                  T. confusum 7-inst


Analysing the obtained results we can state that the described species differ in respect of resipatory metabolism.  The a-parameter of regression equation gives good evaluation of energy expenditure per biomass unit in an organism.  (the b-parameter gives rather an idea of type of dependence in the metabolism on body weight or surface – Zeuthen 1970).  Both these parameters are much high in T. castaneum.  It shows generally higher metabolic activity of this species and suggests less economic way of energy management than in T. confusum.  It supports the hypothesis about different life strategies represented by these two species.  Tending by T. castaneum to faster development and shortening of time necessary to begin reproduction gives prevalence in colonizing new habitats.  But is at the cost of less economic energy management what have its result in lower response to shortage of food or generally – deterioration of the habitat.  On the other hand, higher metabolism of this species improves its locomotoric activity which gives better change to migrate and find new habitats for colonization.  Dawson (1977) reported that T. castaneum can fly whereas in T. confusum this ability was not observed.

We deal in this case with a rather complex case of trade-off between some parameters of fitness.


We can find quite similar regularity observing two instar group of T. castaneum.  The 6-instar group shows higher metabolic activity both in immature stages (higher a-parameter of regression equation) and in reproduction period (higher O2 expenditure per production of egg) than the 7-instar group.  This also indicates a difference in energy management between groups of this species.  The phenotypic groups existing within T. castaneum species shows similar diversity as occurs between presented species what have obviously quite similar consequences in their responses to environmental factors.  It is a good support for the conception that the existence of two phenotypic groups makes the population fit better to changeable life conditions.
CONCLUSIONS
1.
In all examined species and phenotypic groups a decline in respiratory metabolism occurs in the middle of larval development.

2.
T. castaneum shows higher level of metabolism than T. confusum which in larval stage is indicated by a higher a-parameter of regression line of weight-respiration rate dependence : QO2 = awb, and in adult females by higher oxygen consumption per one laid egg.

3.
Similarly, in T. castaneum 6-instar individuals shows higher level of metabolism than 7-instar ones.

4.
In T. confusum such regularity is not observed.

5.
The observed differences indicates different ways of life strategy in the two species and support the conception that the existence of two phenotypic groups makes the population fit better to changeable life conditions.
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* Relationships Among Proteins in Male Accessory Reproductive Gland Complexes of Several Tribolium Species as Analyzed by an Enzyme-linked Immunoabsorbant Assay (ELISA)
Introduction


The development of monoclonal antibody (MoAb) technology has greatly extended the utility of antibodies in many areas of research.  However, the specificity of MoAbs (reactions against a single structural feature or epitope) remains their greatest limitation.  Possession of a shared epitope does not guarantee common identity or ancestry among proteins.  Even so, the power of MoAbs coupled with ELISA technology permits development of a rapid screening system to detect proteins worthy of further investigation.  We report the use of such and ELISA system to examine cross-reactivity among proteins of Tribolium reproductive accessory gland complexes.


Several authors have reported on the biochemical or structural similarities among reproductive accessory gland complexes within insects (Chen, 1984; Happ, 1984).  In beetles of the family Tenebrionidae, each species thus far examined appears to possess two pairs of paired accessory glands (Murad and Ahmad, 1977; Srivastava, 1953).  One pair is elongated, and relatively transparent (the tubular accessory glands or TAGs).  The second pair of glands appears opaque with an elongated epithelial layer of secretory cells, and its form is more variable among species.  The second gland has been identified as bean-shaped (BAG) in T. molitor (Happ, 1984), as pear-shared (PAG) in Tribolium brevicornis (O’Dell, et. al., 1990) or as rod-shaped (RAG) in Tribolium castaneum and Tribolium freemani (Rummel and Grimnes, 1991).


Despite structural similarities among the accessory reproductive glands of Tribolium species and T. molitor, questions of functional significance and protein relatedness remain.  In this study, a panel of monoclonal antibodies originally developed against the accessory glands of Tenebrio molitor was used to screen for epitopes common to the family Tenebrionidae.
Materials and Methods


In addition to Tenebrio molitor, three Tribolium species groups were studied : the castaneum group (T. castaneum, Tribolium madens), the confusum group (T. confusum, Tribolium anaphe) and the brevicornis group (T. brevicornis).  Stocks were obtained from Dr. Sokoloff (San Bernardino, Ca) and colonies were raised on a 19:1 mixture of whole wheat flour and Brewer’s yeast at a constant temperature of 320c.  Methods for Tenebrio rearing and spermatophore collection have been described elsewhere (Grimnes and Happ, 1986).


Reproductive complexes from male adult beetles were dissected in phosphate -buffered saline (PBS) and homogenized in ELISA coating butter at an approximate protein concentration of 1 µg/ml (Voller, et. al., 1979).  Entire complexes were not used for T. molitor; its larger size permitted individual gland analysis.


Homogenate binding occurred overhight at 40c in ELISA plates (Corning).  The primary antibody source was either supernatant fluid from hybridoma cultures or diluted as cites fluid.  The second antibody was peroxidase labeled anti-mouse IgG (obtained from Fisher Company).  All rinses contained 0.5% Tween 20.  After color development with ABTS, plate absorbances were read on a Molecular Devices Vmax microplate reader attached to a Macintosh computer.  Each assay was repeated at least three times.

Because background readings and absolute absorbance values differed between assays, all absorbances were expressed as the degree to which the response exceeded background (i.e. 2x, 4x, 6x, 8x and 10x or greater).  This allowed a direct comparison between any two species response to the same antibody.  A numerical estimate of cumulative differences (labeled a dissimilarity index) was generated by assigning each response difference of 2x between species a scope of 1 (or 4x = 2, 6x = 3, 8x = 4, 10x = 5).  By this system, responses similar in intensity were given low scores, higher scores indicate a difference in antibody binding at many wells.

Additional complexes from T. confusum, T. madens and T. anaphe were dissected and stained with 0.3% Oil Red O (ORO) in 70% ethanol and subsequently destained and stored in 30% ethanol for detection of lipid-containing cells and comparison of general morphological features.

Results and Discussion


The accessory gland complexes of T. confusum, T. madens and T. anaphe were basically similar to both T. castaneum and T. confusum, and therefore follow the pattern characteristic of the genus.  Accordingly, the opaque accessory glands of these species are identified as rod-shaped accessory glands (RAGs).


A total of 27 monoclonal antibodies were screened to compare cross-reactivity among the five Tribolium species and T. molitor accessory gland proteins.  Although 15 of 27 MoAbs reacted (to some degree) with each species tested, the combination of reacting antibodies was not always the same.  Dissimilarity indices for the Tribolium species and the tissues of T. molitor are presented in Table 1.  the data indicate that the Tribolium accessory gland complex shares more cross-reactive epitopes with the bean-shaped accessory gland of T. molitor than with the product of the BAG, the spermatophore.  Cross-reactivity with TAG proteins appeared moderate.  Species traditionally placed together in the same species – group possessed similar indices when compared to T. molitor.


Dissimilarity indices generated by all pair-wise comparisons of the five Tribolium species in the study are displayed in Figure 1.  As indicated by the higher values, T. brevicornis remains distinct from the other species, a position often ascribed to it on traditional characteristics (Hinton, 1948).  In contrast to studies on total body soluble protein (Castro and Ramon, 1991) or electrophoretic enzyme analysis (Wool, 1982), data from this study indicate no close relationship between T. confusum and T. brevicornis, at least in terms of accessory gland proteins.

Although cross-reactivity sen with monoclonal antibodies is specific to the shared structural feature, the ELISA provides no data concerning the nature of the actual proteins bearing the epitope.  Preliminary immunohistochemical localization studies indicate at least one monoclonal antibody binds to the tubular accessory glands of both T. molitor and T. brevicornis.  Western immunoblot analysis is currently underway to determine the precise nature of cross-reactivity seen in the ELISAs reported here.
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Table 1.  Dissimilarity indices between Tribolium species accessory gland complexes and Tenebrio molitor tissues as determined by ELISA.
	Tribolium species
	Tenebrio molitor tissues

	
	TAG
	spermatophore
	BAG

	T. brevicornis
	28
	48
	38

	T. castaneum
	49
	60
	19

	T. madens
	48
	68
	22

	T. confusum
	54
	75
	28

	T. anaphe
	52
	70
	20


Figures 1.  Dissimilarity indices among species in the genes Tribolium as determined by ELISA
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Tribolium Int. Bull, California Univ.

M. Khalequzzaman1 and M. Nurul Islam
Crop Protection Laboratory

Department of Zoology

University of Rajshahi, Rajshahi – 6205

Bangladesh

# SYNERGISM OF DATUA METAL LINN. LEAF AND SEED EXTRACTIONS WITH METHACRIFOS ON TRIBOLIUM CASTANEUM (HBST.)

Derivatives of some plant have had temporary to restricted use in pest control, or have been considered items of regional interest (Saxena et al., 1983).  The chemistry and biological activity of these plants have recently been studied.  But even after a long history of pest control potential, these plants have not been fully utilized for insect control.  Renewed interest in botanical insect control agents is motivated by three major objectives : to encourage traditional use of simple formulations of locally available plant materials by farmers who cannot afford commercial insecticides; to identify sources of new botanical insecticides for commercial extraction; and to elucidate the chemical structure of active principles botanical insect control agents extracted on large scale may also be used to replace or supplement the activity of existing synthetic insecticides against refractory pests.
Datura Linn. (Solanaceae), a genus of herbaceous plant regarded as being highly poisonous, and from the remotest antiquity, have been used both medicinally and criminally.  This promising attribute led to evaluate the potential use of D. metel leaf and seed extractions with insecticide combinedly treated on Tribolium castaneum (Hbst.).

The standard strain of T. castaneum FSS-II was collected from the Crop Protection Laboratory, Department of Agricultural and Environmental Science, University of Newcaste upon Tyne, England.  The strain was reared and cultured in the Department of Zoology, Rajshahi University.
The leaves and seeds of white Dhutura Plant, D. Metal collected and dried in an oven at 600c for 36 hours and were powdered in a mortar and pestle separately. Extraction of the leaves and seeds were done in a Soxhlet and extractions were done serially with petroleum spirit, ethyl acetate, acetone and methanol.  Thus four extraction from leaf and other four from seeds were obtained.  The extracted liquid was dried in a Rotary Vacuum Evaporator and then weighed and again dissolved in the same solvent according to the proportion of dry-weight in leaf and seed.  This was taken as the highest dose.  The other doses were made by serial dilution.

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

1 for correspondence

The insecticide used was methacrifos [methyl (E) – 3 – (dimethoxyphosphinothioyloxy) – 2 –methylacrylate, commercially available as Damfin 950 EC of CibaGiegy].  This insecticide was diluted in the distilled water to have the required dose.

During laboratory trials the lowest dose both for extraction and insecticide on T. castaneum adults were determined and the mortality rates were recorded.  Then the lowest dose of an extraction and insecticide were combined and tested on the same stage of the insect.  Thus four combined doses were made each for leaf and seed extraction.

For each dose 1 ml liquid was dropped on a petridish (90 mm) and dried.  Four plastic rings (30 mm) were placed inside the petridish and 10 adults beetles were released in each ring.  Thus within the petridish each ring served as a replication.  The mortality was recorded after 12 and 24 hours of treatment.

[image: image5.emf]
where, NS, NA and NC are the total number of insects used in the treatments of toxicant (insecticide), test material (extraction) and their combined doses respectively.  XS, XA and XC represent the total number of insects surviving in treatments of toxicant (insecticide), test material (extraction) and their combined doses respectively.  YS, YA and YC represent the total number of insects killed in the toxicant (insecticide), test material (extraction) and their combined doses respectively.  Significant chi-square result indicates observed mortality and combined chemicals is greater than expected and synergism is occurring.  The combined effects in adult mortality were classified on the criteria for synergism (Hewlett, 1960) as described by Benz (1971).
Results are shown in Table 1.  Plant extraction showed a synergistic action on methacrifos killing significantly higher number of T. castaneum adults in comparison with the mortality due to individual action of chemicals (Figures 1 & 2).

D. metal contains an alkaloid – scopolamine in all parts of the plant.  The seeds contain much scopolamine, a trace of hyoscyamine and 12% of a fixed oil (Pradisth and Santos, 1939).  Khaleque et al. (1965, 1968, 1974) isolated scopolamine, hyoscyamine, fastusine, fastusinine, daturanolone acid, fastusic acid, β sterol from the leaf and seed of Dhutura.

Accordnig to Hwelett (1968) and Metcalf (1967) sysnergist inhibit the enzymes responsible for toxicant degradation.  Othaki et al. (1968) and Othaki and Williams (1970) showed that the insect body contains enzymes for the degradation of hormones like the maulting hormone (MH), which may be a mode of action of plant extractions.  Another possible explanation was advanced by Leuschner (1974) and Walker and Thompson (1973) who found that simultaneous application of MH and Juvenile Hormone (JH) caused an increase in MH activity.  A hypothesis for the mode of action of MH and JH when applied together was that the MH activated to synthesis of RNA and JH simultaneously by induced a duplication of the DNA.  This process causes such a severe disturbance in the insect that it leads to its death because the DNA and RNA synthesis are mutually separated and perhaps, exclude each other (Du Praw, 1967).

The synergistic action of the plant extractions, used in the parent investigation, is to some extent similar to the results of Dyte and Rowlands (1970) who reported higher mortality of T. castaneum adults in combined doses of insecticides (e.g. Fenitrothion, Bromoxon and Malaoxon) and synergists (Sesamex, SKF, 525A and PAOB-1) in comparison with the mortality due to individual action of the chemicals.  This result is also similar to that of Ishaaya et al. (1983) who reported higher mortality of T. castaneum in combined doses of insecticide (e.g. trans and cis cypermethrin) and synertist (pyperonyl butoxide) in comparison with the mortality due to individual action of the chemicals.  Mondal (1990) also observed the same results using insecticide (pirimiphos methyl) and synergist (methylquinone) on T. castaneum.
The authors wish to express their gratitude to Dr. R.M. Wilkins, Department of Agriculture and Environmental Science, University of Newcastle upon Tyne, England for supplying beetles and to the Chairman, Department of Zoology, Rajshahi University for providing necessary laboratory facilities.
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Notes :
Dose of insecticide : 15.56-5 µg/sq.cm.

NS = Number of insects used in insecticide

YS = Number of insects killed in insecticide
XS = Number of insects surviving in insecticide

NA = Number of insects used in extractions
YA = Number of insects killed in extractions

XA = Number of insects surviving in extractions

NC = Number of insects used in combined dose

YC = Number of insects killed in combined dose

XC = Number of insects surviving in combined dose

LPS / SPS = Leaf / Seed extraction in petroleum spirit

LEA / SEA = Leaf / Seed extraction in ethyl acetate

LAC / SAC = Leaf / Seed extraction in acetone

LME / SME = Leaf / Seed extraction in methanol

12 & 24 indicate the duration of treatment in hours

* = P < 0.05, ** = P < 0.01, *** = P < 0.001
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* QUINONE SECRETIONS OF FLOUR BEETLES, TRIBOLIUM PROBLEMS AND PROSPECTS

ABSTRACT

The quinone secretions of flour beetles of the genus Tribolium is briefly reviewed.  Toxicity of the quinones on both flour beetles and human beings is discussed and their possible role in the control of flour beetles is suggested.

INTRODUCTION

Flour beetles of the genus Tribolium are the major pests of stored products.  The ability of both adults and larvae to exploit a wide variety of stored products has contributed to their status as major (Good, 1933, 1936).  Flour beetles live in almost any kind of flour including whole-wheat flour, bleached and unbleached white flour, bran, rice flour, cornmeal, barley flour and oatmeal (Chittenden, 1896, 1897).  Their presence in a stored product results in a contamination and substantial economic damage due to loss of the product and a decrease in nutritional value (Wilbur and Mills, 1978).
Adult flour beetles infest and contaminate the flour giving a persistent and disagreeable odour, turning the flour pinkish (Chittenden, 1896; Engelhardt et al, 1965), adversely affecting the viscous and elastic properties of the flour and create a disgusting taste (Payne, 1925).  This is because of the accumulation of the quinones given off by the adults and taken up by the flour (Ghent, 1963).

QUINONE SECRETIONS
Source of quinones
The flour beetles manufacture and store large quantities of quinones within their odoriferous glands (Roth, 1943; Roth and Eisner, 1962; Eisner and Meinwald, 1966).  Two pairs of well developed odoriferous glands – one pair in the prothorax and the other in the abdomen, are the source in both sexes of adults of these quinoid secretions (Roth, 1943, 1945).  The prothoracic glands are located on the anterolateral region of the thoracic cavity and are attached to and open at the anterior prothoracic margin.  The abdominal glands open just posterior to the lateral processes of the lateral margin of the seventh abdominal sternite (Sokoloff, 1972).

In newly emerged adults the quinone secretion is from the thorax only.  There is no detectable secretion of the quinones in larvae or in prepupae, but quinones may be detected in the thoracic glands of some very late pupae which are shortly to emerge, and in all adults one hour after emergence.  The substance is definitely detected in the abdominal glands two hours after emergence of adults.  The quinones appear at the same time in both male and female adults (Good, 1936; Roth, 1943).

Ejection of quinones

The thoracic glands may eject quinones independently of the abdomen and vice versa.  In most cases the secretion appears to be given off from the thoracic glands more readily than from the abdominal ones.  This is due to the absence of a closing mechanism for the thoracic reservoir.  Sometimes the quinone secretions are given off readily from both the thoracic and abdominal glands (Roth, 1943).

The quinones are discharged under different conditions e.g. crowding, excitement (Engelhardt et al., 1965), agitation of the beetles (Ogden, 1969) and partial narcosis (Irwin et al., 1972).  It a volume of flour medium is overloaded with a great number of adult beetles (more than 20/gm).  The agitation of such a large number of individuals in a relatively small volume will cause the rapid release of quinones.  The accumulation of quinones in the flour is also due to a longer duration of occupation by the beetles (Mondal, 1983, 1985).  There is another way in which quinones may get into the flour.  When the beetles die they slowly release the quinones from their odoriferous glands.  A large number of deaths in a culture both in a laboratory and warehouse may lead to the presence of quinones in the flour medium (Ogden, 1969).

Concentrations of the quinones are extremely low in newly emerged adults (less than 20 microgrammes per insect).  The level increases with age until 20-30 days after adult emergence, after which time the concentrations are maintained for a long time.  In adults 30 or more days after emergence, females contain higher levels of quinones than males of the same age.  However, the level of quinones varies from 9.2 to 472 µg depending on the species of flour beetles (Sokoloff, 1974; Wirtz et al., 1978 a, b).  The mutants msg in both T. castaneum and T. confusum greatly reduce and even eliminate the production of quinones (Sokoloff, 1974).
Table 1.  Average amount of quinone contained in flour beetle’s odoriferous glands (Sokoloff, 1974).

	Species
	Quinones / insect (µg)

	
	Average
	Minimum
	Maximum

	Tribolium castaneum
	39.5
	12.4
	76.0

	T. castaneum msg
	1.3
	0.2
	3.4

	T. confusum
	33.1
	9.2
	53.0

	T. confusum msg
	2.4
	0.0
	5.5

	T. anaphe
	73.1
	29.0
	155.0

	T. brevicornis
	225.7
	56.0
	472.0

	T. destructor
	135.5
	43.0
	237.0

	T. madens
	197.0
	60.0
	307.0


Chemical Nature
The quinone secretions of the odoriferous glands have been analyzed for Tribolium castaneum (Alexander and Barton, 1943; Loconti and Roth, 1953); T. confusum (Hackman et al., 1948; Engelhardt et al., 1965; Ladisch et al., 1967a); T. destructor (Tschinkel, 1975a); T. audaxHal. (Markarian et al., 1978); and T. madens Charp. (Markarian et al., 1978).  The secretion comprises mainly ethylquinone (2-ethyl-1, 4-benzoquinone) and methylquinone (2-methyl-1, 4- benzoquinone) (Alexander and Barton, 1953).  In addition to these two components, methoxyquinone, ethylhydroquinone and methyldroquinone have been reported by Hackman et al. (1948).  The quinone consists of 80-90% ethylquinone; 10-20% methylquinone and a trace of other components (Loconti and Roth, 1953; Markarian et al. 1978).
Role of Quinones

There has been much speculation concerning the role of the quinone secretions.  They are thought to serve as defensive compounds (Roth and Eisner, 1962; Tschinkel, 1969, 1975b). They are toxic to many species of both bacteria and fungi (De Coursey et al, 1953; Ladisch, 1963; Ladisch et al. 1967b).  Both fungi and bacteria have been found to be attractive to Tribolium (Van Wyk et al., 1959) as a food source (Sinha, 1966, 1968).  While fungi and bacteria serve as a source of growth factors for flour beetles, the presence of too many of them may compete for the basic flour or grain substance.  Thus it appears that part of the effect of quinone secretion may be to decrease the growth of fungi and, to a lesser extent, the growth of bacteria minimizing the competition for grains while still allowing to serve as a source of growth factors (Ogden, 1969).
PROBLEMS

Quinones are highly reactive and acutely toxic compounds.  Quinones secreted by the flour beetles infesting the flour or grains in both warehouses and private houses are responsible for the following problems :
Effects on flour

Quinones turn the flour into a grey useless mass deleteriously affecting its viscous and elastic properties (Payne, 1925).  It contaminates the flour giving a persistent and disagreeable odour, creating a disgusting taste and, thus making the infested flour unsuitable for human consumption (Chittenden, 1896).
Toxicity to human beings

Quinones are both acutely toxic, allergenic and even carcinogenic to human beings (Ladisch et al., 1967a).  Poisoning by hydroquinone – quinone systems in man is characterized by jaundice, anemia, haemoglobinuria and cachexia.  In mammals its toxicity may also cause respiratory depression, skin blanching and cyanosis before death.  Respiratory impairment may be due to inadequate blood oxygen (Omaye et al., 1981).  Also the quinone vapour from the infested flour is irritating to men resulting particularly in gastric disorders (Park, 1934).  Moreover, it smells like an aldehyde and it irritates the mucous membrane of the nose, and in high concentrations it also irritates the eyes (Chapman, 1926).

PROSPECTS

Fortunately, quinone secretion is highly toxic to the flour beetles themselves (Palm, 1946).  It is well known that the activities of the flour beetles result in the flour becoming contaminated with quinone secretions and that the population declines largely through reduction of the reproductive rate (Park, 1934, 138).  As a result irrespective of initial population density, eventually an equilibrium is attained after the population of flour beetles becomes relatively constant (Chapman, 1928; Park, 1935, 1937; Roth, 1943).  Thus, the quinone secretions may reduce the population of flour beetles adversely affecting the following biological aspects (Table 2).

Larval Growth

The quinones inhibit the larval development by reducing larval weight and lengthening the larval period (Park, 1934, 1938; Sverdlov and Wool, 1973; Mondal, 1986).  This is due to their effects on the juvenile hormone.  It may accelerate the secretion of the juvenile hormone in the larvae of the flour beetles.  The other explanation may be that the quinones change the sulfhydryl – disulfide equilibrium of important digestive enzymes or membrane proteins of the microvilli of the midgut.  Complexing with either enzymes or membrane proteins may have the effect of allowing less food to be assimilated (Rees and Beck, 1976).
Fecundity and Fertility

Long period of feeding on quinones contaminated flour affects the metabolism of adults particularly the physiological state of the female (Loschiavo, 1960, Taher and Cutkomp, 1983) which ultimately reduce both fecundity (Park, 1936a; Mondal and Port, 1985) and fertility in Tribolium (Park, 1936a; Mondal, 1987).

A population can bring about a compensation for increased mortality by increasing net reproduction.  The multiplication or outbreak of insects is greatly influenced by both fecundity and fertility of the species (Khan, 1981).  Both fecundity and fertility of Tribolium females are reduced by quinones which plays an important role in the reduction of the reproductive rate.

Adult Deformity
Quinone secretion is capable of producing various abnormalities in flour beetle populations, the effect varies with the developmental stages of the insects (Roth and Howland, 1941).  Some insects surviving quinones suffer physiological effects other than death reflected in an impaired ability to develop properly (Loschiavo, 1960).  The quinone affects critical periods in the development of the larvae or pupae resulting in gross abnormalities in the subsequent adult which may be mistaken for mutations (Sokoloff, 1972).  These abnormalities include larvae with wing pads which fail to become adults; pupae which produce monstrous imagoes with legs reduced in size or altogether wanting; adults with the head greatly reduced, missing legs, antennae, mouthparts or elytral deformity (Chapman, 1926; Oosthuizen and Shepard, 1936; Park, 1936b, Roth and Howland, 1941; Sokoloff, 1972; Mondal, 1990a).

These deformed adults probably suffer latent effects which are responsible for this reduced fecundity (Mondal, 1985), fertility (Mondal, 1987) and adult life span (Ashford, 1970; Mondal, 1988; Mondal and Ali, 1989).
Table 2.  Showing the effects of quinone on different life stages of flour beetles.
	Life Stage
	Control
	Quinone
	Reference

	Larval period (days)
	20.0
	27.1
	Mondal, 1986

	Larval weight (µg) (6th instar)
	1.8
	0.7
	Mondal, 1986

	Fecundity (Eggs/day/female)
	9.1
	4.4
	Mondal, 1985

	Hatching (%)
	93.1
	79.0
	Mondal, 1987

	Adult mortality (%) ♂
	4.0
	14.0
	Mondal, 1988

	Adult mortality (%) ♀
	5.3
	15.3
	Mondal, 1988

	Larval mortality (%)
	2.4
	10.0
	Mondal, 1990b

	Adult deformity (%) resulting from :
	
	
	Roth and Howland, 1941

	1st instar larvae
	-
	100.0
	

	Last instar larvae
	-
	77.0
	

	Prepupae
	-
	53.0
	

	Pupae
	-
	8.0
	


Synergistic action

Quinones act as a synergistic (Hewlett, 1960, 1968) with insecticides against the flour beetles, killing significant higher numbers in comparison with the mortality due to individual action of the chemical (Table 3).  The synergism may be achieved by applying either constant or variable doses of quinone in combination with constant or variable doses of insecticide (Mondal, 1990b).

The synergism happens following physical stress.  Quinones may reduce the number of haemocytes which probably increases the susceptibility to the insecticides or it slows down the detoxification of insecticides in insects (Sternburg et al., 1959; Davey, 1963).

Table 3.  Synergistic effects of quinone with pirimiphos – methyl (insecticide) on Tribolium castaneum larval mortality (Mondal, 1990b).
	Chemical doses (ppm)
	Percentage mortality

	Pirimiphos-methyl 

(A)
	Quinone 

(B)
	Pirimiphos-methyl 

(A)
	Quinone 

(B)
	Combined 

(A + B)

	1.0
	200
	15.5
	8.9
	38.9

	1.0
	2000
	15.5
	12.2
	58.9

	1.0
	4000
	15.5
	13.3
	55.5

	1.0
	8000
	15.5
	13.3
	60.0

	2.0
	200
	43.3
	8.9
	65.5

	3.0
	200
	64.4
	8.9
	86.7

	4.0
	200
	81.1
	8.9
	95.5


As Repellent
Naturally occurring quinones are repellent to flour beetles (Ghent, 1963).  Among different components of quinones, both synthetic methylquinone and ethylquinone are repellent to both adults (Loconti and Roth, 1953; Ogden, 1969) and larvae (Mondal, 1983, 1985, 1989; Mondal and Port, 1984) of the flour beetles.  Quinones have been found to be effective both in a vapour and contact phase which complies with the properties of a repellent (Slifer, 1954, Dethier et al., 1960; Painter, 1967).  In the case of contact action, the quinone acts upon receptors not normally sensitive to vapours, particularly gustatory receptors on the mouthparts and tarsi (Frings, 1946; Dethier, 1956).  Both olfactory and gustatory effects cause directed avoiding reactions which are more or less immediate (Dethier, 1956) and also frequently control feeding (Painter, 1967).
CONCLUSIONS
Despite of being toxic to mammals, quinones may be exploited for the control of flour beetles in warehouses.  Firstly, the most important method is to use them as a repellent.  Treatment of bags of flour or other stored products with repellent quinone may prevent flour beetles from attacking and infesting the food.  It may be used more widely in warehouses to direct insects to other areas where they can be killed by appropriate insecticides, chemosterilants or pathogens (Ginsburg, 1935; Painter, 1967).  Secondly, the synergistic effect of quinone indicates its possible use to enhance the effectiveness of insecticides.  A complete or almost complete elimination of the flour beetles from warehouses can be achieved even using a low concentration of insecticides in combination with quinones.  Thus, quinone secretions may play a vital role in achieving the long-range goals of controlling flour beetle populations effectively and economically, reducing the use of insecticides.  Unfortunately so far, no such endeavour has been made to use these quinones in control measures.  In this regard scientists as well as the agrochemical industry should take the initiative to carry out both investigation and synthesis of these quinones commercially so that they may be available for large scale use.  Moreover, the toxic and carcinogenic effect of quinones may be overcome if the synthesis of a non-toxic analogue of this compound is possible.
Otherwise, necessary care and precautions should be taken to avoid the vapour or direct contact with this compound.  The safe and effective use of quinones should be of concern to everyone.  To protect against unwanted exposure to quinones the following precautions and safety measures are suggested :

1)
Stored flour in a warehouse should be inspected frequently at a regular interval to detect whether they have been infested by flour beetles.

2)
Flour to be taken out of the warehouse for human consumption before being infested and contaminated with quinones.  Under no circumstances, should the food grains be allowed to be heavily infested and contaminated with quinones.

3)
Stored flour, which has become pinkish in colour should not be used for human consumption because the colour indicates the presence of quinones in the flour.

4)
Both quinones and quinone-contaminated flour should be handled with care.  It should not be brought into contact with the skin.  Protective clothing including gloves should be used.

5)
The quinone vapour should be avoided : a mask may be used.

6)
People should be made aware of the toxic effects of the quinone secretion of flour beetles and that quinone-contaminated food is a threat to human health.
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* DIETARY EFFICIENCY OF COMMON SPICES IN TRIBOLIUM ANAPHE HINTON (COLEOPTERA : TENEBRIONIDAE).
A.M. Saleh Reza, Mahbub Hasan **, S.M. Rahman and A.R. Khan

Department of Zoology, Rajshahi University

Rajshahi 6205, Bangladesh

The present investigation determines the effect of commonly used spices on the growth and development of Tribolium anaphe.  Spices had a deleterious effect on the beetle.  However, addition of 5% yeast improved the dietary status of chilli, cardamom and cinnamon in T. anaphe.

Tribolium anaphe Hinton, originating in Ethiopia, has become a potential pest of stored products in recent years in various parts of the globe.  Spices are important ingredients of our diet which are primarily used to add flour and to remove unsolicited bad odour. As other stored commodities there are liable to pest infestations.

The growth and development of Tribolium on spices have been worked out by a few workers (Good, 1933; Punj, 1967; Pajni and Virk, 1978).  However, no literature is available on the effect of spices on the growth and development in T. anaphe.  This initiated the present investigation.

Various spices, e.g. Chilli (Capsicum annum), Clove (Syzygium aromaticum), Cardamon (Ammomum subulatum), Cinnamon (Cinnamomum zeyandicum), Coriander (Coriandrum Sativum), Black pepper (peper nigrum) and Cumin (Cuminum sativum) were procured from the local market, dried, crushed to powder and passed through a 60-mesh sieve.  Eggs of T. anaphe were collected from a laboratory culture maintained on wholemeal flour.  Neonate larvae (>24 hrs old), 50 for each food, were transferred to glass jars each containing 50 gms of food.  Another set of experiment was made where each treatment contained 5% yeast.  In addition, two samples of wheat flour with and without 5% yeast were kept as standard food.  Larvae were observed for pupation.  Freshly formed pupae were kept in Petri dishes for adult emergence.  The larval periods of T. anaphe on various spices were noted.  After eclosion the pupal period and adult recovery (%) were recorded.

** To whom correspondence should be sent.

The growth index of the test insect in respect of various foods was computed by dividing adult emergence (%) by the total duration of pupal and larval periods.  All the experiments were replicated thrice and performed in an incubator set at 300c.

Spices produced deleterious effects on the development of T. anaphe (Table 1).  The development of the beetle was complete on chilli and cardamom with and without yeast.  In the case of cinnamon the addition of yeast produced 13.20% adults and no adults emerged entirely on the spices.  Somewhat similar results were obtained by Punj (1967) and Pajni & Virk (1978).
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Table 1 :  Growth and development of Tribolium anaphe on different spices

	Food
	Adult eclosion (%)
	Total larval & pupal periods (days)
	Growth index

	Wholemeal
	81.62
	20.48
	03.98

	Wholemeal + 5% yeast
	87.24
	19.31
	04.52

	Chilli
	33.33
	43.40
	00.77

	Chilli + 5% yeast
	71.33
	31.37
	02.27

	Clove
	-
	-
	-

	Clove + 5% yeast
	-
	-
	-

	Cardamon
	03.33
	44.42
	00.07

	Cardamon + 5% yeast
	04.16
	44.35
	00.09

	Cinnamon
	-
	-
	-

	Cinnamon + 5% yeast
	13.20
	51.69
	00.25

	Coriander
	-
	-
	-

	Coriander + 5% yeast
	-
	-
	-

	Black pepper
	-
	-
	-

	Black pepper + 5% yeast
	-
	-
	-

	Cuminseed
	-
	-
	-

	Cuminseed + 5% yeast
	-
	-
	-


- means larvae died before pupation
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* Histological and Histochemical Evidence for an Additional Cell Type in the Male Accessory Reproductive Glands of Tribolium brevicornis (Coleoptera : Tenebrionidae)

Introduction


The structure of reproductive accessory gland complexes in the family Tenebrionidae have been described in earlier studies (Murad, et. al., 1977; Happ, 1984).  Past studies of the male accessory gland complex of Tribolium brevicornis have shown that the complex consists of two pairs of paired glands; the tubular accessory glands (TAGs) and the pear-shaped accessory glands (PAGs) (O’Dell, et. al., 1990).  Based on whole mount studies and histological investigation, four types of cells were identified in the PAGs.  However, during recent reevaluation of these slides, a staining anomaly was noted.  The purpose of this study was to further characterize the male accessory glands of T. brevicornis (with special emphasis on the anomalous cell type) via histological and histochemical studies.

Materials and Methods


Colonies of T. brevicornis were raised according to previously established guidelines (O’Dell, et. al., 1990).  For histological studies, 8-10 day adult glands were dissected in phosphate-buffered saline, fixed in 3% gluteraldehyde, embedded in Paraplast and sectioned at 7 µm.  Sections were stained in Mallory’s trichrome (Pearse, 1968).  For histochemical studies, the tissues were dissected in phosphate-buffered saline, fixed in 3% gluteraldehyde, embedded in Paraplast and sectioned at 6 µm.  Sections were stained in Periodic acid-Schiff’s reagent (PAS) with counterstains of celestine blue and naphthol yellow (Pearse, 1968).

Results and Discussion


A ventral view of the reproductive accessory gland complex of T. brevicornis can been seen in Figure 1.  Four cell types already recognized during the previous study and the new cell type (type 5) described here, have been included in the figure.  Figure 2, 3 and 4 show the distribution of the newly identified cell type when the PAGs are viewed dorsally, medially, or laterally, respectively.  As in a previous study, no evidence for more than one TAG cell type was seen.


Observation of slides stained with Mallory’s trichrome show a variety of colors which can be used to track the progression of cell types throughout the gland.  Cell type 1, which is located in the anterior cap of the PAGs, stained orange in Mallory’s trichrome.  Cell type 2, which lines the inner wall of the PAGs, stained light pink.  Cell types 3 and 4 stained varying shades of red, with cell type 4 (the body of the PAGs) staining bright red and cell type 3 (near the ejaculatory duct) staining a rose color.  Cell type 5 flanks cell types 1 and 4 and stains bright blue in Mallory’s trichrome.

Periodic acid-Schiff’s staining, which stains for carbohydrates and carbohydrate-containing macromolecules, shows distinctly different color patterns in the five cell types.  Cell type 1 stains golden, cell type 2 stains white (no coloration is seen).   Cell type 3 and 4 stain tan and green, respectively.  Cell type 5 is the only cell type to stain purple; a positive stain for carbohydrate presence.  Positive carbohydrate staining was also detected in the secretory cells of the TAG, indicating that the TAG secretions might contain glycogen or glycoproteins.  In addition, PAS positive material was detected in two other places in the accessory complex; the basement membrane of the seminal vesicles and the inner cuticular lining of the ejaculatory duct.

Conclusions


Up to eight cell types have been detected in the bean-shaped accessory glands of Tenebrio molitor (Dailey, et. al., 1980).  Although there is no clear relationship between the cell types of T. molitor and the five cell types of the PAGs of T. brevicornis, several similarities can be noted.  In both animals, possible lipid-containing and glycoprotein-containing cell types have been identified in similar areas of the glands, but the actual components which are being stained have yet to be identified.  Eventually, we hope to extend these studies to more members of the family Tenebrionidae.
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* Mitochondrial DNA restriction analyses in species of Tribolium.

Introduction


In the last yeasts, mtDNA analyses have become a powerful tool for evolution studies in animals. These analyses have given a major knowledge of the structure of populations, hybridizations, biogeography and phylogenetic relationships among species.  Three kinds of changes determine the mtDNA variability : nucleotide substitutions, additions and deletions, and sequence rearrangements, although nucleotide substitutions appear to occur more frequently than other changes (Brown, 1985).

The restriction endonucleases have been applied to the study of mtDNA of many organisms, such as human and ape populations (Cann et al., 1982), lizards (Brown and Wright, 1979), rodents (Avise et al., 1983), Drosophila (Powell and Zuniga, 1983).  Nowdays, these techniques are predominant in phylogenetic research.

The flour beetles of the genus Tribolium have been studied under different points of view : morphological, physiological, ecological, ethological, cytogenetical, etc. (Sokoloff, 1972).  Curiously, we have not found mitochondrial DNA studies on Tribolium in the literature.


In this preliminary study we have investigated the mtDNA of six species of Tribolium, determining their mtDNA size by means of the fragments obtained after cutting with some restriction endonucleases.

Materials and Methods
Biological material

The species of Tribolium analyzed were : T. brevicornis, T. confusum, T. castaneum, T. madens, T. audax and T. freemani, obtained from the Lab of Prof. Sokoloff, San Bernardino, Univ. of California.


Several isofemale lines (lines initiated from a single female) were established and examined.  Because of its maternal inheritance, all individuals of an isofemale line share the same mtDNA.

MtDNA isolation and digestion


MtDNA was extracted according to the method of Latorre et al. (1986), which is a modification of the method employed by Coen et al. (1982).  12-20 individuals are gently homogenized in an Eppendorf tube containing 320 µl of 10 mM Tris; 60 mM NaCl; 5% sucrose; 10 mM EDTA; pH 7.8.  Then, 400 µl of 300 mM Tris; 5% sucrose; 10 mM EDTA; 1.25% SDS; 0.8% DEPC (freshly mixed) (pH 9.0) were added.  The mixture was incubated at 650c for 30 min., after which 120 µl of 3 M potassium acetate was added and the mixture was kept at –200c for 12 min.  After centrifugation for 10 min. in an Eppendorf centrifuge, the supernatant was added to 1 volume of 2-propanol and left standing at room temperature for 5 min., which was followed by a centrifugation for 5 min.  The pellet was washed with 500 µl of 70% ethanol and centrifuged for 2 min.  The supernatant was discarded, and the pellet was resuspended in 250 µl of destilled water with 0.25% DEPC (freshly mixed) and left at room temperature for 30 min.  Then, 250 µl of destilled water, 0.1 volume of 3 M potassium acetate and two volumes of ethanol (-200c) were added, and the mixture was kept at -200c for 10 min.  The DNA was then spun down for 5 min. in the Eppendorf centrifuge and washed with 70% ethanol.  Residual ethanol was removed by drying the precipitate in a desiccator for 30 min., after which the DNA was dissolved in 40 µl of TE buffer (10 mM Tris; 1 mM EDTA; pH 8.0).

Restriction endonuclease digestions of mtDNA were conducted using conditions recommended by the commercial firm (Boehringer Mannheim).  Three restriction enzymes with hexanucleotide recognition sites (EcoRI, PstI and BamHI) and two with tetranucleotide recognition sites (HaeIII and HpaII) were tested.  The mtDNA was digested with the endonucleases in a final volume of 20 µl, following the supplier’s recommendations.  RNase (2 µg/ml) was added to the mixture.  Restriction fragments were separated in 1% agarose gels, stained with ethidium bromide and visualized under UV illumination.

Measurements of restriction fragments


Bacteriophage ג DNA digested with HindIII, and ג DNA digested with HindIII + EcoRI were used as a molecular size markers.  An additional size marker used was the Drosophila azteca mtDNA (16 kb) digested with HaeIII (that gives one fragment of 16000 bp) or with HpaII (that gives two fragments: 11230 bp and 4680 bp).


The relative mobilities of Tribolium mtDNA, ג DNA and D. azteca mtDNA fragments were measured from photographs of the gels, and the molecular sizes of Tribolium mtDNA estimated by plotting them on semilog-paper.  Besides, the restriction fragment sizes were calculated by means of the ASIZE program proposed by Krawczak (1988).  Fragments were assumed to be homologous if they had the same mobility in adjacent lines of a gel (Oveden et al., 1988).

Results and Discussion


The six species studied did not show any intraspecific variability, but a high variability among species.  The restriction patterns of the six species were different from one another.  Figure 1 shows the photograph with the HaeIII restriction patterns for all the species studied.  As it can be seen, they are very different.  HaeIII yields a lot of fragments in all species analyzed (from 2 fragments in T. audax to 13 in T. brevicornis).  Three of the enzymes (HaeIII, HpaII and EcoRI) usually gave a lot of fragments whereas the other two enzymes used (BamHI and PstI) gave a minor number, and in some cases no bands were observed (Table 1).


The size of the fragments obtained after digestion is represented in Table 1.  The mtDNA size for each species of Tribolium was estimated averaging all the different sizes obtained after digesting with the five enzymes used. The sizes may be underestimated because fragments smaller than 500 base pairs could not be accurately resolved.  Anomalous values were not included in the calculations.  As it can be seen in Table 1, all species except T. brevicornis have a similar mtDNA size, which ranges from 17.000 bp to 18.200 bp.  The mtDNA of T. brevicornis is the biggest, around 22400 bp, 4000 bp more than the others.  Curiously, this species has a HaeIII fragment of 1100 bp highly repeated (about 8 times).

The genetic distance between the mtDNA of the species in pairwise comparisons may be estimated by the parameters S (probability that two DNAs share the same recognition sequence at a given site) and d (expected number of nucleotide substitutions per site).  The d values between two species can be determined by the maximum likelihood method of Nei and Tajima (1981) (Nei, 1987).  From these values it can be constructed a dendrogram.  Nevertheless, these analyses could not been carried out due to the fact that two comparisons, T. madens – T. freemani and T. confusum – T. brevicornis do not share any fragment in common (Table 1) and the results could be distorted.  More restriction enzymes are needed to find common fragments.

This work was partly supported by the 1989 “Ciutat de Palma” Prize from the Palma de Mallorca city council to A.T.
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Figure 1.  Photograph with the HaeIII restriction patterns for all species.  Lanes 1 and 8: ג DNA marker; 2: T. audax; 3: T. castaneum; 4: T. madens; 5: T. freemani; 6: T. confusum; 7: T. brevicornis.
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Table 1.  Restriction fragments and mtDNA size of the six species of Tribolium

	SPECIES
	ENZYMES

	
	HaeIII
	HpaII
	EcoRI
	PstI
	BamHI
	MEAN SIZE

	T. audax
	10000
	9400
	3400
	
	16000
	

	
	8000
	5000
	3100
	
	2100
	

	
	
	2100
	3000
	
	
	

	
	
	2000
	1900
	
	
	

	
	
	
	1000
	
	
	

	Total
	18000
	18500
	12400*
	-
	18100
	18200

	T. freemani
	8000
	
	9700
	16000
	14500
	

	
	2500
	
	6500
	1650
	2100
	

	
	2100
	
	1100
	
	1700
	

	
	2000
	
	
	
	
	

	
	1400
	
	
	
	
	

	
	1200
	
	
	
	
	

	Total
	17200
	?
	17300
	17650
	18300
	17600

	T. castaneum
	5700
	7000
	7000
	16000
	16000
	

	
	2100
	2200
	7000
	1900
	2100
	

	
	1900
	2100
	2000
	
	
	

	
	1700
	1700
	1100
	
	
	

	
	1600
	1400
	900
	
	
	

	
	1600
	1000
	
	
	
	

	
	1300
	
	
	
	
	

	
	850
	
	
	
	
	

	
	800
	
	
	
	
	

	Total
	17550
	15400*
	18000
	17900
	18100
	17900

	T. madens
	5700
	10400
	4400
	11000
	16000
	

	
	4700
	5700
	3000
	5500
	
	

	
	3700
	500
	2900
	
	
	

	
	1750
	500
	1900
	
	
	

	
	1250
	
	800
	
	
	

	
	750 x 2
	
	
	
	
	

	Total
	18600
	17100
	13000*
	16500
	16000
	17000

	T. confusum
	6700
	4200
	3600
	
	
	

	
	3200
	3500
	3100
	
	
	

	
	2500
	2500
	2900
	
	
	

	
	1600
	2000
	2900
	
	
	

	
	1450
	
	2300
	
	
	

	
	900
	
	1200
	
	
	

	
	700
	
	1200
	
	
	

	Total
	17050
	12200*
	17200
	?
	-
	17100

	T. brevicornis
	4800
	9400
	7600
	16000
	
	

	
	3300
	4900
	6000
	2200
	
	

	
	2200
	3300
	1750
	1250
	
	

	
	1900
	2100
	1000
	1100
	
	

	
	1250
	1700
	
	1100
	
	

	
	1100 (x8)
	1100
	
	
	
	

	
	
	600
	
	
	
	

	Total
	22250
	23100
	16350*
	21650
	-
	22400


- : The enzyme did not cut

? : The restriction pattern could not be interpreted

* : Value that was not considered in the mean

Sokoloff, A., Biology Department, California State University, San Bernardino, California, 92407.

* Developmental rates of Tribolium species.

Carreras et al. have given the following data on the duration of the developmental cycle of T. brevicornis, T. castaneum, T. confusum and T. madens when reared at room temperature (240c) and 50% Relative Humidity.

	STAGE
	T. brevicornis
	T. castaneum
	T. confusum
	T. madens

	Egg
	7.02
	0.04
	
	
	

	Larva
	41.65
	0.39
	
	
	

	Pupa
	12.15
	0.07
	
	
	

	Total days
	60.82
	50.25
	52.55
	54.75


The following values for several species have been obtained in our laboratory at different temperatures and relative humidities 

	Species
	Temp. & R.H.
	Total developmental period (days)

	T. brevicornis
	32
	60
	60

	T. destructor *
	28
	75
	44

	T. audax
	32
	70
	43

	T. madens
	35
	70
	35.3


* T. destructor shows great mortality at higher temperatures.

In other experiment where T. audax and T. madens were reared at the same temperature and humidity (320c and 70% R.H.) we obtained the following data :

	Stage
	T. audax
	T. madens

	Egg
	7
	9

	Larva
	22
	19

	Pupa
	14
	10

	Total
	43
	36


The days elapsed before adults of these species became sexually mature were 50 for T. audax and 40 for T. madens.
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* Hybridization between T. castaneum and T. freemani – a possible exception.

Crosses between T. castaneum and T. freemani produce abundant progeny all of which are sterile (Nakakita et. al. 1981).  This indicates that they are closely related sibling species.  Further evidence for this close relationship has been obtained by crossing sex-linked recessive, autosomal semi-dominant and autosomal dominant mutants with recessive lethal effects available in T. castaneum with T. freemani.  The ratios among the hybrid progeny were similar to those obtained when T. castaneum mutants were crossed with T. castaneum normal beetles, attesting to the similar genetic endowment of the two species (Brownlee and Sokoloff, 1989).  Further evidence for this has been obtained by crossing the mutant black of T. castaneum with a recently discovered in T. freemani.  The F1 of these hybrid crosses were all black, indicating the two black mutants were due to homologous genes (Spray and Sokoloff, 1991).

One of the most notable differences between T. castaneum and T. freemani is the size of the adults : T. freemani males and females weigh two to three times more than the corresponding sex in T. castaneum, and when etherized beetles of comparable sex are placed side by side under the dissecting microscope it is evident that T. castaneum is roughly 2/3 the length of T. freemani.  Within T. castaneum the wild type and the pygmy mutations differ in the same relative way;  The wild type weighs roughly twice as much as the py beetles, and the overall length of the latter is roughly 2/3 the length of the former.

Brownlee and Sokoloff (1988) have shown that despite these differences in size T. castaneum py males are perfectly capable of producing hybrids when crossed with T. freemani females, and in the reciprocal cross py females can be inseminated by T. freemani males.  Since the py gene is a sex linked semi-dominant one, the F1 female hybrids are somewhat reduced in size while the F1 male hybrids are all py.  The other two sex-linked recessive mutants investigated separately from each other and from py in hybridization studies (pd and r) give distinct F1 ratios in reciprocal crosses as they would in single species crosses : r/r ♀ x + ♂ give black eyed females and red-eyed males in equal numbers, while the reciprocal cross r ♂ x black eyed females give black eyed males and females in equal proportions.  Crosses involving the sex-linked antennal mutation, paddle (pd) give similar results as those obtained for the red eyed mutant.
Recently, however, we carried out reciprocal crosses between T. freemani and b: r py. b is a semi-dominant autosomal gene modifying body color and r & py are of course sex linked.

The results were interesting :

b r py male x T. freemani ♀ produced males and females phenotypically wild type.  The reciprocal cross failed to produce even though the b r py females and their T. freemani were held together and transferred to fresh food for several months.

Next we tried crossing pd pte (both sex linked traits) x T. freemani reciprocally.  We obtained F1 hybrids when the male was pd pte was the male, but in the reciprocal cross there were no progeny, even though the parents of both species were held together for several weeks.

Further studies are now in progress.
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TRIBOLIUM SIMULATION OF THE EFFECT OF HEAT STRESS ON LAYING HENS PERFORMANCE

ABSTRACT


The simulation of the effect of heat stress on laying hens performance was carried out by using the flour beetle (Tribolium castaneum Herbst) which has a short life cycle, high reproductive performance, and is easy to raise and control.  The results showed that the offspring number of the treatment group R which mated at the temperature of 380c was significantly smaller than that of control group C (320c), and the pupal weight of R was heavier than that of C.  The curve of the offspring number of R took an ‘arched’ before it began its downswing and never reached their standard peak due to the heat stress.  The study also showed that different time lengths of treatment had no equal effects on reproduction performance.
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THE SIMULATION OF SIRE GENETIC EVALUATION USING TRIBOLIUM CASTANEUM FOR THE COMPARISON OF TWO STATISTICAL METHODS

ABSTRACT


The simulation of sire genetic evaluation by using Tribolium castaneum for the comparison of two statistical methods : Henderson’s method 3 and REML for the estimation of variance and covariance components, and also the comparison of two selection methods.  The same data set of pupal length and pupal width in two generations was analyzed by two methods.  Results showed that heritabilities of two traits estimated by Henderson’s methods 3 were lower than that estimated by REML and did not remain stable in two generations.  The ranking of each family average of breeding value showed that the usual method may be used for sire evaluation when the heritabilities of selected traits are middle in heigh.
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* The use of Fumagillin and bleach rinses to control Nosema infection in Tribolium


In longterm culture, flour beetles, Tribolium spp., can be subject to outbreaks of Nosema Whitei, a microsporidian parasite.  We have found that such outbreaks can be eliminated by adding the antibiotic fumagillin to the medium in very low doses.  This antibiotic is used to control Nosema infection in honey bees.  We employ the following procedure in treating a suspect culture and during experimental work.  First, a 0.50% by weight “F-concentrate” is made by combining 189 g of whole wheat flour, 10 g of brewer’s yeast and 1 g of bicyclohexylammonium fumagillin (brand name, “FUMIDIL B”, obtained from Mid-Continental Agrimarketing, Inc., Lerexa, KS 66215).  The F-concentrate is stored in a freezer at 00 to -100c.  Second, a 200 g batch of rearing medium with 1 part in 10,000 by weight fumagillin is prepared by combining 3 g of F-concentrate with 197 g of standard flour-yeast medium (95% by weight whole wheat flour and 5% by weight dried brewer’s yeast).  Third, “washed” eggs or adult beetles are added to the fumagillin medium.  Eggs are washed in a bleach solution consisting of 10% by volume chlorine bleach and 90% by volume distilled water following procedures outlined in Park (1948).  Adults are also washed to remove adhering spores by shaking for three minutes in a test tube containing the bleach rinse.  After the adults are rinsed, they are blotted on paper toweling and given approximately 30 minutes to recover before being added to the medium.


It is out experience over the past seven or eight years that these procedures will eliminate Nosema and other parasitic infections observed to cause larval and pupal mortality during longterm culture.
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