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Abstract. A chemically defined diet is a powerful tool for the study of nutritional physiology. We have developed a simple, standardized diet for Rhytidoponera ants to facilitate experiments on nutrititional regulation and nutrient balancing in these ants. Colonies of Rhytidoponera metallica were fed with a standardized diet, containing a 1:2 ratio of total proteins to digestible carbohydrates. After 8 weeks, colony performance (number of brood raised, the mass of pupae, and the mortality of workers) was superior to that of colonies fed with Bhatkar-Whitcomb diet and similar to colonies fed with Drosophila and honey-water. Keywords: Artificial diet, nutrition, colony growth, green headed ant.



Introduction A major challenge for any animal is to meet the demands of growth, development and reproduction in a nutritionally heterogeneous environment. Extensive studies have elucidated the nutritional regulatory strategies and mechanisms employed by a range of non-social insects and other animals (e.g. Raubenheimer and Simpson, 1999; Simpson and Raubenheimer, 2000; Simpson et al., 2004; Raubenheimer and Jones, 2006, Raubenheimer et al., 2007). Herbivorous, omnivorous and predatory insects have been shown to possess separate appetites for protein and either carbohydrate or fat, which underlie an ability to compensate for changes in nutrient density in foods and to select among nutritionally complementary foods to achieve a nutritional intake target. How social insects such as ants maintain nutrient supply at both a collective and an individual level in response to changes in the nutritional composition of available foods, colony demography and larval growth is



not known (but see Kay, 2004) Such an understanding would provide an important extension to models of collective behaviour and to the study of nutritional ecology. Ants and all social insects are faced with a nutritional challenge. Colonies need to adjust their harvesting strategy to the internal demands for nutrients within the nest, where larvae and workers have different needs. Worker ants need carbohydrates as a source of energy (Markin, 1970; Schneider, 1972; Wilson and Eisner, 1957), whereas larval growth relies more heavily on proteins (Cassill and Tschinkel, 1999; Markin, 1970; Sorensen and Vinson, 1981). Hence, numerous authors have shown that the distribution of food among the different individuals of the colony indeed depends upon the type of food collected (Abbott, 1978; Howard and Tschinkel, 1980, 1981a,b; Sorensen and Vinson, 1981; Sorensen et al., 1981, 1985; Sudd, 1967; Wilson, 1971). To investigate the nutritional responses of ants – specifically the green headed ant, Rhytidoponera metallica – we wished first to develop a standardized artificial diet which will support colony growth and provide the opportunity to allow experimental control over nutritional manipulations. The most commonly used artificial diet for ant breeding is the chemically undefined Bhatkar and Whitcomb diet (Bhatkar and Whitcomb, 1970). This diet comprises whole raw egg, honey and the contents of vitamin-mineral capsules set in agar (Bhatkar and Whitcomb, 1970). When kept on Bhatkar-Whitcomb diet alone, several ant species cannibalised more larvae (Buschinger and Pfeifer, 1988) or raised fewer pupae than did colonies supplied with dead insects and sugar water or diluted honey (Porter, 1989; Alloway et al., 1991), which is why numerous studies have supplemented this diet with added protein in the form of insect pieces (e.g Banks et al., 1981; Porter, 1989; Vogt, 2003), raw eggs (Bhatkar and Whitcomb, 1970), or steak
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Table 1. Quantity of protein and carbohydrates in each of the five foods used in the first experiment. The numbers in bracket represent the actual quantity of protein. PC



Whey Protein Concentrate (g)



Calcium caseinate (g)



Whole Egg Powder (g)



Sucrose (g)



Water (mL)



Agar (g)



3 :1



22.3 (18.6)



20.4 (18.6)



16 (7.8)



15



300



4



2 :1



19.3 (16.1)



17.7 (16.1)



16 (7.8)



20



300



4



1:1



13.3 (11.1)



12.2 (11.1)



16 (7.8)



30



300



4



1:2



7.3 (6.1)



6.7 (6.1)



16 (7.8)



40



300



4



1:3



4.3 (3.6)



4 (3.6)



16 (7.8)



45



300



4



(Keller et al., 1989). At the other extreme of chemical definition, the completely chemically defined (holidic) diet recently published by Straka and Feldhaar (2007) was sufficient to guarantee a high brood production and normal growth rate of larvae in carpenter ants, Camponotus floridanus. However, because it comprises all amino acids in free form, the diet is somewhat expensive and time-consuming to prepare. Our aim was to derive a diet which would support good development of ant colonies and would be straightforward to prepare, yet be chemically standardized. In order to reach this compromise we decided to use protein powders rather than a mixture of free amino acids. Protein powders have been used in many other insect diets (Singh, 1977; Cohen, 2004). Casein, the most commonly used protein powder, does not provide a good balance of amino acids, in particular being deficient in methionine/cysteine. Hence we chose to use a mix of three different protein powders. The most successful mix we tried combined whey protein, calcium caseinate and albumin. Interestingly, ants would not accept the protein mix used in the diet that has been used in many nutritional studies on locusts and caterpillars, comprising a 3:1:1 mixture of casein, albumin and peptone (stemming from Simpson and Abisgold, 1985 after Dadd, 1961). It is well known that the ratio of protein to carbohydrate (P:C) in the diet is critical to performance in a range of insect species (Raubenheimer and Simpson, 1999; Simpson et al., 2004; Lee et al., 2008). In ants, the artificial diets used so far contain a low P:C (Bhatkar and Whitcomb diet: protein concentration 1.4 %, P:C, 1:12; Straka and Feldhaar diet: 2.1 %; P:C, 1:9.5). To establish which P:C was most effective for rearing ant colonies we needed to conduct a preliminary experiment in which ant colonies were given one of several foods differing in P:C. Performance was assessed by measuring the number of dead ants and the number of brood produced. The ratio that gave the best performance was then chosen for detailed testing against the Bhatkar and Whitcomb diet and a more natural diet (honey and adult Drosophila).To assess the suitability of our diet we counted for each colony the number of larvae produced, the number and weight of pupae raised and the number of dead ants after eight weeks.



Methods Species and rearing conditions The ponerine ant genus Rhytidoponera, commonly called green headed ants, is distributed throughout Australia and its neighboring islands. Colonies of R. metallica are found under rocks, in decaying logs, or in leaf-litter and superficial layers of soil (Haskins and Haskins, 1979; Ward, 1986). In R. metallica, nest founding occurs mainly by budding (Haskins and Haskins, 1979) and is associated with the presence of multiple fertilised egg-laying workers (gamergates) in the colony (Ward, 1986). Haskins and Haskins (1983) mentioned that from 5 to 15 % of the females become gamergates in R. metallica. As with most ponerines, workers are monomorphic (Haskins and Haskins, 1979). First experiment Six colonies of almost 1500 ants were collected in October 2006 in Sydney, Australia. We collected five groups of 250 workers from each colony, yielding a total of five groups of six experimental colonies. These experimental colonies were housed in plastic boxes (20*20*6 cm), the bottoms of which were covered by a layer of cardboard moistened by a cotton plug soaked from a water reservoir underneath. Each box was connected to a foraging arena (20*20*10 cm) by a transparent tube. We allowed the experimental colonies to settle for two weeks before doing the experiment. During this period we made sure that each colony produced fertilized eggs indicating the presence of gamergates. We removed these eggs when we started the experiment. In total, five foods differing in their content of protein (P) and digestible carbohydrates (C) were prepared: 3:1, 2:1, 1:1, 1:2 and 1:3. The protein content of all the foods consisted of a mix of calcium caseinate (Myopure), whey protein (Myopure) and whole egg powder (Myopure), while sucrose was the digestible carbohydrate. The quantity of whole egg powder was kept constant in each diet in order to keep the quantity of fat identical (Table 1). We added 2 g of Vanderzant vitamin mixture for insects (Sigma) and 1 g of Methyl 4hydroxybenzoate (Sigma) in each diet. No mineral supplement was necessary, as levels in protein powders were sufficient (Table 1). The food was presented to the insects in a 1.3 % agar solution at a 5:1 ratio of agar solution to dry mass of ingredients. Further preparation details are given below. Every two days experimental colonies received a 2 cm3 block of food of the five foods differing in their protein to carbohydrate ratio for 6 weeks. The first group of 6 experimental colonies received 3:1, the second group 2:1 and so on. The remains of the previous block of food were removed before giving a new one. All experimental colonies were provided with distilled water ad libitum. To assess colony performance the number of larvae and the number of dead ants within each experimental colony was evaluated after 6 weeks.
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Second experiment Ten colonies of R. metallica were collected in January 2007 in Sydney, Australia. All colonies were considered mature because males were present, signifying colony reproduction. The soil was soft in the collecting site, making it easy to excavate the nests and collect almost all colony members. We collected three groups of 250 workers (including gamergates, see above) from each colony, yielding a total of three groups of ten experimental colonies. These experimental colonies were housed in similar nest that the ones describe above. None of these experimental colonies had brood when we started the experiment. The first group of 10 experimental colonies was supplied with Bhatkar and Withcomb diet (1970). The second group of ten colonies received honey (15 % w/v) as well as 100 – 200 adult Drosophila melanogaster. The third group of ten colonies received our standardized diet with a protein to carbohydrate ratio 1:2. All the experimental colonies were fed twice a week (Monday and Thursday) for 8 weeks. Every experimental colony fed with artificial diet received a 2 cm3 cube of diet. The remains of the previous block food were removed before giving a new one. All experimental colonies were provided with distilled water ad libitum. Bhatkar-Whitcomb diet was modified using Vanderzant vitamin mixture for insects instead of the vitamin-mineral capsule (McKesson Bexel). The diet was prepared as follows: 500 ml distilled water were boiled with 10 g Agar-Agar (Sigma). Two raw eggs, 2 g of Vanderzant vitamin mixture for insects (Sigma) and 170 g honey were stirred into another 500 ml of water and mixed with the cooled agar solution. The mixture was poured into Petri dishes dish and stored at 48C (modified after Bhatkar and Whitcomb, 1970). The standardized diet was prepared as follows: 500 ml distilled water was boiled with 10 g Agar-Agar (Sigma). Into another volume of 250 ml was stirred 35 g whole egg powder (Myopure), 35 g whey protein (Myopure), 35 g calcium caseinate (Myopure), 2 g of Vanderzant vitamin mixture for insects (Sigma), 1 g of Methyl 4-hydroxybenzoate (Sigma) and 165 g sucrose (Sigma) and mixed with the agar solution. The mixture was poured into Petri dishes dish and stored at 48C. The detailed nutritional composition of the diet is presented in Table 2. To assess field colony performance, soon after collection, the number of workers, larvae and pupae within each colony was counted and 30 pupae per colony were weighed. For the experimental colonies, we counted the number of ants, pupae and larvae in each colony at the end of the experiment (after 8 weeks). We then weighed each pupa to evaluate colony performance (scale: XS105 Dual Range, Mettler Toledo, d=0.01 mg). To asses mortality in the experimental colonies we counted the number of dead ants in each nest.
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Table 2. Nutrient composition of the standardized artificial diet diluted in 1L water, based upon data provided by manufacturers of the ingredients. AMINO ACIDS (g)



VITAMINS (mg)



Isoleucine



4.37



Vitamin E



2.93



Leucine



8.57



Vitamin D



0.01



Valine



5.03



Vitamin A



0.01



Lysine



6.80



Vitamin C



0.54



Methionine



2.20



Thiamin (B1)



0.14



Phenylalanine



3.87



Riboflavin (B2)



0.61



Threonine



4.20



Niacin



4.72



Tryptophan



1.67



Pantothentic Acid



2.82



Alanine



3.50



Vitamin B6



0.09



Arginine



3.43



Folate



0.07



Aspartate



7.53



Vitamin B12



0.00



Cystine



1.13



Biotin



0.09



Glutamate



14.77



Retinol



0.29



Glycine



1.80



Alpha Tocopherol



2.73



Histidine



2.07



Alpha Tocotrienol



0.13



Proline



5.67



Beta Tocopherol



0.13



Serine



4.90



Gamma Tocopherol 0.26



Tyrosine



3.70



Choline chloride



0.10



Myo-inositol



0.04



CARBOHYDRATES (g) Sucrose



152.89 MINERALS (mg)



Lactose



1.73



LIPIDS (g) Saturated fatty acids



6.47



Mounounsaturated fatty acids 6.44



Calcium



466.67



Sodium



154.90



Copper



0.10



Iron



2.73



Magnesium



13.07



Polyunsaturated Fatty Acids



3.06



Manganese



0.07



Cholesterol



0.69



Phosphorus



266.57



Potassium



146.33



ANTIMICROBIAL AGENT (g)



Selenium



0.03



Methyl 4-hydroxybenzoate



Iodine



0.03



Zinc



0.03



1.00



First experiment After 6 weeks of feeding, ant mortality did differ significantly among experimental treatments (Table 3; MANOVA, P:C ratio effect on the number of dead ants F4,30=8.05; P 























des documents recommandant







[image: alt]





A Study of Mutual Insurance for Bank Deposits - Springer Link 

Key words: parisian options, deposit insurance, surveillance mechanisms, ... Relying also on options theory and Merton's financial tenets, we will develop.










 


[image: alt]





Existence of 3D Strong Solutions for a System ... - Springer Link 

Sep 24, 2015 - (7). 1 The identity matrix of R3Ã—3 is denoted by IR3 . 123 .... We extend this result to dimension 3 in a framework. 123 ...... 15, 341â€“363 (1974).










 


[image: alt]





A Study of Mutual Insurance for Bank Deposits - Springer Link 

Key words: parisian options, deposit insurance, surveillance mechanisms, ... Relying also on options theory and Merton's financial tenets, we will develop.










 


[image: alt]





Simple Statistical Gradient-Following Algorithms for ... - Springer Link 

One potentially useful feature of such a Gaussian unit is that the mean and variance of its output ... the particular case of a Gaussian unit as an example. Rather ...










 


[image: alt]





Simple Statistical Gradient-Following Algorithms for ... - Springer Link 

(For ease of exposition, we consistently use terminology and notation ... context of immediate-reinforcement tasks we also call each time step's cycle of ...... Cambridge, MA: Massachusetts Institute of Technology, Center for Cognitive Science.










 


[image: alt]





Fluctuations of macrobenthic populations: a link ... - Springer Link 

Abstract The Rhone river is the most important input to the Mediterranean Sea, responsible for 50% of the pri- mary productivity of the Gulf of Lions. A highly vari-.










 


[image: alt]





A dynamic theory of coordination of discrete movement - Springer Link 

In such a theory, the stability is an important ..... and can be maintained even with reduced sensory feed- .... Note, that through this local description the model parameters of the full dynamics can ... and target make sense: ...... Res Q Exercise.










 


[image: alt]





The Potential of Artemia-mediated Delivery of a ... - Springer Link 

Artemia-mediated delivery of a gonadotropin-releasing hormone analogue (GnRHa) to broodstock cardinal tetras showed the potential to induce ovulation, ...










 


[image: alt]





Impact of Expressive Wrinkles on Perception of a ... - Springer Link 

214. M. Courgeon, S. Buisine, and J.-C. Martin. 18. Levenson, R.W., Carstensen, L.L., Friesen, W.V., Ekman, P.: Emotion, physiology, and expression in old age.










 


[image: alt]





Stream Ciphers: A Practical Solution for Efficient ... - Springer Link 

ing for the Futureâ€� program under reference ANR-10-LABX-07-01, has been sup .... Most practical scenarios would likely find it important to distinguish between ... 1. an offline key-setup phase which only depends on Bob's public key and can be ....










 


[image: alt]





Bayesian Unsupervised Learning for Source ... - Springer Link 

tions which are abundant: unsu- pervised classification and segmentation, pattern recognition and ... duction of hidden variables representing the labels of.










 


[image: alt]





A connectionist central pattern generator for the ... - Springer Link 

Feb 11, 2000 - motor control. Furthermore ... ferent motor programs underly these typical gaits, with a ... The circuit can successfully control the speed, ...... in a model of the salamander's visual system (Eurich et al. .... electric signals in ca










 


[image: alt]





A motion aftereffect for long-range troboscopic ... - Springer Link 

wise, the adaptation parameters were the same as before (center ... Otherwise, the timing and proce- .... ward motion superimposed over the otherwise similar.










 


[image: alt]





Coral Farming - Springer Link 

There have been significant technical advances in marine aquarium maintenance in the last 20 years. It is now possible to maintain, grow and reproduce in ...










 


[image: alt]





The Potential for the Restoration of Marine Ornamental ... - Springer Link 

ornamental fish populations through hatchery releases. DAVID A. ZIEMANN. The Oceanic Institute, 41-202 Kalanianaole Highway, Waimanalo, HI 96795, USA.










 


[image: alt]





Models and algorithms for the reconfiguration of ... - Springer Link 

Jun 5, 2007 - The thesis, which is written in both French and English, has been defended on. 29 March 2007 and is available by email request to the author.










 


[image: alt]





Download - Springer Link 

Leg muscles were dissected out and weighed in- .... A vertebrate striated muscle fiber can contract to short lengths ..... close to the prediction of the simple theory.










 


[image: alt]





Lessons of the crisis for emerging markets - Springer Link 

Mar 17, 2010 - markets will rely (even) less on external finance and adopt a less permissive .... have larger stakes in domestic auto companies, they may become less ..... for infrastructure and other fixed-investment projects in the first half of.










 


[image: alt]





Logarithmic Sobolev Inequalities of Diffusions for the ... - Springer Link 

2Department of Mathematics, Wuhan University, 430072 Wuhan, China. (e-mail: [email protected]. (Received: 18 February 2005; accepted: ...










 


[image: alt]





Oligochaeta, Eudrilidae - Springer Link 

age 17 days after deposition and produced two juveniles on average. Paired individuals fed soil amended with 2% coffee residues grew significantly (P










 


[image: alt]





stimulation methods - Springer Link 

2UniversitÃ© d'Auvergne, Image-Guided Clinical Neuroscience and Connectomics ... Keywords Deep brain stimulation 4 Parkinson's disease 4 Essential tremor 4 ...










 


[image: alt]





Coastal Engineering - Springer Link 

The competent coastal engineer must develop a basic understanding of the characteristics and physical behavior of the coastal environment, as well as be.










 


[image: alt]





Download PDF - Springer Link 

Jul 30, 2014 - motors and/or absolute encoders on both axes. ...... finer control and monitoring of what happens at the system clock level. In any case, people interested .... narrow band filters rather than through integrated (visible) light. ......










 


[image: alt]





Neurosurgical Technique Novel application of ... - Springer Link 

Feb 26, 2007 - Novel application of computer-assisted cisternal endoscopy for the biopsy of pineal region tumors: cadaveric study. A. S. Youssef1, J. T. Keller2 ...










 














×
Report Description of a simple synthetic diet for studying ... - Springer Link





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



