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                    Abstract
Two models are proposed to simulate population growth of species with mature stage and immature stage in which there are parental cares for immature. It is assumed that the protection of mature to their immature reduces mortality of immature at the cost of reduction of reproduction. Dynamical adaptation of parental care is incorporated into the models, one of which is described with the proportional transition rate from immature to mature (ODE model) and the other one is described with a transition rate from immature to mature according to a fixed age (DDE model). For the ODE model, it is shown that the adaptation of parental care enlarges the possibility of species survival in the sense that population is permanent under the influences of the adaptation, but becomes extinct in the absence of adaptation. It is proved that the outcome of the adaptation makes the population in an optimal state. It is also observed that there are parental care switches, from noncare strategy to care strategy, as the natural death rate of immature individuals increases. The analysis of the DDE model indicates that the adaptation also enlarges the opportunity of population persistence, but the stage delay has the tendency to hinder the movement of population evolution to the optimal state. It is found that the loss rate of immature in the absence of parental care can induce different patterns to disturb the adaptation of population to optimal state. However, it is shown that the adaptation of parental care approaches to the optimal state when parental care is required for the survival of the population, for example, when the loss rate of immature or competition among mature increases or the fecundity decreases.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Effect of Harvesting Adults on the Evolution of Reproduction Age Via Density-Dependent Juvenile Mortality
                                        
                                    

                                    
                                        Article
                                        
                                         08 September 2021
                                    

                                

                                Shuyang Xue, Meili Li, … Jia Li

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Delayed plumage maturation in birds and the significance of condition-dependent parental care
                                        
                                    

                                    
                                        Article
                                        
                                         09 April 2015
                                    

                                

                                Nan Lyu, Huw Lloyd & Yue-Hua Sun

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Emergence of Complex Dynamics during the Evolution of a Structured Limited Population
                                        
                                    

                                    
                                        Article
                                        
                                         01 June 2020
                                    

                                

                                G. P. Neverova, O. L. Zhdanova & E. Ya. Frisman

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	
Abrams, P.A., 2000. The evolution of predator-prey interactions: theory and evidence. Annu. Rev. Ecol. Syst. 31, 79”05.

Article 
    
                    Google Scholar 
                

	
Abrams, P.A., 2007. Habitat choice in predator-prey systems: spatial instability due to interacting adaptive movements. Am. Nat. 169, 581”94.

Article 
    
                    Google Scholar 
                

	
Abrams, P.A., Cressman, R., Krivan, V., 2007. The role of behavioral dynamics in determining the patch distributions of interacting species. Am. Nat. 169, 505”18.

Article 
    
                    Google Scholar 
                

	
Aiello, W., Freedman, H., 1990. A time delay model of single-species growth with stage structure. Math. Biosci. 101, 139”53.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Aiello, W., Freedman, H., Wu, J., 1992. Analysis of a model representing stage-structured population growth with state-dependent time delay. SIAM J. Appl. Math. 52, 855”69.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Bruno, A.B., Requena, G.S., Martins, E.G., Machado, G., 2007. Effects of maternal care on the lifetime reproductive success of females in a neotropical harvestman. J. Anim. Ecol. 76, 937”45.

Article 
    
                    Google Scholar 
                

	
de Roos, A.M., Persson, L., Thieme, H.R., 2003. Emergent allee effects in top predators feeding on structured prey populations. Proc. R. Soc. Lond. B 270, 611”18.

Article 
    
                    Google Scholar 
                

	
DeAngelis, D.L., Vos, M., Mooij, W.M., Abrams, P.A., 2006. Feedback Effects between the Food Chain and Induced Defense Strategies. Fundamental Ecology: From Energetics to Food Webs. Springer, Dordrecht.


                    Google Scholar 
                

	
Dieckmann, U., Law, R., 1996. The dynamical theory of coevolution: a derivation from stochastic ecological processes. J. Math. Biol. 34, 579”12.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Forbes, L.S., Mock, D.W., 1998. Parental optimism and progeny choice: when is screening for offspring quality affordable? J. Theor. Biol. 192, 3”4.

Article 
    
                    Google Scholar 
                

	
Geritz, S.A.H., Kisdi, E., Meszéna, G., Metz, J.A.J., 2004. Adaptive dynamics of speciation: ecological underpinnings. In: Dieckmann, U., Doebeli, M., Metz, J.A.J., Tautz, D. (Eds.), Adaptive Speciation, pp. 54”5. Cambridge University Press, Cambridge.


                    Google Scholar 
                

	
Gourley, S.A., Kuang, Y., 2004. A stage structured predator-prey model and its dependence on maturation delay and death rate. J. Math. Biol. 49, 188”00.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Gourley, S.A., Kuang, Y., 2005. A delay reaction-diffusion model of the spread of bacteriophage infection. SIAM J. Appl. Math. 65, 550”66.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Hofbauer, J., Sigmund, K., 1998. Evolutionary Games and Population Dynamics. Cambridge University Press, Cambridge.

MATH 
    
                    Google Scholar 
                

	
Houston, A.I., Székely, T., McNamara, J.M., 2005. Conflict between parents over care. Trends Ecol. Evol. 20, 33”8.

Article 
    
                    Google Scholar 
                

	
Kostova, T., Li, J., Friedman, M., 1999. Two models for competition between age classes. Math. Biosci. 157, 65”9.

Article 
    MathSciNet 
    
                    Google Scholar 
                

	
Krivan, V., 2007. The Lotka–Volterra predator-prey model with foraging-predation risktrade-offs. Am. Nat. 170, 771”82.

Article 
    
                    Google Scholar 
                

	
Lessells, C.M., 1998. A theoretical framework for sex-biased parental care. Anim. Behav. 56, 395”07.

Article 
    
                    Google Scholar 
                

	
Metz, J.A.J., Nisbet, R.M., Geritz, S.A.H., 1992. How should we define “fitness” for general ecological scenarios? Trends Ecol. Evol. 7, 198”02.

Article 
    
                    Google Scholar 
                

	
Nisbet, R.M., Gurney, W.S.C., 1983. The systematic formulation of population models for insects with dynamically varying instar duration. Theor. Pop. Biol. 23, 114”35.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Reynolds, J.D., Goodwin, N.B., Freckleton, R.P., 2002. Evolutionary transitions in parental care and live bearing in vertebrates. Philos. Trans. R. Soc. B: Biol. Sci. 357, 269”81.

Article 
    
                    Google Scholar 
                

	
Seno, H., Endo, H., 2007. A mathematical model on the optimal timing of offspring desertion. J. Theor. Biol. 246, 555”63.

Article 
    MathSciNet 
    
                    Google Scholar 
                

	
Smith, H.L., 1995. Monotone Dynamical Systems. An Introduction to the Theory of Competitive and Cooperative Systems. Math. Surveys and Monographs, vol. 41. American Mathematical Society, Providence.

MATH 
    
                    Google Scholar 
                

	
Takeuchi, Y., Wang, W., Saito, Y., 2006. Global stability of population models with patch structure. Nonlinear Anal. Real World Appl. 7, 235”47.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Thieme, H.R., 2003. Mathematics in Population Biology. Princeton University Press, Princeton.

MATH 
    
                    Google Scholar 
                

	
Wang, W., Chen, L., 1997. A predator-prey system with stage-structure for predator. Comput. Math. Appl. 33, 83”1.

Article 
    
                    Google Scholar 
                

	
Wang, W., Zhao, X., 2005. An age-structured epidemic model in a patchy environment. SIAM J. Appl. Math. 65, 1597”614.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Wang, W., Zhao, X., 2006. An epidemic model with population dispersal and infection period. SIAM J. Appl. Math. 66, 1454”472.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Wang, W., Mulone, G., Salemi, F., Salone, V., 2001. Permanence and stability of a stage-structured predator-prey model. J. Math. Anal. Appl. 262, 499”28.

Article 
    MathSciNet 
    MATH 
    
                    Google Scholar 
                

	
Wang, W., Takeuchi, Y., Saito, Y., Nakaoka, S., 2006. Prey-predator system with parental care for predators. J. Theor. Biol. 241, 451”58.

Article 
    MathSciNet 
    
                    Google Scholar 
                

	
Wang, W., Nakaoka, S., Takeuchi, Y., 2008. Invest conflicts of adult predators. J. Theor. Biol. 253(1), 12”3.

Article 
    
                    Google Scholar 
                

	
Yaniv, O., 2005. An asymmetric parental investment conflict with continuous strategy sets. J. Theor. Biol. 237, 245”56.

Article 
    MathSciNet 
    
                    Google Scholar 
                

	
Zhao, X., 2003. Dynamical Systems in Population Biology. CMS Books in Mathematics, vol. 16. Springer, New York.

MATH 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Graduate School of Science and Technology, Shizuoka University, Hamamatsu, 432-8561, Japan
Yasuhiro Takeuchi & Shingo Iwami

	Key Laboratory of Eco-environments in Three Gorges Reservoir Region, School of Mathematics and Statistics, Southwest University, Chongqing, 400715, People’s Republic of China
Wendi Wang

	Graduate School of Mathematical Sciences, The University of Tokyo, 3-8-1 Komaba, Meguro, Tokyo, 153-8914, Japan
Shinji Nakaoka


Authors	Yasuhiro TakeuchiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Wendi WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shinji NakaokaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shingo IwamiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Yasuhiro Takeuchi.


Additional information
The research was supported by Heiwa–Nakajima Fund and National Science Fund of China (No. 10571143).
The research was partly supported by the Sasakawa Scientific Research Grant from The Japan Science Society.
The research was supported by Research Fellowships of the Japan Society for the Promotion of Science for Young Scientists.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Takeuchi, Y., Wang, W., Nakaoka, S. et al. Dynamical Adaptation of Parental Care.
                    Bull. Math. Biol. 71, 931–951 (2009). https://doi.org/10.1007/s11538-008-9388-0
Download citation
	Received: 04 June 2008

	Accepted: 05 December 2008

	Published: 20 February 2009

	Issue Date: May 2009

	DOI: https://doi.org/10.1007/s11538-008-9388-0


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Parental care
	Adaptation
	Stage
	Stability
	Optimal








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
We’re sorry, something doesn't seem to be working properly.
 Please try refreshing the page. If that doesn't work, please contact support so we can address the problem.



                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					52.54.220.31
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    