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                    Abstract
Non-indigenous North American Daphnia ‘pulex’ has recently invaded lakes and reservoirs in South Island, New Zealand, that formerly contained only native Daphnia
                carinata. New Zealand is characterised by a wide range of freshwater ecosystems and low species diversity of planktonic crustaceans, particularly Cladocera. The potential success of a species to invade and establish in a new community is likely to be predicted more accurately when reproductive response norms and fitness of key resident species, as well as the non-indigenous species, have been established under a range of relevant environmental conditions. Based on the results of experiments to test aspects of reproduction and fitness of the invader, D. ‘pulex’, and D. carinata when grown together at a range of relevant temperatures (8–23 °C) and related photoperiods, I predict the species-specific potential of D. ‘pulex’ to be dispersed and colonise New Zealand lentic habitats, and the potential of D. carinata to persist with the invader in these habitats. Larger population densities of D. ‘pulex’ compared to D. carinata at higher temperatures and food level, and larger densities of D. carinata at low temperatures, imply a potential for both species to coexist in New Zealand lakes, facilitated by seasonal succession; increased water temperature and nutrient input associated with climate and land use changes appear likely to promote the wider establishment of D. ‘pulex’, with both negative and positive implications for the conservation and management of New Zealand’s freshwater ecosystems.



                    
    


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

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Temperature increase altered Daphnia community structure in artificially heated lakes: a potential scenario for a warmer future
                                        
                                    

                                    
                                        Article
                                         Open access
                                         18 August 2020
                                    

                                

                                Marcin K. Dziuba, Magdalena Herdegen-Radwan, … Slawek Cerbin

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Ecological processes mediate the effects of the invasive bloom-forming diatom Didymosphenia geminata on stream algal and invertebrate assemblages
                                        
                                    

                                    
                                        Article
                                        
                                         21 October 2019
                                    

                                

                                J. P. Bray, C. Kilroy, … J. S. Harding

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Predictability of the impact of multiple stressors on the keystone species Daphnia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         04 December 2018
                                    

                                

                                Maria Cuenca Cambronero, Hollie Marshall, … Luisa Orsini

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abrusan G, Fink P, Lampert W (2007) Biochemical limitation of resting egg production in Daphnia. Limnol Oceanogr 52:1724–1728
Article 
    CAS 
    
                    Google Scholar 
                

	Benzie JAH (2005) The genus Daphnia (including Daphniopsis) (Anomopoda: Daphniidae). Backhuys Publishers, Leiden. Guides to the identification of the microinvertebrates of the continental waters of the world. Dumont HJF coordinating editor ISSN 0928-2440

	Burns CW (1998) Planktonic interactions with an austral bias: implications for biomaipulation. Lake Reservoir Res Mgt 3:95–104
Article 
    
                    Google Scholar 
                

	Burns CW, Mitchell SF (1980) Seasonal succession and vertical distribution of zooplankton in Lake Hayes and Lake Johnson. NZ J Mar Freshw Res 14:189–204
Article 
    
                    Google Scholar 
                

	Burns CW, Brett MT, Schallenberg M (2011) A comparison of the trophic transfer of fatty acids in freshwater plankton by cladocerans and calanoid copepods. Freshw Biol 56:889–903
Article 
    
                    Google Scholar 
                

	Cáceres CE (1997) Dormancy in invertebrates. Invert. Biol 116:371–383

                    Google Scholar 
                

	Carvalho GR (1987) The clonal ecology of Daphnia magna (Crustacea:Cladocera): II Thermal differentiation among seasonal clones. J Anim Ecol 56:469–478
Article 
    
                    Google Scholar 
                

	Carvalho GR, Crisp DJ (1987) The clonal ecology of Daphnia magna (Crustacea:Cladocera): I Temporal changes in the clonal structure of a natural population. J Anim Ecol 56:453–468
Article 
    
                    Google Scholar 
                

	Carvalho GR, Hughes RN (1983) The effect of food availability, female culture density and photoperiod on ephippia production in Daphnia
                  magna Straus (Crustacea: Cladocera). Freshw Biol 13:37–46
Article 
    
                    Google Scholar 
                

	Chapman MA, Lewis MH (1976) An introduction to the freshwater Crustacea of New Zealand. Collins, Auckland and London

                    Google Scholar 
                

	Davis MA, Grime JP, Thompson K (2000) Fluctuating resources in plant communities: a general theory of invasibility. J Ecol 88:528–534
Article 
    
                    Google Scholar 
                

	DeMott WR (1983) Seasonal succession in a natural Daphnia assemblage. Ecol Monogr 53:321–340
Article 
    
                    Google Scholar 
                

	Duggan IC, Robinson KV, Burns CW, Banks JC, Hogg ID (2012) Identifying invertebrate invasions using morphological and molecular analyses: North American Daphnia ‘pulex’ in New Zealand fresh waters. Aquat Invasions 7 (in press)

	Dzialowski AR (2010) Experimental effect of consumer identity on the invasion success of a non-native cladoceran. Hydrobiologia 652:139–148
Article 
    
                    Google Scholar 
                

	Giller PS, Hillebrand H, Berninger U-G, Gessner MO, Hawkins S, Inchausti P, Inglis C, Leslie H, Malmqvist B, Monaghan MT, Morin PJ, O’Mullan G (2004) Biodiversity effects on ecosystem functioning: emerging issues and their experimental test in aquatic environments. Oikos 104:423–436
Article 
    
                    Google Scholar 
                

	Hairston NG Jr, Cáceres CE (1996) Distribution of crustacean diapause: micro- and macro-evolutionary pattern and process. Hydrobiologia 320:27–44
Article 
    
                    Google Scholar 
                

	Hairston NG Jr, Lampert W, Cáceres CE, Holtmeier CL, Weider LJ, Gaedke U, Fischer JM, Fox JA, Post DA (1999) Rapid evolution revealed by dormant eggs. Nature 401:446

                    Google Scholar 
                

	Hall DJ, Threlkeld ST, Burns CW, Crowley PH (1976) The size-efficiency hypothesis and the size structure of zooplankton communities. Ann Rev Ecol Systematics 7:177–208
Article 
    
                    Google Scholar 
                

	Havel JE, Graham JL (2006) Complementary population dynamics of exotic and native Daphnia in North American reservoir communities. Arch Hydrobiol 167:245–264
Article 
    
                    Google Scholar 
                

	Havel JE, Lee CE, Vander Zanden MJ (2005) Do reservoirs facilitate invasions into landscapes? Bioscience 55:518–525
Article 
    
                    Google Scholar 
                

	Hebert PDN (1977) Niche overlap among species in the Daphnia
                  carinata complex. J Anim Ecol 46:399–409
Article 
    
                    Google Scholar 
                

	Hebert PDN, Schwartz SS, Ward RD, Finston TL (1993) Macrogeographic patterns of breeding system diversity in the Daphnia-pulex group 1. Breeding systems of Canadian populations. Heredity 70:148–161
Article 
    
                    Google Scholar 
                

	Jolly VH, Chapman MA (1977) The comparative limnology of some New Zealand lakes 2. Plankton. NZ J Mar Freshw Res 11:307–340
Article 
    
                    Google Scholar 
                

	Kennedy TA, Naeem S, Howe KM, Knops JMH, Tilman D, Reich P (2002) Biodiversity as a barrier to ecological invasion. Nature 417:636–638
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Koch U, von Elert E, Straile D (2009) Food quality triggers the reproductive mode in the cyclical parthenogen Daphnia (Cladocera). Oecologia 159:317–324
Article 
    PubMed 
    
                    Google Scholar 
                

	Koch U, Martin-Creuzburg D, Grossart H-P, Straile D (2011) Single dietary amino acids control resting egg production and affect population growth of a key freshwater herbivore. Oecologia 167:981–989
Article 
    PubMed 
    
                    Google Scholar 
                

	Kolar CS, Lodge DM (2001) Progress in invasion biology: predicting invaders. TREE 16:109–204

                    Google Scholar 
                

	Laska MA, Wootton JT (1998) Theoretical concepts and empirical approaches to measuring interaction strength. Ecology 79:461–476
Article 
    
                    Google Scholar 
                

	Lennon JT, Smith VH, Williams K (2001) Influence of temperature on exotic Daphnia
                  lumholtzi and implications for invasion success. J Plankton Res 23:425–433
Article 
    
                    Google Scholar 
                

	Lennon JT, Smith VH, Dzialowski AR (2003) Invasibility of plankton food webs along a trophic state gradient. Oikos 103:191–2003
Article 
    
                    Google Scholar 
                

	Levine JM, D’Antonio CM (1999) Elton revisited: a review of evidence linking diversity and invasibility. Oikos 87:15–26
Article 
    
                    Google Scholar 
                

	Livingstone ME, Biggs BJ, Gifford JS (1986) Inventory of New Zealand Lakes Part II South Island. Water and Soil Miscellaneous Publication No. 81. ISSN 0110-4705 Published for the National Water and Soil Conservation Authority by the Water and Soil Directorate, Ministry of Works and Development, Wellington, New Zealand

	Loaring JM, Hebert PDN (1981) Ecological differences among clones of Daphnia
                  pulex Leydig. Oecologia 51:161–168
Article 
    
                    Google Scholar 
                

	Lodge DM (1993) Biological invasions: lessons for ecology. TREE 8:133–137
PubMed 
    CAS 
    
                    Google Scholar 
                

	MacDougall AS, Gilbert B, Levine JM (2009) Plant invasions and the niche. J Ecol 97:609–615
Article 
    
                    Google Scholar 
                

	MacIsaac HJ, Hebert PDN, Schwartz SS (1985) Inter- and intraspecific variation in acute thermal tolerance of Daphnia. Physiol Zool 58:350–355

                    Google Scholar 
                

	Ministry for the Environment (2008) Climate change effects and impacts assessment: A guidance manual for local government in New Zealand. Mullan B, Wratt D, Dean S, Hollis M, Allan S, Williams T, Kenny G, MfE. Ministry for the Environment, Wellington

	Moles AT, Gruber MAM, Bonser SP (2008) A new framework for predicting invasive plant species. J Ecol 96:13–17

                    Google Scholar 
                

	Neill WE (1978) Experimental studies on factors limiting colonization by Daphnia
                  pulex Leydig of coastal montane lakes in British Columbia. Can J Zool 56:2498–2507
Article 
    
                    Google Scholar 
                

	Shea K, Chesson P (2002) Community ecology theory as a framework for biological invasions. TREE 17:170–176

                    Google Scholar 
                

	Shurin JB (2000) Dispersal limitation, invasion resistance, and the structure of pond zooplankton communities. Ecology 81:3074–3086
Article 
    
                    Google Scholar 
                

	Stockner JG, Porter KG (1988) Microbial food webs in freshwater planktonic ecosystems. In: Carpenter SR (ed) Complex interactions in lake communities. Springer-Verlag, New York, p 283

                    Google Scholar 
                

	Stross RG (1969) Photoperiod control of diapause in Daphnia. III Two-stimulus control of long-day, short-day induction. Biol Bull 137:359–374
Article 
    
                    Google Scholar 
                

	Stross RG (1987) Photoperiodism and phased growth in Daphnia populations: coactions in perspective. In: Peters RH, de Bernardi R (eds) Daphnia. Memorie dell’Istituto Italiano di Idrobiologia 45:413–437, Consiglio Nazionale delle Ricerche—Verbana Pallanza

	Tappa DW (1965) The dynamics of the association of six species of Daphnia in Aziscoos Lake, Maine. Ecol Monogr 35:395–423
Article 
    
                    Google Scholar 
                

	Vanni MJ (1986) Competition in zooplankton communities: suppression of small species by Daphnia
                  pulex. Limnol Oceanogr 31:1039–1056
Article 
    CAS 
    
                    Google Scholar 
                

	Wright JC (1965) The population dynamics and production of Daphnia in the Canyon Ferry Reservoir, Montana. Limnol Oceanogr 10:583–590
Article 
    
                    Google Scholar 
                


Download references




Acknowledgments
This research was supported by funds allocated from the Public Good Research Fund and University of Otago. I thank Marc Schallenberg for comments on the draft manuscript.


Author information
Authors and Affiliations
	Department of Zoology, University of Otago, Box 56, Dunedin, New Zealand
Carolyn W. Burns


Authors	Carolyn W. BurnsView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Carolyn W. Burns.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Burns, C.W. Predictors of invasion success by Daphnia species: influence of food, temperature and species identity.
                    Biol Invasions 15, 859–869 (2013). https://doi.org/10.1007/s10530-012-0335-5
Download citation
	Received: 12 January 2012

	Accepted: 30 August 2012

	Published: 28 September 2012

	Issue Date: April 2013

	DOI: https://doi.org/10.1007/s10530-012-0335-5


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
	Invasion susceptibility
	Zooplankton traits
	Zooplankton interaction strength
	
                Daphnia pulex
              
	Global warming








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            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
						
						
					


		
	
	
		
			
				
					
					54.152.29.37
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    