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Abstract 

Wildlife exploitation is encumbered with uncertainty.  To ensure sustainability of 

wildlife populations managers must understand the consequences of, and account for, 

uncertainty in their decisions.  This is most pertinent if the goal is to optimise or 

maximise the harvest or take.   

 

Uncertainty can be separated into four main categories:  environmental variation, 

partial management control, structural uncertainty (e.g., density dependence) and 

partial observability.  This thesis examines the first three categories in the context of 

mallard (Anas platyrhynchos) and parera (grey duck, A. superciliosa) harvest in New 

Zealand, and specifically addresses sustainable and maximum annual mallard harvest. 

 

A simple heuristic harvest model is proposed to represent a population subject to a 

seasonal annual harvest.  The heuristic model is then converted into a series of 

quantitative models that can be used to predict the effect of regulations on hunter 

behaviour (partial management control).  Specifically, how regulations may affect 

hunter effort (hours hunted) and the consequences of hunter effort on, harvest rates, 

survival, and productivity.  Survival and productivity were further evaluated as a 

function of post-harvest population size (structural uncertainty).  Harvest rate, 

survival, and productivity data were derived from 22,500 (1,024 recaptures; 3100 

recoveries) mallard and parera banded from 1997 to 2009 in the Eastern and Hawke’s 

Bay Fish and Game Regions and a telemetry study of 46 mallard in the Eastern 

Region.  Harvest data and reporting rate estimates were derived from a randomised 

hunter survey over the study period. 

 

In the Eastern Region hunter effort explained changes in survival better than any of 

the other candidate models ( 851.0=iw ).  In the Hawke’s Bay changes in survival was 

explained by changes in season length ( 334.0=iw ), hunter effort ( 739.0=∆ cQAIC ; 

231.0=iw ), and spring temperature in the year of banding (SpcT) ( 53.1.0=∆ cQAIC ; 

155.0=iw ).  Correlation of harvest rates and effort approached significance 

(P=0.053) in the Eastern Region for adults only while in the Hawke’s Bay data there 

was no relationship.  This was assumed a consequence of reporting rate confounding 



 

harvest rate estimates as correlation between hunter effort and harvest was good in 

both Eastern (R=0.85, t(10)=5.3193, P<0.001) and Hawke’s Bay (R=0.76, t(8) = 3.3878, 

P = 0.0095). 

 

A deterministic model was developed (from the quantitative models), to maximise 

annual harvest subject to the criteria that harvest should not compromise the ability to 

maximise the following season’s harvest.  The performance of the quantitative models 

was validated using a partially stochastic model to simulate harvest.  Harvest 

simulations were used to predict 2010 (outside of the study period) harvest (41,549 

mallard and parera; SE=3,552) in the Eastern Fish and Game Region. Simulations 

predicted harvest accurately (42,045; SE=1,992).  Simulations indicated that mallard 

harvest was not sustainable over a 10 year period when juvenile female: adult female 

ratios 8.0≤  when constrained by Eastern Regions regulation set (season length 30 to 

71 days).  When productivity increased ( 95.0≥  juvenile female: adult female) long 

term harvest was viable under the most relaxed season constraint (71 days).  This has 

important implications when managing breeding habitat.    

 

It was proposed that managing populations within similar climate zones would reduce 

environmental uncertainty.  Survival of mallard and parera were analyzed using a set 

of linear climate covariate models fitted to data from 91,500 mallard and parera 

banded throughout New Zealand (1969–2009).  Climate explained changes in survival 

better than or was comparable to the alternate candidate models in 11 of 17 data sets.   

 

The quantitative models in this thesis provide a platform for Fish and Game managers 

to initiate an adaptive management approach to mallard and parera harvest 

management in New Zealand.   

 

Should Fish and Game wish to review current mallard and parera management areas, 

establishing management units on homogenous climate zones would contribute to 

creating a good management system.  

 
  



 

Acknowledgements 

I would like to acknowledge and thank my supervisor, Doug Armstrong who had to 

read multiple drafts of this thesis from beginning to end!  New Zealand Fish and 

Game for their contribution towards my study fees.  Eastern Fish and Game Council 

who provided the opportunity, and Eastern staff who assisted with the banding and 

unselfishly covered for me in my quest to get this thesis finished.  To David Klee 

from Auckland Waikato Fish and Game who collaborated with me on the telemetry 

work.  I would like to thank Wildlife Service, Acclimatisation Societies, and Staff at 

Hawke’s Bay Fish and Game who helped with, and undertook, banding in other 

regions.  To the late Rod Cossie who facilitated access to the Department of 

Conservation banding records.  Richard Barker who took time out to tutor me in 

Program MARK, and assist with many of my inane questions.  I would also like to 

thank Richard for his support and assistance with statistical problems over the years 

but most importantly for his humour.   I would like to make special mention of 

Murray Williams for his encouragement to write this thesis but more importantly for 

his inspiration and mentoring over the years.  To my parents who have always shown 

support and encouragement. 

 

Most importantly I would like to thank my wife Karen for her eternal optimism, 

unwavering support, and encouragement, and to Joshua and Emma who missed out on 

weekends with their dad while I wrote this thesis.    

 

 



Table of Contents  - i - 

 

Table of Contents 

 

 

 

Abstract .................................................................................................................................................... i 

Acknowledgements ................................................................................................................................ iii 

CHAPTER 1 .................................................................................................... 1 

Mallard and Parera (Grey Duck) Management in New Zealand ....................................................... 1 
Introduction ......................................................................................................................................... 1 
Game Bird Management in New Zealand ........................................................................................... 3 
Thesis Objectives and Format............................................................................................................ 10 

CHAPTER 2 .................................................................................................. 12 

Optimal harvest strategies utilising an adaptive management framework. .................................... 12 
Introduction ....................................................................................................................................... 12 
Management Goals and Objectives ................................................................................................... 12 
Management Options ......................................................................................................................... 13 
State Dependent Strategy ................................................................................................................... 15 
Methods ............................................................................................................................................. 22 
Partial Management Control- Results ................................................................................................ 37 
Season Regulations and Survival ....................................................................................................... 50 
Harvest and Harvest Rates ................................................................................................................. 61 
Season Regulations and Recruitment................................................................................................. 69 
Partial Management Control in Summary ......................................................................................... 69 
Structural Uncertainty ........................................................................................................................ 71 
Post Harvest Population size and recruitment.................................................................................... 78 
Regulation Strategy ........................................................................................................................... 81 
SDS and Adaptive Management ........................................................................................................ 96 
Optimal Harvest Strategy Summary ................................................................................................ 102 

CHAPTER 3 ................................................................................................ 104 

Can Climatic Covariates Explain Temporal And Spatial Variation In Mallard and Parera 

Survival In New Zealand? ................................................................................................................. 104 
Introduction ..................................................................................................................................... 104 
Methods ........................................................................................................................................... 109 
Study Area ....................................................................................................................................... 110 
Results ............................................................................................................................................. 113 
Discussion ........................................................................................................................................ 133 
Support for the climate models ........................................................................................................ 139 
Management Implications ............................................................................................................... 141 
Climate Covariate Summary ............................................................................................................ 142 

CHAPTER 4 ................................................................................................ 143 

Conclusion ........................................................................................................................................... 143 



Table of Contents  - ii - 

 

Appendix A ......................................................................................................................................... 151 
Trapping, Aging and Sexing Mallard and Grey Duck ..................................................................... 151 

Appendix B .......................................................................................................................................... 159 
Productivity Estimates ..................................................................................................................... 159 

Appendix C ......................................................................................................................................... 160 
East Coast Recapture & Recovery Arrays ....................................................................................... 160 

Appendix D ......................................................................................................................................... 161 
National Mallard monitoring units .................................................................................................. 161 

REFERENCES ............................................................................................ 165 

 
 

 

TABLE 2.1: CANDIDATE MODEL SET AND EXPLANATION ...................................................... 26 
TABLE 2.2:  MODELS OF AVERAGE EFFORT SPENT HUNTING WATERFOWL PER LICENCE 

HOLDER IN THE EASTERN REGION.  YR=YEAR; HU =NUMBER OF LICENCE 
HOLDERS; SL = SEASON LENGTH; WT = WINTER TEMPERATURE (WHAKATANE 
AWS); WR = WINTER RAIN (WHAKATANE AWS). ............................................................. 42 

TABLE 2.3:  MODELS OF TOTAL EFFORT SPENT HUNTING WATERFOWL IN THE 
EASTERN REGION.  HU =LICENCE HOLDERS; SL = SEASON LENGTH; WT = WINTER 
TEMPERATURE (WHAKATANE AWS); WR = WINTER RAIN (WHAKATANE AWS). ... 43 

TABLE 2.4:  MODELS OF AVERAGE EFFORT SPENT HUNTING WATERFOWL IN THE 
HAWKE’S BAY REGION.  YR=YEAR, HU =LICENCE HOLDERS; SL = SEASON 
LENGTH; WT = WINTER TEMPERATURE (NAPIER AWS); WR = WINTER RAIN 
(NAPIER AWS)............................................................................................................................ 49 

TABLE 2.5. BETA ESTIMATES OF LINEAR EFFORT MODEL FOR THE EASTERN REGION . 52 
TABLE 2.6. BETA ESTIMATES OF LINEAR SL ADULT FEMALE MALLARD SURVIVAL 

MODEL FOR THE EASTERN REGION. ................................................................................... 52 
TABLE 2.7. MODELS OF SURVIVAL, RECAPTURE, RECOVERY AND FIDELITY 

PARAMETERS OF 15,747 MALLARD BANDED 1997-2009 IN THE EASTERN REGION 
MODELS RANKED ON QAICC (C-HAT 1.1304).  S= SURVIVAL, P=RECAPTURE, R= 
CONDITIONAL RECOVERY RATE, F= FIDELITY, SL= SEASON LENGTH, BL= BAG 
LIMIT, H= TOTAL HARVEST; E= EFFORT; WR= WINTER RAIN, WT= WINTER 
TEMPERATURE SUR = SUMMER RAIN, SUT= SUMMER TEMPERATURE, SPPT= 
SPRING TEMPERATURE IN THE YEAR PRIOR TO SURVIVAL YEAR, SPCT = SPRING 
TEMPERATURE IN THE CURRENT YEAR, SPPR= SPRING RAIN IN YEAR PRIOR TO 
SURVIVAL YEAR.  CLIMATE DATA EXTRAPOLATED FROM WHAKATANE AWS. .... 54 

TABLE 2.8. BETA ESTIMATES OF LINEAR SL ADULT FEMALE MALLARD SURVIVAL 
MODEL FOR THE HAWKE’S BAY REGION. ......................................................................... 58 

TABLE 2.9: MODELS OF SURVIVAL, RECAPTURE, RECOVERY AND FIDELITY 
PARAMETERS OF 6777 MALLARD BANDED 2000-2009 IN THE HAWKE’S BAY 
REGION MODELS RANKED ON QAICC (C-HAT 1.1586).  S= SURVIVAL, 
P=RECAPTURE, R= CONDITIONAL RECOVERY RATE, F= FIDELITY, SL= SEASON 
LENGTH, BL= BAG LIMIT, WR= WINTER RAIN, WT= WINTER TEMPERATURE SUR = 
SUMMER RAIN, SUT= SUMMER TEMPERATURE, SPPT= SPRING TEMPERATURE IN 
THE YEAR PRIOR TO SURVIVAL YEAR, SPCT = SPRING TEMPERATURE IN THE 
CURRENT YEAR, SPPR= SPRING RAIN IN YEAR PRIOR TO SURVIVAL YEAR.  
CLIMATE DATA EXTRAPOLATED FROM NAPIER AWS. .................................................. 59 

TABLE 2.10. AVERAGE HARVEST RATES IN THE EASTERN REGION AS A FUNCTION OF 
SEASON LENGTH (SL). ............................................................................................................. 63 

TABLE 2.11. AVERAGE HARVEST RATES IN THE HAWKE’S BAY REGION AS A FUNCTION 
OF SEASON LENGTH.  REPORTING RATE WAS FIXED AT 0.47. ...................................... 67 

TABLE 2.12.  CORRELATION BETWEEN POST-HARVEST POPULATION ESTIMATE AND 
ESTIMATED POST-HARVEST SURVIVAL FOR HAWKE’S BAY. ...................................... 74 



Table of Contents  - iii - 

 

TABLE 3.1: CANDIDATE MODEL SET AND EXPLANATION .................................................... 112 
TABLE 3.2: AUCKLAND MALLARDS BANDED 1968 – 2009...................................................... 113 
TABLE 3.3: AUCKLAND PARERA BANDED 1968 – 2009 ............................................................ 113 
TABLE 3.4:  BETA ESTIMATES FOR SURVIVAL PARAMETERS {S(SEX*SUR+AGE) P(G*T) 

R(AGE*T) F(G*T)}  AUCKLAND MALLARDS 1979-1983 .................................................. 114 
TABLE 3.5:  BETA ESTIMATES FOR SURVIVAL PARAMETERS {S(SEX *SPPR+AGE) P(G*T) 

R(AGE*T) F(G*T)}  AUCKLAND PARERA 1979-1983 ........................................................ 115 
TABLE 3.6:  BETA ESTIMATES FOR SURVIVAL PARAMETERS {S(SEX *SUR+AGE) P(G*T) 

R(AGE*T) F(G*T)}  AUCKLAND MALLARD AND PARERA 2002-2009 .......................... 116 
TABLE 3.7:  AUCKLAND BAND REGION (5) MODEL RESULTS ............................................... 117 
TABLE 3.8: – ROTORUA MALLARD BANDED 1968 - 1971 ........................................................ 118 
TABLE 3.9:  ROTORUA PARERA DUCK BANDED 1968 – 1971.................................................. 118 
TABLE 3.10:  MALLARD AND PARERA BANDED IN THE BAY OF PLENTY AND TAUPO 

AREAS ....................................................................................................................................... 118 
TABLE 3.11:  BETA ESTIMATES FOR SURVIVAL PARAMETERS FOR THE TOP RANKED 

MODEL  {S(SEX*WT+AGE) P(G*T) R(AGE*T) F(G*T)}; BAY OF PLENTY MALLARD & 
PARERA, 1997-2009. ................................................................................................................ 119 

TABLE 3.12:  PARERA BANDED IN THE EAST COAST AND HAWKE’S BAY AREAS .......... 120 
TABLE 3.13:  MALLARD BANDED IN THE EAST COAST AND HAWKE’S BAY AREAS ...... 120 
TABLE 3.14: MODEL RESULTS ROTORUA – TAURANGA BAND REGION (6 & 7) ............... 121 
TABLE 3.15:  BETA ESTIMATES FOR SURVIVAL PARAMETERS FOR THE TOP RANKED 

MODEL {S(SEX*SPPT+AGE) P(G*T) R(AGE*T) F(G*T)}; HAWKE’S BAY MALLARD & 
PARERA, 2000 - 2009. .............................................................................................................. 122 

TABLE 3.16:  EAST COAST (ROTORUA AND HAWKE’S BAY BAND REGION 7 & 14) MODEL 
RESULTS ................................................................................................................................... 123 

TABLE 3.17: – WELLINGTON MALLARD AND PARERA BANDED BETWEEN 1972 AND 1990
 .................................................................................................................................................... 124 

TABLE 3.18:  BETA ESTIMATES FOR SURVIVAL PARAMETERS FOR THE TOP RANKED 
MODEL  {S(SEX*SUR+AGE) P(G*T) R(AGE*T) F(G*T)}; MANAWATU MALLARD & 
PARERA, 1972-1992. ................................................................................................................ 125 

TABLE 3.19:  BETA ESTIMATES FOR SURVIVAL PARAMETERS FOR THE TOP RANKED 
MODEL  {S(SEX*SPPR+AGE) P(G*T) R(AGE*T) F(G*T)}; WAIRARAPA MALLARD & 
PARERA, 1974 - 1991. .............................................................................................................. 125 

TABLE 3.20:  BAND WELLINGTON REGION 15 MODEL RESULTS ......................................... 126 
TABLE 3.21:  MALLARD BANDED IN CANTERBURY. ............................................................... 127 
TABLE 3.22:  MALLARD BANDED IN OTAGO. ............................................................................ 127 
TABLE 3.23:  MODEL RESULTS CANTERBURY BAND REGION 19, 22 & 25. ......................... 128 
TABLE 3.24:  MODEL RESULTS OTAGO BAND REGION 26. ..................................................... 128 
TABLE 3.25:  BETA ESTIMATES FOR SURVIVAL PARAMETERS FOR THE TOP RANKED 

MODEL  {S(SEX*SUR+AGE) P(G*T) R(AGE*T) F(G*T)}; OTAGO MALLARD, 1968-1971
 .................................................................................................................................................... 129 

TABLE 3.26:  MALLARD BANDED IN THE SOUTHLAND REGION 1969-1991 ........................ 129 
TABLE 3.27:  BETA ESTIMATES FOR SURVIVAL PARAMETERS FOR THE TOP RANKED 

MODEL  {S(SEX*WR+AGE) P(G*T) R(AGE*T) F(G*T)}; SOUTHLAND MALLARD, 1969-
1974 ............................................................................................................................................ 130 

TABLE 3.28:  BETA ESTIMATES FOR SURVIVAL PARAMETERS FOR THE TOP RANKED 
MODEL  {S(SEX*SUT+AGE) P(G*T) R(AGE*T) F(G*T)}; SOUTHLAND MALLARD, 1987 
- 1991. ......................................................................................................................................... 130 

TABLE 3.29:  MODEL RESULTS SOUTHLAND BAND REGION 26 &27 ................................... 131 
TABLE 4.1.  EASTERN REGION PRODUCTIVITY ESTIMATES FROM THE TRAP SAMPLE.  

J=JUVENILES; A=ADULTS; F=FEMALES.  ADJ=ADJUSTED (ADULT FEMALE BIAS 
CORRECTION; 2.02) ................................................................................................................. 159 

TABLE 4.2: RECOVERY ARRAY FOR MALLARD AND GREY DUCK (ALL COHORTS) 
BANDED ON THE EAST COAST 1998-2009 WHERE N(I) IS THE NUMBER RELEASED.
 .................................................................................................................................................... 160 

TABLE 4.3: RECAPTURE ARRAY FOR MALLARD AND GREY DUCK (ALL COHORTS) 
BANDED ON THE EAST COAST 1998-2009 WHERE N(I) IS THE NUMBER RELEASED.
 .................................................................................................................................................... 160 

 



Table of Contents  - iv - 

 

 

FIGURE 1.1:  PROPORTION OF PARERA OUT OF THE TOTAL BAG OF PARERA, MALLARD 
AND HYBRIDS IN THE MANGONUI – WHANGAROA ACCLIMATISATION DISTRICT 
(NORTHLAND FISH AND GAME), ONE OF THE LAST STRONGHOLDS OF THE 
PARERA (EXTRAPOLATED FROM CAITHNESS WATERFOWL DIARIES; UNPUBL. 
WILDLIFE SERVICE REPORTS). ............................................................................................... 5 

FIGURE 2.1. A SIMPLE HEURISTIC HARVEST MODEL WHERE NT IS THE ASSESSED 
POPULATION IN YEAR T, AT SEASON REGULATIONS, E HUNTER EFFORT (HOURS 
HUNTED WATERFOWL GIVEN THE SEASON REGULATIONS A), H HARVEST, BR 
BIRTHS, DPRH DEATHS PRE-HARVEST AND, DPOH DEATHS POST-HARVEST. .............. 18 

FIGURE 2.2. EASTERN AND HAWKE’S BAY FISH AND GAME REGIONS. .............................. 23 
FIGURE 2.3. EASTERN REGION LICENCE SALES 1997-2009 AND UNEMPLOYMENT RATE.  

THERE IS NO EVIDENCE OF A LINEAR CHANGE IN PARTICIPATION (RED DASHED 
LINE) THROUGH THIS PERIOD (R2 = 0.035, F(1)(10)= 0.359, P=0.56) ..................................... 38 

FIGURE 2.4. AVERAGE DAYS (� ± ��% ��) SPENT WATERFOWL HUNTING PER LICENCE 
HOLDER IN THE EASTERN REGION 1997-2009.  SEASON LENGTH SUPERIMPOSED.  
THE 2001 EFFORT ESTIMATE WAS COMPROMISED AND IS PROBABLY WRONG.  
AVERAGE DAYS OVER THE STUDY PERIOD HAVE DECREASED (R= -0.57, T(11) = -
2.3131, P = 0.04). ......................................................................................................................... 40 

FIGURE 2.5. TOTAL DAYS (� ± ��% ��) HUNTED WATERFOWL 1997-2009, EASTERN 
REGION SHOWING SEASON LENGTH.  REGRESSION LINE ON DAYS HUNTED (RED 
DASHED LINE).  TOTAL DAYS MAY BE DECREASING OVER THE STUDY (R =0.24,  
T(11) = -1.8148, P = 0.09).  THE 2001 DAYS ESTIMATE WAS COMPROMISED AND IS 
PROBABLY WRONG. ................................................................................................................ 40 

FIGURE 2.6. AVERAGE EFFORT (	 ± ��% ��) SPENT WATERFOWL HUNTING IN THE 
EASTERN REGION 1997-2009.  SEASON LENGTH SUPERIMPOSED.  THE 2001 EFFORT 
ESTIMATE WAS COMPROMISED AND IS PROBABLY WRONG.  AVERAGE HOURS 
HUNTING WATERFOWL MAY BE DECREASING (R= -0.48,  T (11)=-1.8148, P = 0.097)? .. 40 

FIGURE 2.7. TOTAL EFFORT (	 ± ��% ��) SPENT WATERFOWL HUNTING IN THE 
EASTERN REGION 1997-2009.  SEASON LENGTH SUPERIMPOSED.  THE 2001 EFFORT 
ESTIMATE WAS COMPROMISED AND IS PROBABLY WRONG AND HAS BEEN 
REMOVED FROM THE CORRELATION ANALYSIS (SEE BELOW).  TOTAL HOURS 
HUNTING WATERFOWL HAS DECREASED (R= -0.83, T (10)=-4.7419, P <0.001).  THE 
DIFFERENCE BETWEEN AVERAGE HOURS HUNTED AND TOTAL HOURS HUNTED 
FOR 2009 IS A FUNCTION OF THE LOW NUMBER OF LICENSED PARTICIPANTS IN 
THIS YEAR. ................................................................................................................................. 40 

FIGURE 2.8:  SCATTERPLOT OF WATERFOWL SEASON LENGTH IN THE EASTERN 
REGION AGAINST TOTAL HOURS HUNTING WATERFOWL. (R = 0.42, T(10) = 1.4565, P 
= 0.18). .......................................................................................................................................... 41 

FIGURE 2.9:  SCATTERPLOT OF MALLARD SEASON LENGTH AGAINST AVERAGE HOURS 
HUNTING WATERFOWL IN THE EASTERN REGION  (R = 0.2825, T(10) = 0.9316, P = 
0.374). ........................................................................................................................................... 41 

FIGURE 2.10. SCATTERPLOT OF AVERAGE DAYS EASTERN HUNTERS SPENT HUNTING 
WATERFOWL AS A FUNCTION OF SEASON LENGTH. (R=0.32, T(10) = 1.0745, P = 0.31).
 ...................................................................................................................................................... 41 

FIGURE 2.11. THE RELATIONSHIP BETWEEN EFFORT AND BAG LIMITS (R = 0.702, P = 
0.011) IN THE EASTERN REGION. .......................................................................................... 42 

FIGURE 2.12. AVERAGE HOURS HUNTED PER DAY AS A FUNCTION OF SEASON LENGTH.  
RED DASHED LINE IS THE EXPONENTIAL MODEL. ......................................................... 42 

FIGURE 2.13 TOTAL EFFORT IN THE EASTERN REGION 1997-2009 (EXCLUDING 2001) 
AGAINST THE TOP (YEAR - LIGHT BLUE SOLID LINE - R2=0.69, F(1)(10)= 22.49, P<0.001) 
AND SECOND TOP RANKED TOTAL EFFORT MODEL YEAR- SEASON LENGTH 

(BLACK SOLID LINE; R2=0.808, F(3)(8)= 11.23, P= 0.003), AND AVERAGE EFFORT 
MODELS, THE DASHED LINES (YEAR, YEAR-SEASON LENGTH R2=0.49 BOTH 
MODELS).  THE AVERAGE EFFORT MODELS HAVE BEEN FITTED BY MULTIPLYING 
THEIR RESPECTIVE PARAMETER ESTIMATES BY THE NUMBER OF LICENCES SOLD 
IN EACH YEAR........................................................................................................................... 44 

FIGURE 2.14.  EASTERN REGION EFFORT AS A FUNCTION OF YEAR (2009, IN THIS 
EXAMPLE) THE NUMBER OF HUNTERS (3900) AND SEASON LENGTH (RED LINE) 



Table of Contents  - v - 

 

WITH 95% CREDIBLE INTERVAL (DASHED LINE) (1000 BURN IN, 100,000 
SIMULATIONS IN WINBUGS).  POINTS SHOW ESTIMATED EFFORT DERIVED FROM 
THE HUNTER SURVEY. ............................................................................................................ 45 

FIGURE 2.15. HAWKE’S BAY REGION LICENCE SALES 2000-2009 (LINEAR MODEL OF 
LICENCE SALES RED DASHED LINE R2=0.80, F(1)(8)= 32.93 P=0.0004); AND 
UNEMPLOYMENT RATE. ......................................................................................................... 46 

FIGURE 2.16. AVERAGE EFFORT (	 ± ��% ��) HUNTING WATERFOWL IN THE HAWKE’S 
BAY REGION, SEASON LENGTH (DAYS) SUPERIMPOSED.  REGRESSION OF 
AVERAGE EFFORT OVER STUDY PERIOD IS NOT SIGNIFICANT (R2=0.09, F(1)(8)= 0.818, 
P= 0.392). ..................................................................................................................................... 46 

FIGURE 2.17.  TOTAL HOURS SPENT HUNTING WATERFOWL( 	 ± ��% ��) IN THE 
HAWKE’S BAY 2000-2009. ....................................................................................................... 46 

FIGURE 2.18. TOTAL DAYS ( � ± ��% �� ) SPENT WATERFOWL HUNTING IN THE 
HAWKE’S BAY REGION 2000-2009.   SEASON LENGTH (DAYS) SUPERIMPOSED. ...... 47 

FIGURE 2.19.  AVERAGE EFFORT PER DAY AGAINST SEASON LENGTH.  THE RED 
DASHED LINE IS THE LINEAR MODEL AND BLACK DASHED LINE THE 
EXPONENTIAL MODEL ............................................................................................................ 47 

FIGURE 2.20. SCATTERPLOT OF WATERFOWL SEASON LENGTH IN THE HAWKE’S BAY 
REGION AGAINST TOTAL HOURS HUNTING WATERFOWL. (R = 0.44,  T(8) = 1.3984, P = 
0.20). ............................................................................................................................................. 48 

FIGURE 2.21: SCATTERPLOT OF MALLARD SEASON LENGTH AGAINST AVERAGE HOURS 
HUNTING WATERFOWL IN THE HAWKE’S BAY REGION. (R = 0.21, T(8)= 0.6139, P = 
0.55) .............................................................................................................................................. 48 

FIGURE 2.22:  COMPARISONS OF SEASON LENGTH AND YEAR MODELS AND EFFORT 
(HOURS HUNTED WATERFOWL) IN THE HAWKE’S BAY ESTIMATED FROM THE 
HUNTER SURVEY. .................................................................................................................... 49 

FIGURE 2.23.  HAWKE’S BAY EFFORT DERIVED FROM THE SEASON LENGTH MODEL 
(RED LINE) WITH 95% CREDIBLE INTERVAL (DASHED LINE) (1000 BURN IN, 100,000 
SIMULATIONS IN WINBUGS).  POINTS SHOW ESTIMATED EFFORT FROM THE 
HUNTER SURVEY. .................................................................................................................... 50 

FIGURE 2.24. ADULT FEMALE SURVIVAL AS A FUNCTION OF TOTAL EFFORT (HOURS 
SPENT HUNTING WATERFOWL) IN THE EASTERN REGION EXTRAPOLATED FROM 
THE EFFORT MODEL.  BLACK DASHED LINE 95% CI. ...................................................... 51 

FIGURE 2.25. JUVENILE FEMALE SURVIVAL AS A FUNCTION OF TOTAL EFFORT (HOURS 
SPENT HUNTING WATERFOWL) IN THE EASTERN REGION EXTRAPOLATED FROM 
THE EFFORT MODEL.  BLACK DASHED LINE 95% CI.  . ................................................... 51 

FIGURE 2.26.  PROBABILITY DISTRIBUTIONS OF ANNUAL ADULT FEMALE SURVIVAL IN 
EASTERN REGION MALLARD, AGAINST SEASON LENGTHS OF 30, 43, 57 AND, 71 
DAYS FROM SECOND TOP RANKED SEASON LENGTH MODEL (∆QAICC 5.767)........ 53 

FIGURE 2.27. PROBABILITY DISTRIBUTIONS OF ANNUAL JUVENILE FEMALE SURVIVAL 
IN EASTERN REGION MALLARD, AGAINST SEASON LENGTHS OF 30, 43, 57 AND, 71 
DAYS FROM SECOND TOP RANKED SEASON LENGTH MODEL (∆QAICC 5.767)........ 53 

FIGURE 2.28. SCATTER-PLOT AND DENSITY MATRIX OF EASTERN REGION ADULT 
FEMALE (AF) & JUVENILE FEMALE (JF) SURVIVAL (MODEL AVERAGING), TOTAL 
MALLARD HARVESTS (H), EFFORT (E) AND, SEASON LENGTH (SL).  TO INTERPRET 
THIS GRAPH READ THE INTERSECTION OF THE PARAMETERS OF INTEREST.  FOR 
EXAMPLE, FOR THE AFFECT HARVEST LEVELS (H) HAS ON ADULT FEMALE 
SURVIVAL (AF), CROSS FROM THE “AF” IN THE TOP LEFT HAND CORNER TO 
INTERSECTION OF THE HARVEST DENSITY (H) COLUMN (I.E. THE TOP ROW, 
MIDDLE COLUMN).  THIS IS A SCATTER-PLOT OF HARVEST AND ADULT FEMALE 
SURVIVAL WITH THE VALUES OF THE HARVEST GIVEN AT THE BASE OF THE 
MIDDLE COLUMN AND THE VALUES FOR THE ADULT FEMALE SURVIVAL AT THE 
RIGHT HAND END OF THE TOP ROW.  THE BLACK DASHED LINE IS THE BEST FIT 
LINE AND THE SOLID LINE THE LOWESS (LOCALLY WEIGHTED SCATTER-PLOT 
SMOOTHING). ............................................................................................................................ 56 

FIGURE 2.29. DISTRIBUTIONS OF ADULT FEMALE SURVIVAL IN HAWKE’S BAY REGION 
MALLARD, AGAINST SEASON LENGTHS OF 30, 43, 57 AND ,71 DAYS FROM TOP 
RANKED SEASON LENGTH MODEL . ..................................................................................... 57 



Table of Contents  - vi - 

 

FIGURE 2.30.  DISTRIBUTIONS OF JUVENILE FEMALE SURVIVAL IN HAWKE’S BAY 
REGION MALLARD, AGAINST SEASON LENGTHS OF 30, 43, 57 AND,71 DAYS FROM 
TOP RANKED SEASON LENGTH MODEL . ........................................................................... 57 

FIGURE 2.31. ANNUAL ADULT FEMALE SURVIVAL AS A FUNCTION OF EFFORT IN THE 
HAWKE’S BAY EXTRAPOLATED FROM THE EFFORT MODEL (∆QAICC=0.739).  
BLACK DASHED LINE IS 95% CI. ........................................................................................... 58 

FIGURE 2.32. ANNUAL JUVENILE FEMALE SURVIVAL AS A FUNCTION OF EFFORT IN 
THE HAWKE’S BAY EXTRAPOLATED FROM THE EFFORT MODEL (∆QAICC=0.739).  
BLACK DASHED LINE IS 95% CI ............................................................................................ 58 

FIGURE 2.33.  SCATTER-PLOT AND DENSITY MATRIX OF HAWKE’S BAY REGION ADULT 
FEMALE (AF) & JUVENILE FEMALE (JF) SURVIVAL (MODEL AVERAGING), TOTAL 
MALLARD HARVESTS (H), EFFORT (E) AND, SEASON LENGTH (SL).  TO INTERPRET 
THIS GRAPH READ THE INTERSECTION OF THE PARAMETERS OF INTEREST.  FOR 
EXAMPLE, FOR THE AFFECT HARVEST LEVELS (H) HAS ON ADULT FEMALE 
SURVIVAL (AF), CROSS FROM THE “AF” IN THE TOP LEFT HAND CORNER TO 
INTERSECTION OF THE HARVEST DENSITY (H) COLUMN (I.E. THE TOP ROW, 
MIDDLE COLUMN).  THIS IS A SCATTER-PLOT OF HARVEST AND ADULT FEMALE 
SURVIVAL WITH THE VALUES OF THE HARVEST GIVEN AT THE BASE OF THE 
MIDDLE COLUMN AND THE VALUES FOR THE ADULT FEMALE SURVIVAL AT THE 
RIGHT HAND END OF THE TOP ROW.  THE BLACK DASHED LINE IS THE BEST FIT 
LINE AND THE SOLID LINE THE LOWESS (LOCALLY WEIGHTED SCATTER-PLOT 
SMOOTHING). ............................................................................................................................ 60 

FIGURE 2.34. ANNUAL ADULT HARVEST RATE REPORTED AS A FUNCTION OF SEASON 
LENGTH (DAYS); EASTERN REGION .................................................................................... 63 

FIGURE 2.35. ANNUAL JUVENILE HARVEST RATE REPORTED AS A FUNCTION OF 
SEASON LENGTH (DAYS); EASTERN REGION. ................................................................... 63 

FIGURE 2.36. SCATTERPLOT OF ADULT HARVEST RATE AGAINST TOTAL EFFORT 
(HOURS HUNTING WATERFOWL) FOR THE EASTERN REGION (R = 0.371, T(10) = 
1.2628, P = 0.235). ....................................................................................................................... 63 

FIGURE 2.37. SCATTERPLOT OF JUVENILE HARVEST RATE AGAINST TOTAL EFFORT 
(HOURS HUNTING WATERFOWL) FOR THE EASTERN REGION (R=0.326, T(10) = 1.0907, 
P = 0.301). .................................................................................................................................... 63 

FIGURE 2.38.  TOTAL HOURS HUNTING WATERFOWL, EFFORT (TOP GRAPH) AND 
ANNUAL MALLARD HARVEST (BOTTOM GRAPH) FOR THE EASTERN REGION 
(YEAR 2001 DATA NOT INCLUDED).  THE FITTED REGRESSION LINES (DASHED 
LINES) SHOW  SIMILAR TREND............................................................................................. 64 

FIGURE 2.39. HARVEST (RED POINTS), ADULT AND, JUVENILE HARVEST RATE (BLUE 
AND BLACK MARKS); FOR THE EASTERN REGION (YEAR 2001 DATA NOT 
INCLUDED) WITH FITTED REGRESSION LINES (DASHED) SHOW A DOWNWARD 
TREND OVER THE STUDY PERIOD. ...................................................................................... 65 

FIGURE 2.40 ANNUAL HARVEST RATE REPORTED AGAINST HEN BAG LIMITS EASTERN 
REGION ....................................................................................................................................... 65 

FIGURE 2.41. ANNUAL HARVEST RATE UNDER DIFFERENT BAG LIMITS FOR A FIXED 
SEASON LENGTH OF 57 DAYS IN THE EASTERN REGION.  THE MORE RESTRICTIVE 
BAG LIMITS (<10) HAVE A HIGHER HARVEST RATE. ...................................................... 65 

FIGURE 2.42. ANNUAL ADULT HARVEST RATE REPORTED AGAINST SEASON LENGTH 
(DAYS) HAWKE’S BAY REGION. ........................................................................................... 67 

FIGURE 2.43. ANNUAL JUVENILE HARVEST RATE REPORTED AGAINST SEASON LENGTH 
(DAYS) HAWKE’S BAY REGION. ........................................................................................... 67 

FIGURE 2.44. SCATTERPLOT OF HAWKE’S BAY ADULT HARVEST RATE AGAINST 
SEASON LENGTH (R=0.346, P=0.362).  REPORTING RATE WAS ALLOWED TO VARY 
ANNUALLY. ............................................................................................................................... 68 

FIGURE 2.45. SCATTERPLOT OF HAWKE’S BAY JUVENILE HARVEST RATE AGAINST 
SEASON LENGTH (R=0.145, P=0.709).  REPORTING RATE WAS ALLOWED TO VARY 
ANNUALLY. ............................................................................................................................... 68 

FIGURE 2.46.  HAWKE’S BAY ANNUAL ADULT HARVEST RATES AGAINST TOTAL 
EFFORT (HOURS HUNTED WATERFOWL) (R=0.35, T(8) = 1.0435, P = 0.327). ................... 68 

FIGURE 2.47. HAWKE’S BAY ANNUAL JUVENILE HARVEST RATES AGAINST TOTAL 
EFFORT (HOURS HUNTED WATERFOWL) (R=0.017, T(8) = 0.0499, P = 0.96). .................. 68 



Table of Contents  - vii - 

 

FIGURE 2.48. ADULT HARVEST RATE REPORTED AGAINST HEN BAG LIMITS; HAWKE’S 
BAY REGION. ............................................................................................................................. 69 

FIGURE 2.49. JUVENILE HARVEST RATE REPORTED AGAINST HEN BAG LIMITS; 
HAWKE’S BAY REGION ........................................................................................................... 69 

FIGURE 2.50. POST-HARVEST ADULT FEMALE SURVIVAL AGAINST ESTIMATED POST-
HARVEST POPULATION SIZE WITH FITTED LINEAR REGRESSION LINE, 
POLYNOMIAL QUADRATIC AND LOWESS MODELS. ....................................................... 73 

FIGURE 2.51. POST-HARVEST ADULT MALE SURVIVAL AGAINST ESTIMATED POST-
HARVEST POPULATION SIZE WITH FITTED LINEAR REGRESSION LINE AND 
LOWESS MODEL. ...................................................................................................................... 73 

FIGURE 2.52. POST-HARVEST JUVENILE FEMALE SURVIVAL AGAINST ESTIMATED 
POST-HARVEST POPULATION SIZE WITH FITTED LINEAR REGRESSION LINE AND 
LOWESS MODEL. ...................................................................................................................... 73 

FIGURE 2.53. POST-HARVEST JUVENILE MALE SURVIVAL AGAINST ESTIMATED POST-
HARVEST POPULATION SIZE WITH FITTED LINEAR REGRESSION LINE AND 
LOWESS MODEL. ...................................................................................................................... 73 

FIGURE 2.54. SCATTERPLOT OF HAWKE’S BAY POST-HARVEST ADULT FEMALE 
SURVIVAL AGAINST ESTIMATED POST-HARVEST POPULATION SIZE; SHOWING 
THE REGRESSION (RED DASHED) AND LOWESS LINES (RED SOLID LINE). .............. 75 

FIGURE 2.55. SCATTERPLOT OF HAWKE’S BAY POST-HARVEST ADULT MALE SURVIVAL 
AGAINST ESTIMATED POST-HARVEST POPULATION SIZE; SHOWING THE 
REGRESSION (RED DASHED) AND LOWESS LINES (RED SOLID LINE). ....................... 75 

FIGURE 2.56.  SCATTERPLOT OF HAWKE’S BAY POST-HARVEST JUVENILE FEMALE 
SURVIVAL AGAINST ESTIMATED POST-HARVEST POPULATION SIZE; SHOWING 
THE REGRESSION (RED DASHED) AND LOWESS LINES (RED SOLID LINE). .............. 75 

FIGURE 2.57. SCATTERPLOT OF HAWKE’S BAY POST-HARVEST JUVENILE MALE 
SURVIVAL AGAINST ESTIMATED POST-HARVEST POPULATION SIZE; SHOWING 
THE REGRESSION (RED DASHED) AND LOWESS LINES (RED SOLID LINE). .............. 75 

FIGURE 2.58. SCATTERPLOT OF EASTERN REGION POST-HARVEST ADULT FEMALE 
SURVIVAL AGAINST ESTIMATED POST-HARVEST POPULATION SIZE.  BAND DATA 
RANDOMLY ALLOCATED TO HARVEST RATE AND SURVIVAL ANALYSIS; 
REGRESSION (RED DASHED) AND LOWESS (RED SOLID) LINES. ................................. 77 

FIGURE 2.59. SCATTERPLOT OF EASTERN REGION POST-HARVEST ADULT MALE 
SURVIVAL AGAINST ESTIMATED POST-HARVEST POPULATION SIZE.  BAND DATA 
RANDOMLY ALLOCATED TO HARVEST RATE AND SURVIVAL ANALYSIS; 
REGRESSION (RED DASHED) AND LOWESS (RED SOLID) LINES. ................................. 77 

FIGURE 2.60.  EASTERN REGION POST-HARVEST ADULT POPULATION AGAINST 
FEMALE PRODUCTIVITY (JUVENILE FEMALE: ADULT FEMALE) (R=-0.538, T = -
2.1165, DF = 11, P = 0.058). ........................................................................................................ 80 

FIGURE 2.61. EASTERN REGION POST-HARVEST ADULT POPULATION AGAINST MALE 
PRODUCTIVITY (JUVENILE MALE: ADULT FEMALE) (R=-0.497 T = -1.8999, DF = 11, P 
= 0.084). ........................................................................................................................................ 80 

FIGURE 2.62.  NON-PARAMETRIC DISTRIBUTION OF CUMULATIVE HARVEST BASED ON 
AN UPPER THRESHOLD LEVEL OF 100,000 (K), AND INTERMEDIATE LEVEL OF 
75,000 AND MINIMAL THRESHOLD OF 50,000.  THE STARTING POPULATION WAS 
50,000 ADULT FEMALES AND 50,000 JUVENILE FEMALES.  YEAR 11 ADULT FEMALE 
POPULATION HAD A MEAN OF 52,467 AND SEASON LENGTH WAS 57 DAYS. ........... 83 

FIGURE 2.63.  SIMULATED AVERAGE TOTAL CUMULATIVE HARVEST (10 YEARS; 100 
ITERATIONS PER ESTIMATE) CONSTRAINED BY DIFFERENT HARVEST 
REGULATION STRATEGIES AND PRODUCTIVITIES (0.8, 0.85 & 0.95; JUVENILE 
FEMALES TO ADULT FEMALES).  THE STARTING POPULATION IS 50,000 ADULT 
FEMALES AND 50,000 JUVENILE FEMALES.  THE X-AXIS SHOWS THE ESTIMATED 
MEAN ADULT FEMALE POPULATION IN THE 11TH YEAR.  THE POINTS RELATE TO 
THE DIFFERENT STRATEGIES. .............................................................................................. 84 

FIGURE 2.64. SIMULATED CUMULATIVE HARVEST OVER 10 YEARS UNDER A STRATEGY 
OF A 10,000 UPPER THRESHOLD (K), 75,000 INTERMEDIATE (M) AND, 50,000 
MINIMUM (L).  STARTING POPULATION WAS 50,000 ADULT FEMALE AND 50,000 
JUVENILE FEMALES.  PRODUCTIVITY (B) WAS 0.85 JUVENILE FEMALE TO ADULT 
FEMALE.  FINAL (YEAR 11) MEAN ADULT FEMALE POPULATION WAS 49303.  
SEASON LENGTHS FOR THE 10 YEARS WAS 71 DAYS. .................................................... 85 



Table of Contents  - viii - 

 

FIGURE 2.65.  THE RED SOLID LINE IS ESTIMATED EFFORT FROM THE HUNTER-SEASON 

LENGTH MODEL.  THE BLACK DASHED LINES ARE THE 95% CREDIBLE INTERVAL.  
THE GREEN AND BLUE DASHED LINES REPRESENT TWO LEVELS OF EFFORT 
UNDER DIFFERENT LEVELS OF PRODUCTIVITY (0.65 & 0.75 RESPECTIVELY) THAT 
MAXIMISE HARVEST FOR A POPULATION OF 50,000 ADULT FEMALE AND 50,000 
JUVENILE FEMALE.  THE APPROPRIATE SEASON LENGTH CAN BE DETERMINED 
BASED ON THE LEVEL OF RISK THE MANAGER IS COMFORTABLE WITH. ............... 88 

FIGURE 2.66. MALLARD AND PARERA POPULATION ESTIMATE FOR THE EASTERN 
REGION. ...................................................................................................................................... 91 

FIGURE 2.67.  EASTERN REGION ANNUAL MALLARD & PARERA HARVEST (RED DASHED 
LINE IS REGRESSION LINE ON TOTAL MALLARD & PARERA HARVEST).  BLUE LINE 
IS MALLARD AND PARERA PER HOUR HUNTING WATERFOWL.  NOTE DUCKS 
(MALLARD & PARERA) PER HOUR HUNTING WATERFOWL DECREASE AT THE 
BEGINNING OF THE STUDY (1997 & 1998) WHICH COINCIDED WITH 
UNSUSTAINABLY LOW LEVELS OF PRODUCTIVITY (LESS THAN 0.8) AND LIBERAL 
SEASON REGULATIONS (71 DAYS).  DUCKS PER HOUR REMAINED LOW FOR THE 
FOLLOWING 4-5 YEARS. ......................................................................................................... 92 

FIGURE 2.68.  PREDICTED HARVEST UNDER A 30 DAY SEASON USING THE 2009 
POPULATION SIZE. THE MEAN HARVEST ESTIMATE FROM THE SIMULATION IS 
47,742 (SD=8,485) AND MODE ABOUT 42,000.  THE HUNTER SURVEY REPORTS A 
MALLARD HARVEST OF 42,424 (34,416-52,296; 95%CI). .................................................... 92 

FIGURE 2.69.  PREDICTED POPULATION SIZE IN 2010 FOLLOWING A 30 DAY SEASON 
AND HARVEST DISTRIBUTION GIVEN IN FIGURE 2.68.  THE MEAN SIMULATED 
POPULATION SIZE IS 471,486 (SD=59123).  THE POPULATION IN 2009 WAS 
GENERATED FROM A NORMAL POPULATION (MEAN =495,512; SD= 82,136).............. 92 

FIGURE 2.70.  EXPECTED HARVEST (FROM THE STOCHASTIC MODEL; 1000 
SIMULATIONS) UNDER DIFFERENT SEASON LENGTHS BASED ON THE 2009 
POPULATION. ............................................................................................................................ 93 

FIGURE 2.71. EXPECTED YEAR 2 POPULATION SIZE (FROM THE STOCHASTIC MODEL; 
1000 SIMULATIONS) UNDER DIFFERENT SEASON LENGTHS BASED ON THE 2009 
(NT) POPULATION (MEAN =495,512; SD= 82,136). ................................................................ 94 

FIGURE 2.72.  SIMULATED HARVEST (42,045; SE 1,992) FOR THE 2010 SEASON BASED ON 
2009 DATA.  THE 2010 MALLARD HARVEST ESTIMATE WAS 41,549 (34,586-48,511). . 95 

FIGURE 3.1:  ANNUAL LIFE CYCLE OF MALLARD AND PARERA IN NEW ZEALAND....... 109 
FIGURE 3.2:  NORTH ISLAND BANDING REGIONS .................................................................... 110 
FIGURE 3.3:  SOUTH ISLAND BANDING REGION ...................................................................... 110 
FIGURE 3.4.  SELECTED RESULTS FROM THE TOP RANKED CLIMATE MODELS.  THE MAP 

SHOWS NORTH ISLAND FISH AND GAME REGIONS. ..................................................... 132 
FIGURE 3.5. SELECTED RESULTS FROM THE TOP RANKED CLIMATE MODELS.  THE MAP 

SHOWS SOUTH ISLAND FISH AND GAME REGIONS. ...................................................... 133 
FIGURE 3.6: EASTERN FISH AND GAME REGION SHOWING GAME BIRD MANAGEMENT 

UNITS A1, A2, B1 & B2 ............................................................................................................ 136 
FIGURE 4.1  WELDED, NETTING COVERED, TRAPS COMFORTABLY HOLD ABOUT 70 

MALLARD DUCK. ................................................................................................................... 151 
FIGURE 4.2 PLAN VIEW OF TRAP. ................................................................................................. 152 
FIGURE 4.3. FUNNEL PLAN............................................................................................................. 152 
FIGURE 4.4.  MALLARD AND GREY DUCK ARE AGED AND SEXED AND THEN AN 

INDIVIDUALLY NUMBERED STAINLESS LEG BAND IS ATTACHED.  MALLARD AND 
GREY DUCK ARE DIFFERENTIATED BASED ON THEIR PREDOMINANT PLUMAGE 
CHARACTERISTICS (MANY OF THE GREY WERE OBVIOUS HYBRIDS)..................... 154 

FIGURE 4.5. MEASURING THE DEPTH OF THE BURSA. ........................................................... 155 
FIGURE 4.6: JUVENILE MALLARD SHOWING NOTCHED TAIL FEATHERS ......................... 155 
FIGURE 4.7: STEEL LEG BANDS WITH AN INDIVIDUALLY IDENTIFIABLE NUMBER AND 

RETURN ADDRESS ARE PLACED ON THE CAPTURED DUCKS LEG. .......................... 156 
FIGURE 4.8.  MANY HELPERS ENSURE A QUICK TURN OVER OF THE BIRDS REDUCING 

STRESS. ..................................................................................................................................... 157 
FIGURE 4.9:  NEW ZEALAND MAP SHOWING LAYERED CLIMATE DATA 

INCORPORATING WATER VAPOUR DEFICIT.  (DATA SOURCE LENZ LANDCARE 
RESEARCH NZ) ........................................................................................................................ 161 



Table of Contents  - ix - 

 

FIGURE 4.10:  NEW ZEALAND MAP SHOWING ANNUAL TEMPERATURE DATA (DATA 
SOURCE LENZ LANDCARE RESEARCH NZ) ...................................................................... 162 

FIGURE 4.11:  NEW ZEALAND MAP SHOWING LAYERED CLIMATE DATA 
INCORPORATING WATER VAPOUR DEFICIT AND TEMPERATURE (DATA SOURCE 
LENZ LANDCARE RESEARCH NZ). ..................................................................................... 162 

FIGURE 4.12:  MONITORING BOUNDARIES BASED ON LAYERED CLIMATE DATA 
INCORPORATING WATER VAPOUR DEFICIT AND TEMPERATURE (DATA SOURCE 
LENZ LANDCARE RESEARCH NZ). ..................................................................................... 163 

 


