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ÅStraight to the point ï an overview of key needs for 

lake research/management 

ÅWhat are the issues globally? 

ÅA plea for models 

ÅCase studies ï Rotorua lakes 

ÅSo? 
 



Point 1. Ecological processes in lakes will generally not follow 

linear trajectories expected from linear changes in external 

forcings (e.g. catchment nutrient loads) 

Scheffer et al. (2004) 

Souce: www.nature.com 



Lake Waihola, Otago 



Regime shift in a eutrophic Rotorua lake 

Ozkundakci et al. (2010), 

Ecological Engineering 

 



Effects of increasing nutrients loads on 

chlorophyll distributions (deep lakes) 

Increased external loading 

Natural/low external loading 

Deep chlorophyll maximum 

c. 1% of surface light 

Surface populations, ŷ 

buoyant species (including 

N-fixers) and horizontal 

variability 

 

D:/My Presentations/Cyano_top.mov


Hamilton et al. 2010, Aquatic Sciences 

Distributions of chlorophyll:  

Lake Taupo 



Lake Rotoiti 



Point 2. Reductions in external loading are fundamental to 

effective control of eutrophication. Diffuse sources now 

represent the greatest challenge to external nutrient 

reductions 



Lake Ngaroto, 
Waikato 



Point 3. Despite many years of theoretical, empirical and 

modelling studies, we have often failed to adequately capture 

and quantify nutrient loads, particularly stormloads 
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Changes in phosphorus 
concentrations in a stormflow event 

Jonathan Abell 

University of Waikato 



ΨhƭŘ ŀƎŜΩ ƎǊƻǳƴŘǿŀǘŜǊ ǘƻ Rotorua 

Hamurana 110 yr 

Ngongataha 16 yr 

Awahou 61 yr 

Waiowhero 42 yr 



Point 4. Opportunities exist to virtually revolutionise temporal 

and spatial coverage of lake ecosystems but require lake 

ecologists to adopt increasingly flexible, interdisciplinary 

communication linkages that may not necessarily initially be 

fully productive. 



 

éin the old days on Ellesmere 



New tools to study lakes: 
remote-sensing - high-frequency data - computer modelling 

Mat Allan, Waikato University 





Current Projects: 25 lakes 
Physical variability in temperate lakes: A global analysis of high-
frequency instrumented buoy  data from 25 temperate lakes. 



Science and communication 

ά{ŎƛŜƴǘƛǎǘǎ Ŏŀƴ ōŜ Ƴƻǎǘ ŜŦŦŜŎǘƛǾŜ ƛŦ ǘƘŜȅ ƳŀƪŜ ǘƘŜƛǊ ǊŜǎǳƭǘǎ 
ŀŎŎŜǎǎƛōƭŜ ǘƻ ƛƴǘŜǊŜǎǘŜŘ ƭŀȅǇŜǊǎƻƴǎέ 

Ludwig, D. 2001.  The era of management is over 
Ecosystems 4: 758-764  



{ƻΧǘƻ ƭŀƪŜǎ ŀŎǊƻǎǎ ǘƘŜ ƎƭƻōŜ 



Lake Taihu 
P.R. China 

Taihu 



Algal bloom evolution in Lake Taihu 
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1950  1970 

1994 

1980 

2000 







.ƛƎ ǇǊƻōƭŜƳΧŜȄǇŜƴǎƛǾŜ ǎƻƭǳǘƛƻƴΚ 



Lake Tahoe, California, USA 

Charles Goldman 

UC Davis 



Transparency in Lake Tahoe 
Secchi depth in m 

Charles Goldman, UC Davis 



Obvious culprits in 
loss of transparency 



Air pollution: A major cause of loss of  
water transparency in Lake Tahoe 

Charles Goldman, UC Davis 



Lake Mendota, Madison, 
Wisconsin, USA 
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Drought Drought in Australia: 2008 



Response to drought at  
Milang, Lake Alexandrina 

Oct 2006 Jan 2008 



Floods and drought in Australia: 2010 



http://i.telegraph.co.uk/multimedia/archive/01797/australia-flood_1797071b.jpg 

From drought to flood: 
unprecedented rainfall in eastern Australia 



Lake Kinneret, Israel  
όŎΦ пл҈ ƻŦ LǎǊŀŜƭΩǎ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊύ 
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Denmark: the challenge of non-point source pollution 

Source: Erik Jeppesen 



ά²ƘŜƴ ŀƴ ƛǎǎǳŜ ōŜŎƻƳŜǎ ƘƛƎƘƭȅ ŎƻƴǘǊƻǾŜǊǎƛŀƭ ǿƘŜƴ ƛǘ ƛǎ 
ǎǳǊǊƻǳƴŘŜŘ ōȅ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ŀƴŘ ŎƻƴŦƭƛŎǘƛƴƎ ǾŀƭǳŜǎΧ ǘƘŜǊŜ ŀǊŜ 
experts for the affirmative and experts for the negative. We 
Ŏŀƴƴƻǘ ǎŜǘǘƭŜ ǎǳŎƘ ƛǎǎǳŜǎΧέ 

Simon HA. 1983. Reason in human 
affairs. Stanford University Press.  

Diffuse pollution ς perhaps the 
most difficult case 



tƻƭŀǊƛǎŀǘƛƻƴΧ 

ÅEconomism is the placing of an exceptional and inordinate 
emphasis upon economic values in contradistinction to all 
others 

Å{ŎƛŜƴǘƛǎƳ ƛǎ ǘƘŜ ōŜƭƛŜŦ ǘƘŀǘ ǎŎƛŜƴŎŜΧƛǎ ƛƴƘŜǊŜƴǘƭȅ ŎŀǇŀōƭŜ ƻŦ 
solving almost all human problems. 

ÅTechnocracy represents an effort to achieve policy solutions 
by recourse to technological innovation or through what is 
sometimes called a "technological fix."  

 
Caldwell LK. 1990. Between two worlds: science, the 

environ-mental movement and policy choice. Cambridge 

University Press.  



!ƴŘ ŦƻǊ ¢Ŝ ²ŀƛƘƻǊŀΧ 
even more difficult 

ÅNutrients 

ÅMahinga kai 

ÅWater level regimes 

ÅClimate change 

ÅWind and sediments 



wƻǘƻǊǳŀ ƭŀƪŜǎΩ ¢ŜŎƘƴƛŎŀƭ !ŘǾƛǎƻǊȅ DǊƻǳǇ 

ñIf you donôt deliver then our people will be planning and 

writing policy without your science inputò 

 

ñI need the science to record our on-ground restoration effortsò 

 

You wonôt get it [the science] 100% but it will be necessary to 

use it for our policies and plans 



Delevan Lake, Wisconsin, USA 



Inlet extension 

Lake Delevan, Wisconsin, USA 



Rotenone application, Delevan Lake 



Rotenone application effects, Delevan Lake 


