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ABSTRACT 

To t es t  the appl i cabi l i ty in  New Zealand of  ecologi�al t heo r i es de r i ved 

from t he s tudy of nor t hern tempera te and t ro p i cal avi faunas , . t he b i rd 

communi ty in  par t  o f  the Ruamahanga Ecological Area , Tararua S t a te 

Forest Park vas s t ud i ed f rom Oc t ober 1 982 un t i l  February 1 985 . A 

mod i f ied  five-minu te  b i rd coun t t o  de t ermine the rela t ive  abundances of 

each b i rd spe c i es wi th a near/far ra t i o  proved useful i n  assessing t he 

d is t r i bu t ion o f  t he common b i rd species bu t  vas inadequa te  for t he 

rarer  species . Twen ty-nine b i rd spec i es were seen , t wen ty-one of  which 

probably bred wi thin  the study area . Eleven fores t b i rd spec ies were 

seen wi th  su f f i c i en t  f requency to  apply the near/far . B i rd speci es 

d i v e rs i ty vas signi f i can t ly cor rela ted  wi th foliage heigh t  d i vers i t y ,  

bu t n o t  wi th plan t spec i es diversi ty. P r i n c i pal component  analysis was 

used as a graph i cal tool  t o  descr i be the i n t e r-rela t i onshi�s of b i rd 

spec i es d is t r i bu t ion  wi th plant speci es and plan t st ructure  i n  grea t er 

de t a i l .  B i rd spe c i es compos i t i on vas rela t ed to bo th  the f o res t 

s t ruc t ure and t he plant  s peci es composi t i o n .  The dis t r i bu t ions o f  t en 

common  b i rd spec i es were posi t i ve ly cor rela ted wi th  high canopy fores t , 

f i ve species wi t h  red beech-domina ted fores t  and f i ve spec i es wi th 

podo carp/ broadleaf-domina t ed forest . Many o f  the b i rd spe c i es were 

mos t abundan t at  the end of the breed i ng season in February-Ma rch . 

This vas no t apparen t f rom considerat ion o f  t he f i ve-minute  bi r d  coun ts 

alone because of seasonal ,..h:.ncr�c:: -�"-··o -- in conspicuousness. The mod ified 

f i ve-minute  b i rd coun ts wer e  useful ind i ca t o rs of  b i rd moveme n t  i n t o 

and o u t  o f  the s t udy area . Only vhi teheads shoved consist ent  seasonal 

changes in  al t i tud inal  d is t ribu t i on , h igher in  summer than in  win t e r .  

By d e t e rmining t he rela t i ve impor tance of  fol iage he i gh t , t ree  speci es 
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and substra�e bird species foraging niches �ere examined. Foraging 

site sho�ed the greatest difference bet�een bird species, followed by 

tree species and then foraging height. Comparison with other studies 

shoved that there is a large degree of plasticity in foraging niche 
-

site bet�een habitats in Nev Zealand birds. Foraging niches of 

congeners in Australia and Nev Zealand were similar. Each bfrd species 

preferred different species of trees for foraging. In �inter decreased 

foraging niche overlaps �ere observed in conjunction �ith mixed species 

flocking. Studies of New Zealand birds indicate that foraging niches 

are sufficiently plastic for forest conservation management strategies 

be considered on a forest by forest basis. The plasticity of foraging 

niches may also account for the small proportion of introduced birds in 

the study area. Competition is probably important in structuring the 

forest bird community . .  Both niche breadths and niche overlaps �ere 

comparable �ith studies on much richer bird assemblages. Introduced 

birds �ere largely confined to fo�est margins and to resources �hich 

�ere previously used by extinct native birds, suggesting that the 

remaining native birds are successfully excluding introduced birds. 
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CHAPTER 1 

INTRODUCTION 

One of the maj or aims o f  ecology is to unders tand the d e t erminan ts  o f  

communi ty compos i t i on . Al though experimen tal results prov i de the mos t  

conv incing tes ts o f  e cologi cal theo r ies , des c r i p t ive da ta from f i eld  

observa t i ons are also use ful ( Ala talo e t  al . 1986 ) . The  s tudy of  

b i rds  has provided much o f  the data used to formulate  and tes t 

ecologi cal theo r i es (Re che r 1985a ) . In Nev Zealand the  s tudy o f  

communi ty ecology in fo res t birds has been neglec t ed ( Gi l l  1 980 ) . Nev 

Zealand is  a group o f  i solated is lands v i t h  relat ively fev na t ive land 

b i rds , vhere  a large par t  of the avifauna has become ext i n c t  in t he 

pas t 1000 years ( Ho ldaway 1989). Wi th the arrival o f  Europeans the 

ra te  of  ex t i nctions increased rap i d ly in conj unc t i on wi th  the  clear ing 

of  indigenous fores t s  for farming and t he i n t roduction  of many mammals 

and exo t i c  b i rd spec i es ( Ho ldaway 1989 ) .  

This  s tudy vas se t  up t o  examine the b i rd communi ty o f  an i nd igenous 

fores t in  the l igh t o f  this his tor ical  pers pec t ive . The u t i l i ty of  

ecologi cal theor i es , d e r ived f rom the  s tudy of  nor thern temperate  and 

t ropical avi faunas , could be inves t igated on vha t may be des cr i bed as a 

large na tural experimen t .  
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1 . 1  Aims 

Many ecolog i s t s  th ink that  competi t i on i s , or  has been , t he mos t 

i mportan t  fac t o r  i n  commun i ty organ i za t i on ( Roughgarden 1983 ,  Schoener 

1983 ) . Suppor t  for the impo r t ance of  compe t i t i on in b i rd commun i t i es 

comes f rom experi men tal ( M ino t  198 1 , Ala talo e t  al . 1 98 5 ) '  

observa t i onal ( Alatalo 1 9 8 1 b, 1982 , B e l l  1 98 5 )  and compa rat i ve work 

( Alatalo e t  al . 1 986 ) . O t hers cons i d e r  the evi dence for compe t i t ion 

to be weak ( Si mbe r l o f f  1 983, S t rong 1 983 ).  There  i s  l i t t le  or  no 

evi dence of i n t erspec i f ic compe t i t i on  in some areas ( � i ens and 

Ro tenber ry 1 98 1 , Moun tainspr ing and Sco t t  1 98 5 )  or s easons ( Rosenberg 

e t  al . 1 982 , Brawn e t  al . 1987 ) . 

In observa t i onal s tud ies  evidence for compe t i t i on has been sugges t ed 

by : 

1 .  Search i ng for  n i che shi f ts concomi tant  wi th changes in  gui ld 

composi t ion  ( Alers tam e t  al . 1974 , Hogs tad 1 978 , Alatalo 1 9 8 1b , Alatalo 

et al . 1 985 , Rabol 1 987 ) .  

2 .  Complemen tar i ty o f  foraging niche axes ( Cody 1974a , Schoener 1974 , 

P i anka 1 978 ) . 

3 .  Seasonal changes i n  n i che use (Ul f s t rand 1977 , Ala talo 1980 , 1982  

�agner 1 98 1 , Bell  1985 , Lau ren t 1986 ) . 

4 .  Ni che expans i on on i s l ands as compared to the mai nland (MacAr thur 

and � i l s on 1 9 6 7 , D iamond 1 9 70, Ala talo e t  al . 1985 ) . 

A maj or a i m  o f  the p�esent  s tudy vas to  d e t ermine t he i mpo r t ance of  

compe t i t i on in  s t ructu ring a New Zealand fores t b i rd commun i ty ,  and 
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each o f  t he above poi n ts vere cons i dered . 

The maj or i ty o f  commun i ty s t ud ies , especi ally t hose of  fores t bi rds , 

are under t aken during the breeding season . Many birds are  t e r r i tor ial 

vhen breed i ng ,  and the males are usually conspi cuous , a i d i ng popula t i on 

quan t i f i cat i on and ni che s tudy . Hovever , impor t an t  fac t o rs d e t e rmining 

the occurrence  and abundance of bi rds in temperate regions  a c t  ou t s ide  

the breed i ng s eason ( Lack 1954 , 19 66 ,  Fretvell 197 2 ) . As b i rds 

generally breed vhen food is mos t abundan t ,  compe t i t i on for food a t  

this t ime o f  year may be reduced or  absen t ( Rosenberg e t  al . 1 982 ) .  

Therefore i nves t iga t i ons of communi ty s t ruc t ure should cover the vhole  

year . 

I t  has been sugges ted tha t vege t a t ion s t ruc ture coupled vi th  food 

resource ava i lab i l i ty and abundance, provide par t i cular comb ina t i ons o f  

foraging oppo r tun i t i es for bi rds tha t in  turn de t ermine  vh i ch b i rd 

species  can forage success fully and surv i ve there (Holmes and Reche r 

1 986b ) . The fo raging opportuni t i es avai lable to fo res t b i rds  are 

influenced by t re e  species ( Holmes and Robinson 1 98 1 ,  V i rkkala 1988 ) , 

foliage height  ( Pearson 1 9 7 1, Holmes e t  al . 1979 , Beedy 1 98 1 ,  F r i th 

1984 ) , the s i te or subs trate  ( Landres and MacMahon 1980 , Moreno 1 98 1 , 

Ala talo 1982 , A i rola and Barre t t  1 9 8 5 , Holmes and Recher 1986a , 

Carras cal e t  a l . 1987 ) ,  and foraging technique ( Robinson and Holmes 

1982 , Holmes and Robinson 1988 ) . Gene ral i z a t ions about  t he rela t ive 

impor t ance of these factors in s t ruc tur ing fores t b i rd commun i t i es 

requi re more  i nformat ion . I stud i ed he i ght , t ree species and subs t r a t e  

u t i l i s a t ion . The tree  species preference of  b i rd species  v ere measured 

to  iden t i fy vhich  tree species ve re impor tan t for each b i rd species . 
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B i ogeographi cal  theory pred i c t s  that s pecies on i slands w i ll have 

larger n i ches than congeners on the mainland ( MacAr thu r and � i lson 

1 9 67 , D i amond 1970 ) . It is assumed that where there are fewer spec ies 

there are  fewer compe t i t ors , and compe t i t i ve release resul t s  i n  broader 

n i ches . This  theory was tes t ed by comparing ni ches of  spe c i es common 

t o  b o t h  Aus t ra l i a  ( ma inland ) and New Zealand ( is land ) .  A dd i t ionally , 

i n  New Zealand  the recen t ex tinc t i on o f  several b ird species  and 

i n t roduc t i on o f  many o thers has mean t tha t the propo r t ion o f  exo t i c  

b i rd s  w i thin  t h e  fores t b i rd commun i ty could be qui te large. As a 

resul t o f  these  changes the b i rd communi ty may be in a s ta t e  o f  flux . 

For  these  reasons t he in tegrat i on o f  the int roduced b i rds  wi t h  the 

na t i ve b i rd s  was examined . 

MacArthur  and MacAr thur ( 1 9 6 1 ) used divers i ty measures t o  s h ow tha t the 

s t ruc tural complexi ty of  the environment was rela ted t o  the number of 

b i rd speci es  in  that  envi ronmen t .  Numerous researchers have ver i f i ed 

t h i s  rela t i onship  ( MacArthur 1964 , Recher 1 969 , Karr and Ro t h  1 9 7 1, Rov 

1 975 , Beedy 1 9 8 1 ) , but  o t hers  have not  found s t rong corr ela t i ons 

be tween b i rd spec i es d iv e rs i ty and 

1 9 7 4 , � i l ls on 1 9 74 , Caro thers e t .  al . 

1 9 7 6 , E rdelen 1 98 4 , Ralph 1 985 ) .  

foliage he ight  d i versi ty ( Tomo f f  

1974 , Pearson 1 9 7 5 , 197 7 ,  Ro th 

S tud i es of  b i rd communi t i es us ing 

de tai led  mul t i va r i a t e  s ta t i s t i cs have tended to concen t ra t e  on the 

s t ructural features of  t he i r  habi tats  ( James 197 1 , Anderson and Shugar t  

1 974 , Collins e t  al. 1982 , James and �amer 1982 , Mehlop and Lynch 

1 986 ) . In these  s t ud i es the mos t s i gni f i can t s t ructural d e t e rminan ts  

of  bird  s pe c i es d i s tr i buti ons were associa ted w i th canopy s i z e . 

Var i ables whi ch meas�red t ree spe c i es compos i t i ons were confined to a 

few summary measures such as pe rcen t coni fers and t ree spec i es 
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r i chness; but where  these var i ables were included they were also 

impo r tan t in d is tinguishing b i rd spec i es group ings . 

Recher ( 1 985b )  s ta ted tha t the ul timate goal o f  ecologis ts is to 

produce a general theory wh i ch will  explain  pa tterns and pred i c t  the 

consequences of changes to the envi ronmen t .  It is  appare n t  tha t bo th 

the phys i cal s tructure and the spec i es compos i ti on of the vegeta tion 

are impor tan t parame te rs in  b i rd commun i ty relati onshi ps ( Cody 1974a ) . 

G i lmore ( 1985 ) showed tha t plant spec ies compos i ti on and plant species 

s truc ture tend to vary concurren tly but s truc ture is  the i mpor tan t 

fac tor in d e termi n i ng b i rd spe c i es d is tri bution ,  I tes ted the 

app l i cab i l i ty of  this hypo thes is wi th in  my s tudy area . 

M i xed speci es flocking , par t i cularly in w i n te r  or the n on-bree d i ng 

seasons, is a common phenomenon ( Morse 1970 ) . Optimal foraging theory 
-

( Pyke e t  al . 197 7 )  s ugges ts that  the ind i v id uals in  mixed species 

flocks mus t be maxi mis i ng the i r  Darwi nian f i tness . Morse ( 1978 ) 

presen ted a model for  the presumed advan tages of  m ixed speci es 

flocking . I f  overlap i n  foraging inc reases then mixed s pe c i es flocking 

is  food med i a ted . Fac tors such as copy i ng the foragi ng ac t ivi ty o f  

o ther species and increased flus h i ng of  prey will  b e  i mpor tan t .  

Conversely , i f  overlap decreases then mixed species f locking may be 

predator med iated . The relevance o f  these models to foraging n iche 

complemen tar i ty in the s tudy area during w i n te r  was assessed . 

1.2 Analys is 
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A variety of analytical techniques were used in this thesis. A short 

description of the techniques used, together with the reasons for 

selecting each technique, follows. 

Oiyersity, evenness, niche breadth and niche overlap 

Diversity indices were calculated using the Shannon-Veaver diversity 

formula (Shannon and Veaver 1949). The Shannon-Veaver equation is: 

H 
= _! �=1 

where s is the number of categories and pi the proportion of 

individuals in the ith �ategory. This index varies less with sample 

size than the indices of Simpson ( 1949) or Hill ( 1973) (Beedy 1981). 

The Shannon-Veaver equation was used to measure both diversity and 

niche breadth. Pielou ( 19 6 6 )  noted that among all communities 

containing a fixed number of specie� (s), diversity is maximum when all 

the species are equally abundant and that the maximum diversity (Hmax) 

is equal to the natural logarithm of the total number of species. This 

observation led her to define evenness ( J ) as the ratio of the 

diversity index of the community to the maximum possible diversity of 

that community: 

J = H/Hmax H/Ln(s) 

The index of overlap used to measure coincidence of distribution was: 

= 1 - o. s 2. I pi j - ph j 1 
j. 

(Schoener 1970) where pij is the proportion of species i in resource 
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s t at e j and phj i s  the propor t i on o f  species  h i n  the same resource 

s tate . Over lap is 0 (m inimum ) when two spec i es ,  i and h ,  share no 

resource s ta t es , and 1 (max imum ) when the propo r t i onal d i s t r i bu t i ons of 

two spec i es among the resource s ta tes are i d en t i cal . 

The mos t common cr i t i c i sm of  these s i mple measures in n i che analyses i s  

that they do  not t ake in to  accoun t resource avai lab i l i ty ( Colwell and 

Futuyma 1 97 1 ,  Hurlbe r t  1978 , P e t r a i t i s 1 9 7 9 , Feins inger et al . 1 9 8 1 ) .  

These au thors  sugges t the use o f  measures we igh t ed by resource 

availab i l i t y .  They assume ei ther that t o t al resource avai lab i l i ty can 

be measured or that resource availabi l i ty is propo r t i onal to resource 

use by the  en t i re commun i ty .  Colwell and Fu tuyma ( 197 1 )  p o i n t  ou t 

that : " Unless resource s tates have e cologi cal ly equivalent degrees of  

d i s t i n c t ness  among them , compa r i s ons be tween commun i t i e s  and 

par t i cularly wi th in  communi t ies, are  per i lous . " They also d i s cuss the 

problems associa ted  wi th obtaining adequa te  measures of i n d i v idual 

speci es n i ches . 

In my s tudy the feed i ng n i ches of  the  i n d i v i dual spe c i e s  wi thin  the 

commun i ty were assumed to be related to  the i r  use  of d i fferent  

subs t ra t es for  ac t i ve foraging .  Measurement  o f  the t o t al amoun t of  

each subs t ra t e  avai lable was not  possi ble . The relat i onship of  to t al 

bird communi ty use t o  the actual subs t ra t es avai lable i s  unknown and to  

assume that they are available in proportion to the total bird 

commun i ty use  i s  d angerous . Because of  these factors I used the  s i mple  

unwe igh t ed measures of  n i che bread th and overlap .  

Mul t i va r i a t e  analyses 
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All compound ind i ces , such as d i vers i ty and evenness , have the 

d i s advan tage that they comb ine the e f fects of  variables t hat  

i nd i vidually may be  o f  biologi cal in t eres t ( Pielou 1969 ) . Mul t i var i a t e  

analyses allow u s  t o  descr ibe the rel a t i onshi ps be tween a large number 

of variables . Complex in t e rac t i ons be tween b ird s peci es , p lan t spe c i es 

and vege t a t i onal s t ruc ture can be d i s t i nguished . The consequen t 

pred i c t i ons can be o f  great value i n  resource management . However , 

before the appl i ca t i on of  such t e s t s , i t  is  essen t i al t o  h ave s ome 

unders tand ing o f  the i r  theory , me thodology , and l imi ta t i ons . 

In pr incipal componen t analysis  (PCA ) the princ ipal  components  are 

der i ved by e igen analy s i s  o f  the correlat ion mat r i x  o f  t he o r i g i nal 

vari ables . Each component  represen ts  a port i on of  the  generali zed 

variance present in the o r i ginal data  set . Succes s ive componen ts 

accoun t for decreas i ng propo r t i ons of t he var iance whi l e  r emaining 
-

uncorrel a t ed w i th  prev i ous componen t s  ( Rummel 1970 , P i elou 1 97 7 ) . PCA 

i s  o f ten used as an o rd i nat i on me thod i n  ecological s tud i es ( James 

1 9 7 1 , Smi th 1 9 7 7 , Vhi tmore 1975 , Ro t enberry and Viens 1 980 , Maurer e t  

al . 1 98 1 , Col l i ns e t  al . 198 2 , James and Warner 1 98 2 , Anderson  e t  al . 

1983 ) . Such an ord i na t i on is  a "succes s "  i f  a large propo r t i on o f  the 

vari a t i on in the ori ginal data se t is explained by the f i rs t  two or 

three pr incipal componen ts  ( P i elou 1984 ) . The original  variables can 

be proj e c t ed on t o  th is  two or three d i mensi onal f rame , to  reveal the 

pa t t ern of  the da ta, by plot t ing the e igen values of each var i able . 

Gauch ( 1 98 2 )  has shown that this  type o f  plo t also reduces " no i se "  

assoc i a t ed wi th s t ochas t i c  var i a t i ons i n  the data se t . 

Johnson ( 198 1 )  des c r i bed three speci f i c  problems assoc i a t ed wi th PCA . 
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Fi rs t ,  the analys i s  may s eem be t ter than i t  ac tually i s  b ecause of  the 

presence of a large number of  redundant  var i ables. Second, i t  is  no t  

always easy t o  relate  the  derived fac t o rs back to the  original data  

set . Third , the  p r i n c i pal componen ts are  no t  necessari ly related t o  

how the animal perceives i ts envi ronmen t .  Karr and Mar t in ( 19 8 1 )  

produced s imi lar resul t s  f rom PCA o f  bo th real and random data , 

emphas i s i ng the need for  care ful interpre t a t i on o f  resul t s .  They 

concluded tha t  when the amoun t of var iat ion explained by the f i rs t two 

princi pal componen t s  was s imilar to tha t for a random numbe r s e t  

biologi cal i n t erpre t a t i ons were ques t ionable . 

Mul t ivaria te  techni ques assume that the data are normally d i s t r i buted . 

The e f fe c t  o f  non-normal i ty and non-homogeneous var i ance a re decreased 

wi th large samples (Green 197 9 ) , bu t t rans f o rmat i ons are o f t en 

necessary ( Dunn 1 9 8 1 ) . These t rans forma t i ons may have l i t t le advan t age 

but should be carr i ed out i f  the s ta t i s t i cal  assumpt i ons  are clearly 

violated ( J ohnson 1 9 8 1 ) . Non-li near response by spec i es to var i ab les 

is  a par t i cular problem i n  PCA because l i near combina t io ns of var i ab les 

are produced . A non- l i near data swarm when proj e c t ed i n t o  two 

dimens i ons may give a mislead ing p i c ture o f  the data . The mos t common 

effect  occurs when a series  of samples has been taken along an 

envi ronmen tal grad i en t ,  such as a moun tain  s lope , where  the s pec i es 

respond independen t ly in  a Gauss i an ( no rmal curves ) fashion . The 

pa tern produced by PCA exhibits an arch or horseshoe shape (Pielou 

1984 ) . H i ll ( 1979a )  desc r i bed this  arch as a ma thema t i cal  ar t i fact  and 

devised a t echni que called de t rended cor respondence analysis  (DCA ) to  

overcome i t .  O ther  ·researchers regard the arch as  an  i nherent  proper ty 

of  successive replacement  data which mus t be  cons i de red in any 
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d i s cuss i on or  analys i s  of  such da ta  ( Noy-Mei r  and Aus t i n  1 9 70 , Swan 

1970 , P i elou 1 9 7 7 , 1 984 , Var t enberg e t  al . 1 98 7 ) . Vartenberg et al . 

( 1 987 ) recommend repor t ing the arch unsealed in  two d imens i ons , even 

though i t  is a one d imensional form.  

Des p i te flagran t v iolat i ons of sta t i s t i ca l  as sump t i ons mul t ivar i a t e  

techniques have been use ful i n  def i n i ng communi ty s t ruc tur e .  Johnson 

( 1 981 )  concluded that  there were two possi ble explanat i ons for th is  

apparen t i ncons i s t ency . E i ther b i o logi s t s  were repor t ing the resu l t s  

o f  sophi s t i ca t ed analyses only when they were i n  accord wi th  the i r  

b i o logi cal i n tui t i on and o ther resul t s , o r  the tests  may b e  more 

s ta t is t i cally robus t than is recognized . 

In this thes i s  two d i fferen t types o f  PCA have been used , bo th of  whi ch 

presen t the i n t e r-relat i onships be tween the ind i vi duals and var i ables 

of  data ma t r i ces in a s ingle f i gure . In the f i rs t  t he s t ruc ture 

produced i s  based on the f i rs t  two p r i nc i pal  components  d e r i ved f rom 

analys i s  of the data  se t .  The variables are  plo t ted on the same graph 

as the i n d i v i duals by scal i ng both by the  la tent roo t s . The p r i n c i pal 

component s cores  are d i v i ded by the s quare roo t of the laten t roo t s , 

whereas the  latent  vectors are mul t i pl i e d  by the square r o o t  o f  the 

latent roo t s . On such a graph po i n t s  o r  l i nes whi ch are c lose t oge ther 

are pos i t i vely correla t ed , those a t  oppos i t e s ides are nega t i vely 

correlated  and those at r ight angles are not  correla t ed . The l ength of  

a variable l i ne i nd i cates  the propo r t i o n  o f  the variat i on of  that 

vari able that  is descr i bed by the f i rs t  two pr inc i pal  components . The 

longer the  l i ne the grea t e r  the propo r t i on o f  the variat i on tha t i s  

explained ( Hassard unpubl . ) . 
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The second type o f  PCA i s  a par t i t i on i ng me thod appli ed t o  reciprocal 

averaging o r d i n a t i on (RA ) . RA i s  also known as co r respondence 

analys is . In t h i s  t echnique the var i ab les and the individuals are  

ord inat ed s i mul t aneous ly . Scores are ass igned to  each in  such a way as 

to maxi mize  the correla t i on be tween i ndividuals and var i ables . H i l l  

( 1979 b )  developed a part i t i oning procedure called two way i n d i ca t o r  

spec ies analys i s  ( T�INSPAN) . A s er i es o f  one d imen s i onal RA 

ordinat i ons i s  used to  spl i t  the da ta i n t o  several classes . The 

resul tant  c las s i f i ca t i on is  conside red t o  be more natural t han s tandard 

PCA because  " i nd i fferen t "  spec ies  do no t affect  the resul t s . However ,  

the cos t o f  these  refinemen ts i s  that the  number of  pos s i b le mod i f i ed 

forms increases exponen t i ally and choosing be tween t h em becomes 

increasi ngly subj ect ive (Pi elou 1984 ) .  Add i t i onally , because the  

analys is a t t emp t s  t o  ord i nate  the  d a t a  i n t o  a one d imens i onal space , 

problems assoc i a t ed wi th erroneous calcu la t i ons of  the arch ef fect  may 

arise . Al t hough T�INSPAN is a use ful t echnique for  produci ng 

fores t- type maps, the des i re to produce a d i v i s ive 

obscure the  " real " s i tua t i on . Changes in  

clas s i f i ca t i on 

the selec t i on 

may 

o f  

pseudospeci es cu t levels and the levels a t  whi ch spec i e s  and s i t e 

group ings are d e t ermined can markedly al t e r  the final ou t put . These 

subj ective  d e c i s i ons can be chosen so that  the  final class i f ica t i on 

agrees wi th  the  analys t ' s  preconce ived  no t i ons . PCA o f fers  a mo re 

obj ect ive a l t e rna t ive . T�INSPAN is  commonly used t o  clas s i fy 

vege tat i onal groups on a propor t i onal bas i s . The rela t ive densi ty o f  

each plan t s pec i es a t  each s t a t i on i s  used ra ther than t h e  absolu t e  

dens i ty . 

The use o f  PCA and T�INSPAN in conj unc t i on should decrease the chance 
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o f  m i s i n t erpre t i ng communi ty s truct ure . To sa t i s fy the assump t i on of  

n ormal i ty da ta  were t rans formed be fore PCA by  add i ng one  t o  each da ta  

po i n t  and then taking the  natural logari thm .  TVINSPAN was performed on 

the  raw data . The pseudos pec i es cut  levels were calculated  to 

co rrespond wi th the default  cu t levels for  percen tage d a t a  wi th one 

add i t i onal cut  level a t  50% . Th i s  allowed s tat i on s  to be 

d i fferen t i a t ed by plan t species  dens i ty i n  addi t i on t o  plant  species  

compos i t i on .  FHD and PSD were als o calcula t ed a t  each s t a t i on .  

Clus ter  analys i s  

S t ud i es o f  t h e  forag i ng ecology o f  fores t b i rd commun i t i es are 

numerous . Several au thors have d i v i ded the ind i v i dual spec i es of the i r  

b i rd communi t i es i n t o  gui lds ( V illson 1974 , Her re ra 1 9 78 , Holmes e t  al . 

1 9 7 9 , Eckhard t 1 97 9 ,  Land res and MacMahon 1980 ) . A gui ld i s  a subs et  

of  the  commun i ty i n  which i nd i v iduals use a s imi lar class of  r esources 

in a s im i lar manner  (Root  1967 ) . Group ing spe c i es i n t o  guilds 

fac i l i t a t es recogn i t i on of  commun i ty o rgan i za t i on and i den t i f i es the 

mos t probable compe t i t ors ( Landres and MacMahon 1 980 ) . Gui lds  are 

i d en t i f i ed by several techniques . Some au thors ass ign gui lds 

subj ec t ively on the bas i s  o f  known subs t ra t e  preferences ( V i l l s on 1974 , 

Herrera 1978 , Eckhard t 1 9 7 9 ); o t hers  use clus t e r  analys i s  o f  the 

resource s ta t es used by each spe c i e s  to  formali ze gui ld s t ructure 

( Holmes e t  al . 1 979, Land res and MacMahon 1980; Holmes and Recher 

1 986b ) . The lat t e r  approach has been used i n  this  thes i s  because i t  

provides  an obj ec t ive es t i mati on of poss i ble compe t i t i on .  

May ( 1 975 ) po i n t ed out  the danger o f  es t ima t ing the  overlap i n  n i che by 
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the use o f  aggregat ed measurements  o f  i nd i v i dual resources . Clus t e r i ng 

t echniques based on eucl i d ean d i s t ances cal cula t ed f rom aggregated  d a t a  

se ts  overes t imat e  the  s imilari ty coef f i c i en t s . In my s tudy b o t h  the  

s i ngle axis  and t h e  mul t i-dimens ional niche  bread ths and overlaps were 

calcula ted , aggregated  measures were no t used . A maj or problem occurs 

w i t h  the use of euclidean d i s tances on s parse data mat r i ces . The 

euclidean d i s tance be tween two s parse quad ra t s , or rare species , may be 

qui t e  small d es p i t e  the fact  that none of 

overcame this  p roblem by calculat i ng 

s ta t ions ( Schoener 1970 ) , and used the 

s imi lari ty ma t r i x  for clus ter  analys i s . 

the variables over lap . I 

t h e  overlap be tween s pecies or  

p roport ional overlaps as a 

Various types of clus ter  analys is are available ( Review by P i e lou 

1 984 ) .  The groups def i ned in clus t e r  analysis  are d ef ined by the  

clus tering algori thm used . In this thesis  the unweigh ted pai r  group 

mean clus tering t echn i que was used . 

1 . 3  The s tudy area 

The s tudy area i s  loca t ed on the nor th  eas t ern s lopes of  the Tararua 

Range ( Fig . 1 . 1 ) .  The area was chosen b ecause i t  con tains a var i e ty 

of  fores t types and fores t s  s t ruc tures whi ch  have no t been mod i fi ed by 

logging . The response of the avi fauna to this d i vers i ty was 

inves t i gated . The peaks of the Tararua r ange vary f rom 1 , 200m t o  

1 , 500m and are covered wi th alpine s c rub . The maj ori ty of the range 

l i es wi thin Tararua -S ta te  Fores t  Park . The s lopes of the moun tains are 

covered wi th mixed podocarp-broadleaf f o re s t w i th  pat ches o f  beech . 
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�i thin  the s tudy area s ix t ranse c t s  were es tablished . Each t ransect  

comprised  e igh t b i rd coun t ing s ta t i ons a t  in tervals o f  approxima t e ly 

200 me t res ( Fig . 1 . 1 ) . The s ix t ransec ts  were : 

Transec t  1 a t  360 me t res in  the Mangatainoka S t ream valley . 

Transec t  2 a t  580 me t res in  the Manga tainoka S t ream val ley . 

Transec t  3 f rom t he Manga tai noka forks a t  360 me t res t o  the r idge 

be tween the Mangatainoka and Ruapae cat chment s  at  720 me t re s . 

Transec t  4 a t  720 me t res along the r i dge be tween t he Mangatainoka 

and Ruapae cat chmen t s .  

Transec t  5 a t  580 me t res i n  the Ruapae S t ream valley . 

Transec t 6 f rom 720 me t res t o  the t op of  Herepai a t  1100 me t res . 

The t rans e c t s  were s e t  up so  t hat changes in  d i s t r i bu t i on o f  b i rds  a t  

d i fferent  al t i tudes and in  the maj or fores t types could be s tud i ed . To 

enable t he maximum rep l i ca t i on of coun t s ta t i ons exi s t ing t racks Ye re 

u t i l i zed in es tabl i shmen t o f  t ranse c t s . The vege t a t i on s t ructure and 

compos i t i on around each s ta t i on was i n t ens ively mapped in a compani on 

s tudy ( Drummond i n  prep ) . I analysed the data collec t ed in t he 

bo tani cal s t udy t o  i d en t i fy aspects  of  the vege ta t i on t ha t  af fec t t he 

b i rds . 

The vege t a t i on was arb i t rar i ly d i v i ded i n t o  four t i ers : 

Canopy - Trees wi t h  more than 50% of  t he crown unshaded . 

Subcanopy - Trees > 4 me t res i n  he igh t  bu t under the canopy . 

Shrub - Trees 0 . 5 - 4 metres i n  he ight  under t he canopy . 

Ground Trees < 0 . 5  met res in  heigh t under t he canopy . 

In each t ier  120 t r�es wi thin  40 me t res of  each b i rd coun ting s ta t i on 

were iden t i f i ed ( Append ix 1). At some of  the higher  al t i t ud e  s ta t i ons 
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the subcanopy and shrub layers  were absent or  reduced and fewer than 

120  t rees  were encoun te r e d . Po int  height  in tercept  ( PHI ) data  were 

also collec t ed a t  24 po i n t s wi thin 40 me t res of each s ta t ion ( Append ix 

2 ) . At  each po in t  a range finder was used to  r ecord the ver t i cal 

f o l i age d i s t r ibut i on and the  t ree species o f  each i n t ercept. For the 

purposes of analys i ng b i rd/ plant in t erac t i ons tree  f e rns  were grouped , 

t he maj or i ty were Cya t hea smithi i wi th some Cya thea medular i s ,  

D i cksonia  squarrosa ,  and D i cksonia fi brosa . Two c l i m b i ng r a ta spe c i es , 

Me t rosi deros fulgens and Me t rosi deros di f fusa ,  were also grouped . 

These two groups and 17  t re e  s pecies comprised more t han 9 5% of  the 

woody vege ta tion in  the s tudy area (Table 1 . 1 ) .  

On the bas is of  TIHNSPAN t he s tudy area was classif i ed in to f ive 

vege t a t i onal types ( Fi g . 1.2, Tables 1 . 2 ,  1 . 3 ) , the  var i a tion w i thin  

these groups was demons t ra t ed by  PCA ( F igs . 1 . 3 ,  1 . 4 ,  data  in Appendix 

1 ,  and Appendix -2 ) . 

The upper four s t a t i ons we re  markedly differen t f rom t he res t  of  the 

s tudy area , these s ta t ions were classi fied as subalp ine s crub . They 

were charac teri zed by an abundance of  

and D racophyllum fil i folium , wi th 

leatherwood ( Olear i a  

some s t i nkwood 

colensoi )  

( Coprosma 

foe t id i ssima ) . O ther woody species were almost absen t and the average 

canopy heigh t  and wid t h  were  each les s than one me t re .  Cons equen tly 

there  was no subcanopy o r  shrub layer, and the canopy d ens i ty was 

ex t remely high ( Append i x  3 ) . Stati ons 43 and 44 were more d iverse than 

s ta t i ons 45 through 48 , in addition to leatherwood and Dracophyllum 

s everal of the common fo res t s pecies were also presen t .  The canopy 
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The percen tage occurrence of  common woody 

s pe c i es i n  the  vege t a t i onal s t ra ta of the  study area 
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Tree spec i es Canopy Subcanopy Shrub Ground P . H . I .  

Dacrydium cueress inum RIMU 6 . 1  0 . 7  1 . 7  0 . 3  3 . 5  

Podocareus ferrugineus MIRO 4 . 5  3 . 8  5 . 7  6 . 0 6 . 4  

Podocarpus hal l i i  HALL 2 . 3  3 . 8  7 . 1  1 . 1  2 . 2  

Phyllocladus alpinus PHYL 3 . 2  1 . 1  2 . 5  0 . 8  2 . 4  

No tho fagus fus ca RBEE 15 . 1  5 . 1  1 . 6  3 . 7  13 . 1  

Me trosideros s pp .  RATA 0.0 0 . 0  0 . 6  2 . 9  1 . 4  

�ei nmannia  racemosa KAMA 41 . 8  25 . 4  3 . 8  3 . 7  40 . 8  

Mel i cy tus rami florus MAHO 0 . 8  2 . 6  0 . 3  1 . 4  0 . 8  

Myrs ine sal i c i na TORO 6 . 5  39 . 8  6 . 7  14 . 8  9 . 9 

Griselinia l i t toralis  BRDL 1 . 7  0 . 3 0 . 4  12 . 6  1 . 1 

Elaeocarpus denta tus HINA 0.9 0 . 5  1 . 0  2 . 3  0 . 5  

Carpode tus serratus PUTA 1 . 3  1 . 8  1 . 7  1 . 6  0 . 6  

Pseudowin t era axi llar i s  AXIL 0 . 1 3 . 8  6 . 4  1 . 8  1 . 4  

Pseudowin t era colora ta COLO 0 . 3  1 . 5  5 . 6  3 . 3  1 . 1 

Coprosma foe t i di s s ima CFOE 0. 5 0 . 1 5 . 1  6 . 1  0 . 8  

Coprosma polymorpha CPOL 0 . 2  0 . 2  24 . 3  12 . 8  2 . 3  

Olearia colensoi  OLEC 6.1 o . o  0 . 3  3 . 6  2 . 8  

Dracophyllum f i li fol ium DFIL 2 . 5  o . o  0 . 3  0 . 6  1 . 2 

Cyathea and Di cksonia spp . TFER 1 . 9  7 . 0  13 . 2  0 . 3  3 . 4  

Total percen tages 95 . 8  97 . 5  88 . 3  79 . 7  95 . 7  



Species  

TABLE 1 .  2 

Two-way ind i ca tor  species analys i s  o f  plant  t i ers 

S t a t ion 

11111114 1133333132333222  2 22223 442444444 
34812567 6 780159034456732980120169 2 34578 129345678 

HAHO 0000 
HINA 0000 
PUTA 0000 
RATA ��������--�=-----�----�---r---- 0001 
AXIL 0001 
TFER 0001 
RBEE -;;'"'l'"!""F,........"'77......-.t.,......-;:;--.----�---:::��----;->or--r-r""""''r-t---- 0010 
RIMU 0011 
MIRO 0011 
TORO 0011 
COLO 0011 
HALL �----����������������-----010 
PHYL ---------- 010 
KAMA 011 
BRDL 011 
CPOL 011 
CFOE 1 
OLEC ---------- 1 
DFIL -----�---- 1 

0000000000000000000000 0000000000000000000001111 
00000000000000000000000111111111111111111111 
00000000000111111111111000000000000000011111  
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Values d eno t e  c a t egor i es o f  �bundance d e f i ned by pseudospecies cu t 
levels . The analy s i s  was performed on t he raw data  to  classi fy 
s t a t i ons by plan t  s pe c i es compos i t i on and rela t i ve dens i ty 
concurrent ly .  The pseudospecies cu t levels were calcula t ed t o  
correspond wi t h  t he d e faul t cut  levels for  percent age da t a  wi th one 
addi t ional cut  level at 50% . Values there fore d eno t e  the sum of each 
plant  species p resen t  in all  t ie rs at  each s ta t i on w i th approximat e  
equivalence t o :  

absen t 1 = 0-1% 
4 10-19% 

2 2 -4% 
5 20-49% 

Ver t i cal l ines separa t e  c lasses of s ta t i on a t  
l ines separate  c lasses  o f  spec i es at  level 4 .  
in table 1 . 1 .  

3 5-9% 
6 50- 100% 

level 3 ;  hor i zon t a l  
Plan t s pecies  codes are 



TABLE 1 .  3 

Two-way indi cator spe c i es analys i s  o f  po i n t  he ight i n tercepts 

Speci es Station 

1 1 111333113334222312  2 223322234411444444 
2 6 157 7346883434615759 047900190232885611229345678 

RATA 0000 
PUTA 0000 
AXIL -----------------2 - 0000 
TFER ---11------ ---11-- - 0000 
HAHO ......,...,,...,.--,....,....-.-1-:-:--...,...,.---+---------+--rl--- 0001 
HINA 0001 
RBEE 001 
KAHA 0100 
TORO 0100 
BRDL 0100 
RIHU 0101 
HIRO 010 1  
HALL 0110 
COLO 0110 
CPOL 0110 
PHYL ---------- 0111 
CFOE 0111 
OLEC ---- - ----- 554 1 
DFIL ---------- 443 1 
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Values d enote categories of abundance de f ined by pseudospeci es cu t  
levels . The analys i s  was per formed on the  raw da ta  t o  class i fy 
s ta t i ons by plant speci es compositi on and rela t ive d ens i ty 
concurren t ly .  The pseudospecies  cut  levels were calculated to 
correspond wi th  the defaul t cu t  levels for percen tage data wi th  one 
additional cu t level a t  50% . Values therefore deno te  the number o f  
in tercep t s  o f  each plan t s pec i es present a t  each s tat i on wi th 
approxi ma t e  equivalence to : 

- = absent 1 0-1% 2 2-4% 3 5-9% 
4 = 10-19% 5 20-49% 6 50-100% 

Vert i cal l ines separate classes o f  stat ion at 
l ines separate classes o f  spec i es at level 4 .  
in  table  1 . 1 . 

level 3 ;  horizon t al 
Plant s pec ies codes are 
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FIGURE 1.3 

Principal component analys i s  o f  t ree species d i s t r i bu t i on 

( t iers  data ) 

The f irs t  two princ i pal componen ts  explained 64.1% o f  the 
variation within the data set (PCl = 34.7%, PC2; 29.4%). 
Tree species  abbreviat i ons as in table 1.1, s ta t i ons are 

numbered . Four of the 19 var iables were skewed . 

21 



p 
c 
1 

\ TFER 

3 MAHO 

al��;u::TA '\�A��EE 
f o res t ' AXIL 16 

13 �, 2 
\ 1 6 1 

HINA -�r,34 � 
11143 

\J-5 
35 3340 17 

37 
39 19 

d i verse �BRDL10 3021 
i n termedi at�al t i tude 20232427 

fore��· 12 93228 � 
....-TORO /38 29 
MIRO RIMU 2�� 

high 26 CFOE 
alt i tude  fores t 1 COLO 

41 42 

CPOi j PHYL 
31 

25 HALL 

PC2 

. FIGURE 1.4 

subalpine 
s crub 
48474546 

DFIL 

43 scrub OLEC 
high alt i tude fore s t  

44 

Princ i pal  c omponen t analys i s  of  t ree species d i s tribu t ion  

( po i n t  he ight in t ercep t da ta )  

The f i rs t  two princi pal componen ts  explained 47.9% o f  the  
varia t i on w i t h i n  the  data  se t ( PC1  = 35.2%, PC2 = 22.7%). 
Tree s pecies  a bbrevi at ions as i n  t able 1 . 1, s t a t ions are 

numbered . 14 o f  the 19 var i ables were skewed . 
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height a t  t hese two s ta t ions was 

Al though t h e  subcanopy was absent 

s tat i ons ,  and to a lesser extent  

be tween two and t hree me t res . 

some shrubs were p re s en t . These 

s tat ions 41 , 42 and 2 9 ,  were 

int ermed i a t e  b e tween subalp ine sc rub and h igh al t i tude f o re s t .  

All of t he o ther  s ta t ions in the s tudy area were c lassi f i ed as fores t .  

Kamahi (�einmannia racemosa ) was common in the  canopy and t h e  s ubcanopy 

throughou t the  fores t .  Coprosma polymorpha and broadleaf (Gr isel inia  

li t toral i s )  were common in  the shrub and ground t i ers . 

The s ta t i ons  o f  t ranse c t  one , 1 6 , 1 7  and 18 were charac t e r i z ed by l arge 

numbers of red beech ( No t hofagus fusca) in t he canopy . Mahoe 

(Melicy tus rami florus ) ,  marble leaf ( Carpodetus serra tus ) ,  t re e  ferns , 

hi nau ( Elaeocarpus den tat us ) ,  climbing rata and Pseudowi n t e ra 

axillari s )  were common in  t he o t her t i ers . 

Stat ions 1 1, 1 3 ,  14 , 15 , 33 , 34, 35 , 36, 37  and 40 wer e  in diverse 

fores t . The spec i es found on t ransect one were c ommon a t  t hese  

s tations, wi t h  the  except ion of red beech which was no t found at  the  

stat ions in  the  Ruapae valley . In add i t ion to  the  ubiqui tous kamahi ,  

rimu ( Dacryd ium cupress i num ) and mi ro ( Podocarpus ferrugi neus ) were 

common i n  the  canopy . Toro ( Myrs ine sali cina) and pepper t ree 

( Pseudowin tera  axi llar i s )  were common in  the subcanopy and shrub 

layers . 

The s ta t i ons  o f  t ranse c t  fou r ,  9, 1 2 , 20 , 2 1 , 2 2 ,  23 , and 38 form a 

group ass o c i a t ed wi tn h igh altitude  fores t . Mahoe, h i nau , marb le leaf , 

rat a ,  t ree  ferns and P .  axillar i s  were rare at these s t a t i ons . Hall's 
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t o t ara ( Podocarpus hall i i ) , Phyllocladus alpinus , Coprosrna polymorpha , 

c. foe t id i ss ima , r i mu ,  mi ro  and toro �ere common . A t  some of  the 

s tat i ons along the r idge red beech was common i n  t he canopy , bu t at 

mos t s t a t i ons kamahi was the dominan t spec i es . S t a t i ons 1 0 ,  1 9 ,  2 9 ,  

39 , 41  and 4 2  �ere clas s i f i ed i n t o  d i f feren t groups b y  analys i s  o f  the 

PHI and all t i ers data and �ere  clas s i f i ed as i n t e rmedi a t e  between 

fores t  types . 

The graphs of  the f i rs t  t�o p r i nc i pal components  i llus t rate the gradual 

change i n  fores t compos i t i on �i th al t i tude and the d ichotomy be t�een 

the fores t s t a t i ons and the subalp i ne s t a t ions . The pres ence of the 

subalpine/s crub s ta t i ons i n  the data s�t obscured the forest  species 

in ter-rela t i onshi ps and fur ther analyses excluded the upper s ix 

s t a t ions ( F igs . 1 . 5 ,  1 . 6 ) .  The PCA analyses o f  t he PHI da ta  described 

less of the to tal var i a t i on in the o r i g i nal dat a  s e t  t han analyses of  

the t i ers da t a .  Many of  t h e  vari ables i n  the PHI d a t a  we re skewed i n  

v i olat i on o f  the s ta t is t ical  as sump t i ons . 

FHD was cal cula t ed from PHI da ta by clas s i f ica t i on o f  the i n tercept  

he ights  into 35 one me t r e  classes . There was a high correla t i on 

be t�een FHD and i n tercep t heigh t  ( r  = 0 . 9 1 ,  d . f .  46 , p < 0 . 001 ) .  

Th i s  was par t i cularly ev ident  at the subalpine s t a t ions (Table 1 . 4 ) . 
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TABLE 1 .  4 

Diversity ind ices at each station 

P' o l i a q e  H e i qh t  P l a n t  S p e c i e  a B i r d S pe c i e s  
S t a t i o n D i v e r s i t y  D i v e r s i ty Di v e r s i ty .  

H :1 H J H :1 

1 2 . 8 9 0  0 . 8 2 0 1 .  8 4 6 0 . 4 2 9  1 . 6 9 9  0 . 7 0 8  

2 2 .  7 1 6  0 . 7 7 0  2 .  3 1 2  0 . 5 3 7  1 .  8 4 9 0 .  7 7 1  

3 2 .  8 0 1  0 . 7 9 4  2 . 2 7 5  0 .  5 2 9  1 . 7 9 0  0 . 7 4 6  

4 2 .  9 6 0  0 . 8 3 9  2 . 2 9 2  0 .  5 3  3 l .  8 3 0 0 .  7 6  3 
5 2 .  9 0 1  0 . 8 2 3  2 . 4 4 3  0 .  5 6 8  1 .  7 8  2 0 .  7 4 3  

6 2 .  9 1 2  0 . 8 2 6 2 . 2 6 0  0 .  5 2 5  1 .  6 8 5 0 .  7 0  3 

7 2 . 9 9 9  0 . 8 5 0 2 .  5 6  2 0 . 5 9 5  1 . 7 9 5  0 .  7 4 9  
8 3 .  0 0 8  0 . 8 5 3 2 . ·4 3 7  0 . 5 6 6  1 .  8 3 1  0 . 7 6 4  

9 2 . 7 2 9  0 . 7 7 4  2 . 2 4 0  0 . 5 2 0  1 . 3 5 5  0 . 5 6 5  
1 0  2 .  9 0 4  0 . 8 2 3  2 .  2 8  3 0 . 5 3 0  l .  6 5  7 0 . 6 9 1  

1 1  2 . 5 5 0  0 . 7 2 3  2 . 3 9 7  0 .  5 5 7  l .  8 4 9  0 .  7 7 1  

1 2  2 . 8 2 7  0 . 8 0 2  2 .  3 8  6 0 .  5 5 4  1 .  5 8  7 0 . 6 6 2  

1 3  2 .  7 6 0  0 . 7 8 3  2 .  4 0 1  0 .  5 5 8  1 . 6 0 5  0 .  6 6 9  

1 4  2 .  8 8 1  0 . 8 1 7  2 .  4 3  3 0 . 5 6 5  l .  6 9  4 0 .  7 0 6  

1 5  2 . 8 7 6  0 . 8 1 5  2 .  3 1 2  0 . 5 3 7  1 . 7 7 5  0 .  7 4 0  

1 6  2 .  7 4  4 0 . 7 7 8  2 .  5 1 2  0 . 5 8 4  1 .  7 9  8 0 . 7 5 0  

1 7  3 .  2 0 0  0 . 9 0 7  2 .  3 5 6  0 . 5 4 7  1 .  7 1 0  0 . 7 1 3  

1 8  3 .  2 2 9  0 . 9 1 6 2 . 5 2 2  0 . 5 8 6  1 .  8 3 5 0 .  7 6  5 

1 9  3 . 1 3 4 0 . 8 8 9  2 .  4 2  5 0 .  5 6  3 1 . 6 4 6  0 .  6 8 6  
2 0  2 . 9 3 2  0 . 8 3 2  2 .  3 4 7 0 .  5 4  5 1 . 7 4 4  0 .  7 2 7  
2 1  2 .  4 0 9  0 . 6 8 3  2 .  3 3 4  0 . 5 4 2  1 . 8 6 3 0 .  7 7 7  
2 2  2 .  0 4 7 0 . 5 8 1  2 . 1 4 1  0 . 4 9 7  1 . 4 8 3  0 .  6 1 8  
2 3  2 .  4 3 8 0 . 6 9 1  2 .  2 3 7 0 .  5 2 0  1 .  2 9  9 0 . 5 4 2  
2_4 1 .  8 2 3 0 . 5 1 7  2 .  3 4 3 0 .  5 4  4 l .  4 9 0  0 . 6 2 1  
2 5  2 . 1 5 1  0 . 6 1 0  2 .  2 6  3 0 .  5 2 6  1 .  1 4  6 0 . 4 7 8  
2 6  2 . 4 2 8  .o . 6 8 8 2 .  2 8  2 0 .  5 3  0 1 .  4 9  6 0 . 6 2 4  
2 7  2 .  5 4 1  0 . 7 2 1  2 . 2 7 1  0 .  5 2  8 1 . 1 3 4  0 .  4 7 3  
2 8  1 .  7 6 6  "0 . 5 0 1  2 .  4 0 2 0 . 5 5 8  1 .  4 7 9  0 . 6 1 7  
2 9  1 .  9 0 7  0 . 5 4 1  2 .  3 1 4  0 .  5 3 8  1 .  9 0  7 0 .  7 9  5 
3 0  2 .  6 2 3  0 . 7 4 4  1 .  8 5 3  0 .  4 3 0  1 .  2 7 0  0 .  5 2 9  
3 1  2 . 1 9 7  0 . 6 2 3  2 . 1 3 4  0 .  4 9 6  1 . 5 4 3  0 . 6 4 4  
3 2  2 . 8 9 7  0 . 8 2 2  2 .  O B  9 0 .  4 8 5 l .  8 4 5 0 . 7 6 9  
3 3  2 .  4 8 7  0 .  7 0  5 2 .  3 2 6 0 . 5 4 0  1 . 1 5 8  0 .  4 8 3 
3 4  2 .  4 0 1  0 .  6 8 1  2 . 3 9 5  0 . 5 5 7  1 . 1 3  3 0 .  4 7 2  
3 5  2 .  4 3 6  o ·. 6 9 1  2 . 3 5 7  0 .  5 4  8 1 .  20 6 0 .  5 0 3  
3 6  2 . 5 7 2  0 . 7 2 9  2 .  3 6 1  0 .  5 4  9 1 .  1 2 0  0 . 4 6 7  
3 7  2 . 5 3 4  0 .  7 1 9  2 .  2 7 2 0 .  5 2  8 1 . 1 9  5 0 . 4 9 8  
3 8  2 . 2 7 0  0 . 6 4 4  1 .  9 3 0  0 . 4 4 8  0 . 9 8 3  0 . 4 1 0  
3 9  2 . 6 7 2  0 . 7 5 8  2 . 1 9 3 0 . 5 0 9  1 .  2 1 3  0 .  5 0 6  

4 0  2 . 4 9 7  0 . 7 0 8  2 . 2 1 5  0 . 5 1 5  1 .  1 9  7 0 . 4 9 9  

4 1  2 .  4 6 8  0 . 7 0 0  2 . 1 0 1  0 . 4 8 8  1 .  9 2 0 0 .  8 0 1  
4 2  2 . 2 9 9  0 . 6 5 2  2 .  3 7 0  0 .  5 5 1  1 . 9 4 9  0 . 8 1 3  
4 3  1 . 4 9 9  0 .  4 2 5 2 .  4 3 1  0 . 5 6 5  1 .  4 3 5  0 . 5 9 8  
4 4  1 .  3 0 9  0 . 3 7 1  2 .  4 7 6  0 . 5 7 5  1 . 2 0 7  0 . 5 0 3  
4 5  0 .  4 1 0  0 . 1 1 6  1 .  3 1 1  0 . 3 0 5  1 .  0 7 7  0 . 4 4 9  
4 6  0 . 5 8 3  0 . 1 6 5  1 .  0 2  2 0 .  2 3 8  1 . 1 6  9 0 . 4 8 7  

4 7  0 . 8 7 9  0 . 2 4 9  1 .  4 0 1  0 . 3 2 6  1 . 0 2 9  0 . 4 2 9 

4 8  0 .  6 2 4  0 . 1 7 7  2 .  0 2  7 0 .  4 7 1  1 .  4 0 1  0 . 5 8 4  

H = diversity J = evenness 
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Princi pal component  analys i s  of  tree  s pe c i es d i s t ri bu t ion 

( t i ers data , s ta t i ons  43-48 excluded ) 

The f i rs t  tvo princi pal componen ts  explai ned 56 . 1% o f  the 
variat i on wi thin  the d a t a  s e t  ( PC l  = 40 . 7% ,  PC2 = 15 . 4% ) . 
T ree s pecies abbrev i a t i ons as i n  t able 1 . 1 , s t a t i ons are 

numbered . Tvo of the 17 variables vere skeved . 
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Principal  componen t analys i s  of  t ree s pe cies d i s t r i bu t ion  

( po i n t  hei gh t  i n tercept data ,  s ta t i ons  43-48 exclud ed) 

The f i r s t  two pr incipal components  explained 46 . 4% of the  
varia t ion wi th in  the data  s e t  (PCl = 3 1 . 5% ,  PC2 = 14 . 9%) . 
Tree species  abbrevi a t ions as in table  1 . 1 , s ta t ions are 

numbered . 11  of the 17  var i ab les were skewed. 
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Principal component  analys i s  o f  fores t s truc ture 

( s ta t i ons 1-42 only ) 

The f i rs t  two pr incipal componen ts explained 64 . 3% o f  the 
var i a t i on wi thin  the d a t a  s e t  ( PCl = 48 . 1% ,  PC2 = 1 6 . 3%) . 

S t ructural parame ter abbrev i a t i ons as i n  appendix 3 ,  
s ta t ions are numbered . No variable was skewed . 
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FHD of  t h e  s ta t i ons  i n  t he Hanga tai noka R i v e r  valley ( s t a t i ons 1 -20 ) 

vere signi f i can tly larger ( t 4 0  = 7 . 6 7 .  p < 0 . 00 1 )  than t he o ther f ores t 

s ta t ions . PSD vas calcula t ed from the fore s t  t iers  data  (Table 1 . 4 ) , a 

to tal o f  74 plan t speci es  vas recorded . The f our subalpine s ta t i ons 

had lover P SD but no  pa t t ern  vas evident  in the rest  of the s t udy a rea . 

FHD and PSD were n o t  s i gni f i can t ly correl a t ed ( t 4 6  0 . 64 ) , and when 

the subalpine s ta t i ons  wer e  removed f rom the analysis ( t 4 0  = 0 . 034 ) . 

The in ter-rela t i onshi ps be t ween fores t s t ruc ture and the s ta t ions  o f  

the s tudy area are d i splayed i n  f i gure 1 . 7  (data  i n  Append i x  3 ) . 

Because some o f  the t i ers  were absen t or  m iss i ng at  the upper s ix 

s ta t ions these s ta t i ons wer e  excluded from t he analys i s .  The f i rs t  two 

principal componen t s  expl a ined 6L. . 4% o f  t he vari ance i n  t he data s e t . 

The f i rs t pr incipal component  d i f feren t i a t ed s ta t ions mai nly on the 

bas is o f  t ree s i z e .  The dens i t i es o f  bo th t he canopy and t he shrub 

layers were h ighly pos i t i v e ly correlated wi th  t h i s  component . These 

were nega t i vely correla ted  wi th  mean canopy heigh t ,  mean fol iage w i d t h  

o f  all t hree vege t a t i onal s t ra t a ,  and mean t runk d i ame t e r  o f  bo t h  

canopy and shrub layers . The second p r inc ipal componen t s eparated 

s ta t ions on the bas i s  o f  subcanopy dens i ty and mean t runk d iame ter  o f  

the subcanopy . 

o ther . 

These  parame t e rs were i nversely correlated  w i th each 

The s t a t i ons of  t rans e c t s  o ne and two and t he ass oci a ted  s ta t i ons o f  

transec t three were correla t ed wi th  large t rees . Al l o f  these  

s t a t i ons , wi th the excep t ion o f  s t at i on n i ne , were negat i vely  

' :orrela t ed wi th  p r i n c i pal component  one . The other s ta t i ons wer e  

rrela t ed wi th  small e r  t rees , the excep t ion i n  t h i s  group vas s t a t i on 
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37 . The dens i ty and s i z e  o f  the subcanopy var i ed markedly w i thin  

t ransec t s . 

Prec i pi t a t ion and t empe ra ture were measured at four s i tes  in  the  s tudy 

area : 

A A t  s ta t ion 1 7  near t he Mangat ainoka forks a t  3 60m . 

B A t  s t a t ion 1 1  in the Manga t a inoka valley a t  580m . 

c At  s ta t ion 24 on the r i dge a t  730m . 

D A t  s ta t ion 37  in the Ruapae valley a t  580m . 

Tempera t ure was recorded using a maxima/minima t he rmome ter  a t  each 

si t e .  An analys i s  of vari ance of the recorded t empera t ures i ndi ca t ed 

tha t s i t e  A was s i gn i f i can t ly warmer t han the o ther  s ta t ions ( Table 

1 . 5 ) . Preci p i t a t ion was recorded us i ng 1 50mm capac i ty rain gauges . 

Ini t i al ly one gauge was p laced a t  each s t a t i on but i n  the second year 

of  t he s tudy an add i t i onal two gauges were placed at each s i t e .  

Accurat e  measuremen t o f  t o tal preci pi t a t i on wi thin  the fores t was 

d i f f i cul t , wha t was actually measured was t hroughfall . The amoun t of  

wat e r  whi ch reached each gauge was a ffected  by the surround i ng 

t rees . The presence o f  three gauges a t  each s i t e  enabled the 

quan t i f i ca t i on of  wi thin-si t e  var i a t i on and more accura te  

in t erpre t a t ion o f  d i f ferences be tween s i tes . Us ing t hese t e chniques i t  

was found that  s t a t ions B and D rece i ved s igni f i can t ly more throughfall 

than s t a t ions A and C ( Table 1 . 6 ) . On s evera l  occas ions  t he rain 

gauges wi t h i n  the s t udy a r e a  ove r f lowed be tween v i s i ts hence t he data  

from New Zealand Me teorologi cal S t a t ion  at  Putara three  ki l ome t res from 

the s t udy area were col l e c t ed . The t o tal  mon thly rainfall measured  a t  

Pu tara and t h e  mon t hly maxima/minima  t empera tures a t  s i te C are 

d isplayed in  f igures 1 . 8  and 1 . 9 . Temperat ure cycled annually , wi th  
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maxi ma in  summer and m i n i ma in  �inter . Rai n fall d i d  n o t  vary i n  a 

pred i c table �ay . 



TABLE 1 .  5 

Mean t emperatures wi thin the s t udy area 

MEAN MAXIMUM ( C  

MEAN MINIMUM ( C  

A 

1 5 . 4  

4 . 8  

SITE 

B 

14 . 6  

3 . 7  

c 

14 . 4  

3 . 6  

D 

14 . 5  

3 . 9  

S . E . D .  

0 . 13 

0 . 09 

32 

S . E . D . = The s tandard error  of the d i f ference i n  t emperat ure be tween 

s i tes  on a weekly bas is  calculated  by Analys is of Vari ance . 

Applying Tukeys Tes t 

• A > B  C D 

Level of  s ign i f i cance  

t emperatures . 

0 . 00 1  for bo th  maximum and minimum 



TABLE 1 .  6 

Mean rainfall wi thin  the s tudy a rea 

A 

MEAN RAINFALL ( cm )  A 68 . 9  

MEAN RAINFALL ( cm )  B 6 9 . 2  

SITE 

B 

75 . 0  

79 . 3  

c 

69 . 4  

57 . 4  

D 

69 . 9  

85 . 4  

S . E . D .  

2 . 37 · 

2 . 7 1 
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S . E . D . The s tandard e rror  of  the d i f fe rence i n  rainfall be tween 

si tes on a weekly bas is  calcula ted by Analysis  of Vari ance . 

A Vi s i ts 6 t o  3 9  when t here  was one rain gauge a t  each s i t e .  

B Vis i ts 40 t o  76  when t here were t hree rain  gauges a t  each s i t e .  

Applying Tukeys Tes t 

Interval A no s ign i f i can t d i f ferences be tween s i tes . 

Interval B S i t es D B > A > C 

S i t e  D > s i tes  A and C a t  the 0 . 001 level of  s igni f i cance . 

S i t e  B > s i t e  c a t  the 0 . 001  leve l  n f  s i gn i f i cance . 

S i t e  B > s i t e  A a t  the 0 . 05 level of  s igni f i cance . 

S i te A > s i t e  c a t  the 0 . 05 level of s ign i f i cance . 
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CHAPTER 2 

BIRD ABUNDANCE AND DI STRIBUTION 

2 . 1  In t rodu c t i on 

To es tabl ish  the  rela t i ve i mpor tance of de terminan ts of  b i rd spec i es 

abundance and d i s t r i bu t i on a census t echnique whi ch e s t i ma t es e i ther 

the rela t i ve or absolu t e  abundance of  those b i rd speci es mus t be 

selec t ed . The val i d i ty of  dens i ty es t i mates and the u l t imate  accuracy 

of the d i f feren t types of land b i rd survey are the subj e c t  of deba t e  

(Ralph and Sco t t  1981 ) .  There have been several compar a t ive  s t ud i es o f  

the var i ous census t echni ques b y  s imul t aneous collec t i on o f  d a t a  us ing 
-

two or  more me thods ( Franzreb 1 9 7 6 , 1981 , Emlen 197 7 , Desan t e  1 98 1 , 

Edwards e t  al . 198 1 , Anderson and Ohmar t 198 1 ,  O ' Meara 1 981 , Redmond 

et  al . 1 98 1 , T i lghman and Rus ch 1 98 1 ,  Svensson 198 1 ,  Arnold 1 983 , 

Hamel 1 984 , Shields and Recher 1984 , Verner and Ri t t er 1 985 , 1 988 ) . 

The general conclus i on t o  be d rawn from these papers i s  tha t t he mos t 

accura t e  me thod of es t imat i ng dens i ty i s  banding and s tudy o f  all b i rds 

in an area . All of  the o ther t echniques underes t i ma t e  populat i on 

dens i ty . In  decreas ing accuracy the  o ther me thods were  spo t mapping , 

c i rcula r - p lo t ,  and l i ne t ranse c t  ( van Ri per 1 98 1 ) .  Dawson ( 1 98 1 c )  

argued that  all of  these t echn i ques have problems and none provide  

accura t e  e s t ima tes of  absolu t e  abundance . He  concluded t hat the mos t  

eff i c i en t  type o f  survey gi ven the possi ble sources o f  e r r o r  was a l ine  

t ransect  t e chnique wi th a near/ far ra t i o  ( Jarvinen and Vaisanen 1975 ) . 
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Verner ( 1 981 )  s ta t es t ha t :  " b i rd coun t ing is  a d i s tress ingly i mprec i s e  

sci ence " ,  and poi n ts t o  the high var iance be tween coun t s  as an 

ind i ca t i on of the large number of  bias ing fac t o rs . He concluded tha t , 

whi ls t  improved sampl i ng des ign could reduce t he amoun t o f  b ias , i t  had 

proved impos si ble to coun t accura tely all s pecies  comp r is i ng avi an 

commun i t ies  thus far sampled . 

In New Zealand fores t s  far more  bi rds are heard t han s ee n  and t h i s  

precludes accurate  e s t i ma t es of  d i s t ance ( Dawson and Bull 1 9 75 ) . 

Add i t i onally , the ruggedness o f  the terrain i n  many New Zealand fore s t s  

makes t he use o f  t ransec t censuses d i f f i cul t because t he observer mus t 

concen trate  on p rogress ing through the fores t .  These  d i f f i cu l t i es led 

Daws on and Bull ( 1975 ) t o  develop a cos t e f f i c i en t  me t hod for use in  

New Zealand fores ts . The me thod involves the record i ng o f  every b i rd 

seen or  heard i n  a s ta t ionary coun t over a f i ve-m i nute  peri od . 

Transec ts  through par t i cular hab i t a t s  can be  und e r t aken w i th coun t 

s t a t ions a t  suf f i c i en t i n t e rvals t o  avo i d  overlap of  census areas . The 

techni que was developed to provi de an index of abundance whi ch could 

de t e c t  maj or  d i f f erences in the dens i ty of  common b i rd species  be tween 

areas . I t  canno t be used in comparing t he dens i ty of  the s ame spec i es 

a t  d i f feren t t imes o f  the year o r  for i n t er-spec i es compar isons . Thi s 

is  because no es t ima t ion  of  de t e c t ion d i s t ances i s  included , hence 

d i f ferences in  consp i cuousness could accoun t for mos t of the 

var i ab i li ty be tween s p e c i es o r  s easons . 

Several researchers in  New Zealand have used f i ve-min u t e  b i rd coun ts  t o  

compare b i rd communi t i es i n  d i f fe ren t habi t a t s  ( Vi lkinson  and Gues t 

1977 , Dawson e t  a l . 1 9 78 , Onley 1980 , G i l l  1 980 , Harr i s on and Saunders 
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1981 ,  Vi lson et  al . 1988 ) .  G i l l  ( 19 8 0 )  has shown that  coun ts for  2 

species vari ed i n  conj unc t i on wi th dens i ty assessed by t e rr i t or i al 

mapping . However ,  t here  was concern about  var iat ion i n  the sound 

charac t e ri s t i cs o f  d i f ferent hab i ta ts . V i ley and Ri chards ( 19 8 2 ) 

reviewed t he fact ors  that affect  sound t ransmiss ion ; t h ey concluded 

that quan t i f i ca t ion of sound a t t enuat i on in  d i f ferent habi t a t s  needed 

repeated measu r emen t s  a t  d i f fe rent  locat i ons , heigh t s  above ground , 

d is tances , t imes of  day , and wea ther condi t i ons . In  New Zealand 

Harri son and Saunders ( 19 8 1 )  a t t empted to  quan t i fy var ia t i on in sound 

at tenuat ion . The d i f ferences be tween habi t a t s  were incon s i s t ent  and 

variable . Amp l i f i c a t ion , i . e .  an increase i n  volume w i th  i ncreased 

dis tance , occurred at vari ous d i s tances , frequen c i es and a reas . They 

concluded that  the resolu t i on of  fac t o rs a f fe c t ing sound a t t enua t i on in  

fo res ts would be  an  ext remely complex task.  

To compare FHD and PSD with BSD ,  and to  use PCA to  d es c ri be the 

rela t i onsh i p  of b i rd communi ty s t ru c t ure to fore s t  s t ruc ture and 

compos i t i on , e s t i ma tes of  the dens i ty of each b i rd spe c i es at each 

s ta t ion are requi red . I calcula t ed an index of conspi cuousness by the 

inclus i on of a d i s t ance del imi t e r .  The r e la t ive conspi cuousness 

combined wi th the t o tal count y i e lded an index of abundance . The 

census was then equivalent to  the t ransec t  coun t me thod of Jarvinen and 

Vaisanen ( 19 7 5 ) mod i f i ed for poi n t  coun t s . Because a near/ far ra t i o  

quan t i f i es conspi cuousness i t  can be used a s  a summa t ion o f  bias . Thi s  

allows val i d  compar i sons of  d i f feren t  spec i e s  i n  var i ed hab i tats  a t  

d i fferen t t imes o f  the year . However ,  i f  the number o f  n ear or far 

coun ts is small large errors can resul t due to  chance . This type o f  

bias i s  pr ima r i ly caused b y  small numbers o f  coun ts b u t  can also occur 
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because a spec i es is  inconspicuous or  rare . 

The mod i f i ca t i on o f  the s tandard f ive-mi nute  bird  coun t t o  i n clude  an 

inter ior  area close  to the researcher is eas ily appl i ed . However , the 

mod i f i ca t i on is of maj or sign i f i cance because i t  t rans fo r ms the 

five-minu te b i rd count f rom a coarse index of abundance wi t h  s evere 

limi ta t i ons to a census t echni que . As a result many more c ompar i sons , 

both be t ween hab i t a t s  and species , can be made . The subsequent 

det ermina t i on of t hose  factors whi ch are mos t impor tant in  s t r u c t u r i ng 

the b i rd communi ty  i s  fac i l i tated . 

In this  chap t e r  e igh t main poin ts  are con s i dered : 

1 .  The general e f fe c t  o f  wind and wa t e r  no ise on the numbers .o f  b i rds 

observed . 

2 .  The use  o f  near/ far ra t i os to  calcula t e  an effec t ive rad i us o f  

d e t e c t ion  f o r  each b i rd spe c i es a t  each group o f  s ta t ions . 

Exam i na t i on o f  the  mean rank o f  these e f fect ive rad i i  i n d i ca t es  

wh i ch envi ronmen tal var iable has the  larges t effect  on b i rd coun t s .  

3 .  The use o f  near/ far  ra t i os in  conj unc t i on wi th to t al number  o f  

b i rds coun t ed t o  calculate  dens i ty i n d i ces . The dens i ty i nd i ce s  

were compared  w i th  to tal b i rd coun ts  a n d  wi th dens i ty e s t imates  

based on near  observa t i ons only . 

4 .  The i n ter-rela t i o nships of  b i rd spec i es d i s t ri bu t i ons w i t h  t re e  

s p e c i e s  d i s t r i bu t ions and fores t s t ruc ture . 

5 .  The t o tal numbers  of  each b i rd speci es  observed i n  each mon t h  o f  

the s tudy . 

6 .  The rela t i ons h i p . o f  changes in numbers  o f  bi rds observed to  changes 

in conspi cuousness and es t imates of changes in dens i ty on a mon thly 
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7 .  S i mi lar i ty of  b i rd species d i s t r i bu t i ons w i thin the s tudy a rea 

be tween years . 

8 .  Seasonal  movemen t o f  b i rds wi th in  the s tudy area . 

2 . 2  Me thods 
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For ty-e i gh t  bi rd coun t ing s ta t ions on s i x  t ransec ts were e s t ablished 

( F i g .  1 . 1 ) .  F rom Sep t ember 1 98 2  un t i l  February 1985  mod i f ied 

fi ve-minu t e  b i rd coun ts  ( Dawson and Bull  1975 ) were execu t ed a t  each 

s t a t i o n .  The mod i f i cat ion cons i s t ed of  recording each b i rd observed as 

near or far . Near observa t i ons were wi thin  20m hori zon t al ly o f  the 

observer ; all o ther observa t i ons were far . B i as due to t ime of  d ay 

was el iminated  by making three coun ts  per month a t  each s ta t i on ;  

morning , middle  o f  day and af t ernoon . No coun t s  were made w i thin  2 

hours of  dawn o r  dusk . B i as due t o  d i f fe ren t ial  weather cond i t ions  was 

reduced by avo i d i ng adverse wea ther cond i t i ons . The near/far  ra t i o  was 

used to der i ve ind i ces of relat ive abundance . The index was based upon 

the l inear model of  Jarvinen and Vai s anen ( 1975)  mod i f i ed for poi n t  

coun t s  ( Append i x  4 ) . T o  calcula t e  the index of  abundance a t  each 

s t a t i on the s t a t i ons were g rouped . 

Group 1 = S t a t i ons 1 -8 , 1 7 , 1 8 T ransec t one and rela ted  s ta t i ons 

Group 2 S ta t i ons 9-16 , 1 9 , 20 T ransect  two and rela t e d  s t a t ions 

Group 3 S t a t i ons 21-32 , 4 1-42 Fo res t s t a t i ons of the r i dge 

Group 4 S t a t i ons 33-40 T ransect  three 

Group 5 S t a t i ons 43-48 Subalpine and scrub s t a t i on s  
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This m i n i mi zed s t ochas t i c  e f fects  on the near/ far rat i o .  Rad i i  of 

detec t ion were e s t i ma t ed for each of these groups . The relat ive 

dens i ty per s t a t i on vas compu t ed f rom the to t al numbers  o f  bi rds 

observed a t  tha t s tat i on and the effec t i ve rad ius at t hat  group of 

s tat i ons . The accuracy o f  the me thod vas checked by comparing the 

dens i t i es ob tained w i t h  es t imates based on the number o f  near bi rds 

observed . Vhen dens i ty vas calcul a t ed on near observa t i ons only i t  vas 

assumed that  all b i rds wi t h i n  20m of the obse rver wer e  r ecorded . 

However , t h i s  calcula t i on would be an underes t ima te o f  populat i on 

dens i ty because some bi rds would  be m iss ed . 

Da ta recorded i n  each coun t : 

1 .  The coun t s ta t i on .  

2 .  New Zealand S t andard Time  a t  the s tar t  o f  the coun t . 

3 .  The w ind noi s e  on a subj ec t i ve scale 

0 calm 

1 some leaf movement  no no i s e  heard 

2 d i s tan t rus t le 

3 immed i a t e  no i se , twigs and small branches moving 

4 immed i a t e  no i se wi th gus ts , b ranches movi ng 

5 con t inuous high wind 

6 gale , leaves be i ng s t r i pped o f f  t rees 

4 .  C loud cover in  oc tas . 

"'at e r  no i s e  o n  a subj e c t ive 

1 no wa t e r  noi se 

scale 

2 low level wa ter noise  

3 med ium level '"a t er noi s e  

4 high level wa ter  noise 
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6 .  The numbers o f  each b i rd speci es observed . 

To quan t i fy envi ronmental noise  on an obj ec t i ve scale a Bruel and Kj aer 

preci s i on sound level me ter type 2206 was used on three f i e ld t ri ps . 

2 . 3  Resul ts  

Quan t i f i ca t i on o f  envi ronmental noise  

Bi rd coun t s  a t  d i f ferent s ta t i ons in  my  s t udy a rea were b i ased by 

env i ronmen tal vari ables . Some of the  lower al t i tude s ta t i ons , 

par t i cularly t hose on t ransec t one , were close t o  s t reams whi ch 

produced backg round wat er noise  . The upper s t a t i ons were more exposed 

to wind and the  related background no i s e . The coun ts at  s t a t ions 43 

through 48  were further  bi ased because the observer could see  over the 

top of  t he canopy and sound was not i mpeded by i n tervening vege t a t i on .  

The mean decibel  coun ts for  d i f ferent levels of background no i se a re 

d i splayed in  table 2 . 1 .  The decibel me t e r  d i d  no t measu re no i se o f  

less than 30  dec i bels , bu t only the lowe s t  category o f  no i s e  was i n  

this  range . The t o tal number of  b i rds observed decreased wi th 

increas i ng wind  no i s e  ( Fi g .  2 . 1 ) . Vind no i se of  three or  grea t e r  

s igni f i can t ly a f fe c t ed the number o f  b i rds  observed (Tukeys one way 

analys i s  of vari ance alpha < 0 . 05 ) . 

The ef fec t o f  water  noise  on coun t e f f i ciency was d i f fi cul t to  

evaluate . The low . al t i tude t ransec ts  had h i gh dens i t i es of  b i rd s  bu t  

were also  nea re s t to  the  s t reams . Consequen t ly more b i r d s  were  
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observed  at low and i n t e rmed i a t e  levels of  water  n o i s e  t han when no 

wa t er  n o i s e  was heard ( F i g .  2 . 2 ) . �ater noise levels  of  four were 

regularly recorded a t  s ta t ion 1 7  whi ch was wi thi n 20 me t res  of the 

Manga ta inoka S t ream , t h i s  level of  n o i se was only r ecorded at o ther 

s ta t i ons when the s t reams were in flood . �ind no i s e  af f ec t ed coun t 

e f f i c i en cy more than wa t e r  no i s e  ( F i g .  2 . 3 ) .  Add i t ionally , forest  

s t ruc ture and topography i nfluence sound a t t enuat i on and thus b i rd 

coun t s .  

B i rd d i s t r i bu t i on and abundance 

Eighty mod i f ied  f i ve-minu te  b i r d  coun ts  were conduc t e d  in the s tudy 

area . The t o t al number  of observa t i ons of each s pec i es , s c i en t i f i c  

names , common names and abbrev i a t i ons used i n  subsequen t f igures and 

tables are d i splayed in table 2 . 2  ( t o tal numbers of  b i rds observed at 

each s t a t i on in Append ix  5 ,  p ropor t i ons near/ far i n  Ap pend ix 17 ) .  

Twen ty-n i ne b i rd species  were observed in  the s tudy area . Eight  o f  

these s p e c i es were no t res ident  wi t h i n  the  s t udy area (Table  2 . 2 ) .  
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TABLE 2 . 1  

Quan t i f i ca t i on of environmen tal  noise 

Wat er  W i nd Mean S tandard Number o f  
Noi se  Noise  Dec i bels  Devi a t i on Observa t i ons  

0 1 <30 . 00 ** 6 

0 2 31 . 4 3  0 . 63 20 

0 3 33 . 8 9 0 . 93 9 

0 4 42 . 07 4 . 45 14 

0 5 53 . 00 4 . 00 3 

0 6 60 . 00 ** 1 

1 2 3 1 . 00 0 . 00 3 

1 3 32 . 00 ** 1 

2 2 33 . 3 1 0 . 95 13  

2 3 35 . 2 1 2 . 29 14  

2 4 40 . 2 7 4 . 69 11  

2 5 51 . 00 1 .  41  2 

3 1 36 . 8 3  0 . 29 3 

3 2 4 1 . 32 3 . 87 11  

3 3 46 . 1 7 4 . 15 18 

3 4 46 . 53  2 . 83 15 

4 2 53 . 00 * *  1 
.l 

4 4 62 . 00 ** 1 

* *  s tandard deviat ion no t calculable 
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TABLE 2 .  2 
To t al numbers o f  b i rd s  observed in  f i ve-minu t e  b i rd coun t s  

f o r  a l l  speci es  observed in  the  s t udy area 

S d en ti  f i e  Name 

Tadorna variega ta 
Ci rcus approximans 
Larus domini canus 
HeffiTPhaga novaeseeland i ae 
Falco  n ovaeseeland i ae 
cyanoramphus auri ceps 
Platycercus eximius 
Kaka t oe galeri ta  
Cha l c i t e s  luci dus 
Eudynam i s  tai t ens i s  
Ninox novaeseelandi ae 
HalcYon sancta  
Acan thi s e t t a chlor i s  
Rhipi dura fuliginosa 
Pe t ro i ca macrocephala 
Mohoua albi cella 
Gerygone iga ta 
Turdus merula 
Turdus phi lomelos 
Prunella  modular i s  
An t hus novaeseeland i ae 
An t ho rn i s  melanura 
Pros themadera novaeseeland i ae 
Zos t erops lateralis  
Chlor i s  chloris  
Carduel i s  carduel i s  
Fringi l la coelebs 
Ember i z a  ci t r inella 
Gymnorhina t i b icen 

Common Name 

Parad i se She lduck 
Aus t ralas ian Har r i e r  
Domini can Gull 
New Zealand Pigeon 
New Zealand Falcon 
Ye llow-Crowned Parakee t 
Eas tern Rosella 
Sulphur-Cres ted Cocka too 
Sh ining Cuckoo 
Long-Tai led Cuckoo 
More pork 
New Zealand King fi sher  
Ri fleman 
Fan ta i l  
Tom t i t 
Wh i t ehead 
Grey Warbler 
Blackb i rd 
Thrush 
Dunnock ( Hedge Sparrow ) 
New Zealand Pipi t 
Bellb i rd 
Tui 
S i lvereye 
Greenf inch 
Gold f inch 
Cha f f inch 
Yellowhammer 
Aus t ral i an Magpi e  

Code 

SHEL 
HARR 
GULL 
PIGE 
FALC 
PARA 
ROSE 
COCK 
SHIN 
LTCU 
MORE 
KING 
RIFL 
FANT 
TOMT 
lJHIT 
lJARB 
BLAC 
THRU 
DUNN 
PIPI 
BELL 
TUI 
SILV 
GREE 
GOLD 
CHAF 
YELL 
MAGP 
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Count  

2 R 
0 
3 

122 R 
32 R 
78  R 

1 
0 

63 R 
49 R 

0 R 
2 6  R 

1383 R 
856 R 

2179 R 
3380 R 
2994 R 
755 R 

27 R 
1 90 R 
20 R 

775 R 
158 R 

2853 R 
4 
9 

646 R 
0 

38 

Spe c i es wh i ch were observed in  the  s tudy area bu t not  during a five 
m inu t e  b i rd coun t are i ncluded , they have a coun t of  zero . 

R = S i gn i f i es a res i d en t  b reed ing species. 
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Magpi es were the mos t f requen tly observed v i s i tors . Magpies 

occas ionally flew in  f rom the surrounding farmland and sang 

conspi cuously f rom the top  of large t rees . Of the twenty-one resident  

speci es only eleven were  seen in  suf f i c ient  numbers in  the  fores t ed 

par t  of  the s t udy a rea for  the densi ty index to  

observat ions o f  some of  the  rarer res i den t 

ascer tain  further  i n forma t i on .  

be app l i ed . Direct  

s pecies allowed me  to  

One  pai r of parad i s e  shelduck bred success fully i n  the  Mangatainoka 

River  each year . I t  may have been the same pair each y ear . They 

ranged from s ta t i on 5 out  to the surrounding farmland . One pai r  of  

falcons were occas i onally present wi thin the  s t udy area . In  the summer 

of  1 983 /84 they nes ted i n  the crown of a large r imu tree  app roximately 

250 me t res sou theas t of  s t a t i on 19 .  No chi cks were obs e rved and they 

d i d  no t nes t wi thin  the s t udy area i n  the previ ous or  subsequent years . 

Low numbers o f -dunnocks , p i p i ts , shining cuckoos , long- tai led cuckoos , 

parakee ts , thrushes and kingfi shers were obse r ved . O f  t he eleven 

common bird s pecies mean d ens i ty ind i ces ranged f rom an es t imate of  4 . 9  

b i rds per  hect are for  r i f lemen to 0 . 03 bi rds per  hec tare for  tui s .  

Var i ab i l i ty i n  d e t e c t ion be tween habi tats  

I n  my s tudy area d i f ferences i n  de tec tabi l i ty were  observed be tween 

habi t a t s  (Table 2 . 3 ) .  These d i f ferences wer e  larges t between fores t 

habi t a t  and subalpine scrub bu t were also i mpo r t ant be tween fores t 

habi ta ts . Inconspi cuous spe c i es , such as r i f leman , vari ed l i t t le i n  

conspi cuousness be tween habi t a ts ind i cat ing tha t unmodi f i ed  f i ve-minu t e  
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TABLE 2 . 3  

Mean f ive-minu t e  b i rd coun t s , b i rd d ens i ty indi ces 

and e f fe c t i ve rad i i  sampled by s t at i on group 

Mean f i ve-minu te  b i rd count s  

Spe c i es : YARB lJHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE 
S t a t i on 
group 

1 . 852 . 52 1  . 7 39  1 . 198  . 19 7  . 280 . 535 . 1 35 . 015  . 004 
2 1 . 067  1 . 6 99  . 225  . 955 . 209 . 584 . 720  . 294 . 088  . 1 24 
3 . 674  1 . 033 . 038 . 474 . 1 25 . 3 1 2  . 625 . 161  . 032  . 014 
4 . 823  . 597  . 066  . 450 . 1 64 . 533 . 547 . 255 . 028  . 005 
5 . 367  . 1 35 . 1 35  . 650 . 158 . 004 . 260 . 185 . 046 . 002 

BLAC DUNN SHIN PIPI LTCU FALC MAGP PARA THRU KING 

1 . 1 1 6  . 003 . 02 1  . 000 . 0 12  . 001  . 010 . 001 . 010 . 030 
2 . 1 75  . 001  . 029  . 000 . 0 1 9  . 014 . 005 . 055 . 01 1  . 001  
3 . 19 7  . 01 3  . 01 3  . 000 . 01 3  . 005 . 006 . 025 . 002 . 000 
4 . 198  . 006 . 006 . 000 . 0 1 1  . 002 . 025 . 005 . 012  . 002  
5 . 36 3  . 350 . 008 . 042 . 004 . 027  . 006 . 004 . 000 . 000 

Effec t i ve rad i i  sampled ( me t res )  

Spec i es :  lJARB lJHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE 
S ta t i on 
group 

1 36 . 1  34 . 4  30 . 5  35 . 2  6 2 . 6  1 5 . 4  46 . 0  8 7 . 9  44 . 4  * 
2 50 . 7  43 . 8  32 . 8  4 7 . 2  1 2 2 . 6  1 5 . 5  43 . 2  9 6 . 8  5 8 . 7  16 . 6  
3 49 . 9  5 1 . 7  36 . 8  47 . 6  70 . 1  15 . 3  46 . 4  60 . 5  55 . 4  17 . 1  
4 42 . 8  54 . 4  31 . 2  62 . 0  78 . 8  1 4 . 9  46 . 4  139 . 6  8 0 . 0  * 
5 125 . 8  * * 50 . 6  1 1 7 . 0  * 74 . 3  1 76 . 8  * * 

BLAC DUNN SHIN PIPI LTCU FALC MAGP PARA THRU KING 

1 39 . 6  * 32 . 1  * * * * * * * 
2 74 . 1  * * * * * * * 37 . 8  * 
3 93 . 8  7 2 . 7  50 . 2  * * * * 100 . 3  * * 
4 . 150 . 6  * * * * * * * * * 
5 1 1 1 . 9  60 . 2  * 40 . 1  * 6 7 . 4  29 . 8  * * * 

* e ffect ive rad ius sampled no t calculable .  
B i rd species  s c i en t i f i c  names in  t able 2 . 2  
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TABLE 2 . 3  con t i nued 

Dens i ty indi ces ( b i rds per hec tare ) 

Spe c i es : YARB YHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE 
S t a t i on 

group 
1 2 . 08 1 . 40 2 . 52 3 . 08 . 1 6 3 . 76 . 8 1  . 06 . 02 ** 
2 1 .  3 2  2 . 82 . 66 1 .  3 6  . 04 7 . 76 1 . 23 . 10 . 08 1 .  4 3  
3 . 86 1 .  2 3  . 09 . 67 . 08 4 . 26 . 93 . 14 . 03 . 15 
4 1 . 43 . 64 . 22 . 3 7 . 08 7 . 60 . 8 1  . 04 . 01 ** 
5 . 07 * o . oo . 8 1 . 04 * . 15 . 02 * ** 

BLAC DUNN SHIN PIPI LTCU FALC MAGP PARA THRU KING 

1 . 24 * . 07 0 . 00 * * * * * * 
2 . 10 * * 0 . 00 * * * * . 03 * 
3 . 07 . 01 . 02 0 . 00 * * * . 01 * 0 . 00 
4 . 03 * * o . oo * * * * * * 
5 . 09 . 31 * . 08 * . 02 . 02 * o . oo o . oo 

* = no near bi rds observed . ** = no far bi rds observed 

Dens i ty per hec tare  ( based on near observa t i o ns only ) 

Species : YARB YHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE 
S t a t i on 
group 

1 1 . 63 1 . 08 1 . 88 2 . 40 . 1 4 1 . 88 . 67 . os . 02 . 03 
2 1 . 1 1 2 . 3 1 . 5 1 1 . 1 3 . 04 3 . 90 1 . 00 . 09 . 07 . 7 7 
3 . 7 2 1 . 04 . 07 . 55 . 07 2 . 1 1 . 7 7 . 12 . 03 . 09 
4 1 . 1 7 . 55 . 1 6 . 32 . 07 3 . 68 . 67 . 04 . 01 . 04 
5 . 07 . oo . oo . 68 . 03 . 00 . 1 3 . 02 . 00 . 02 

BLAC DUNN SHIN PIPI  LTCU FALC MAGP P.ARA THRU KING 

1 . 19 . 00 . os . 00 . 00 . 00 . 00 . 00 . 00 . oo 
2 . 09 . 00 . oo . 00 . oo . oo . 00 . oo . 02 . oo 
3 . 06 . 01 . 01 . oo . oo . oo . oo . 01 . oo . oo 
4 . 02 . oo . 00 . 00 . oo . oo . 00 . 00 . oo . 00 
5 . 08 . 27 . 00 . 07 . 00 . 02 . 02 . 00 . 00 . 00 

Mean rank effec t ive  rad ius sampled per s ta t i on group 
( spp 1 - 1 1  exclud ing PIGE ) 

1 = 1 .  2 2 = 2 . 8  3 = 2 . 65 4 3 . 65 5 = 4 . 5  

Group 1 S t a t ions 1-8 , 17 , 18 Transec t  one and r e la t ed s ta t ions 
Group 2 S t a t ions 9-16 , 1 9 , 20 Transec t  two and related  s ta t ions 
Group 3 S t a t ions 2 1 -32 , 4 1 -42 Fores t s ta t i ons of  the r i dge 
Group 4 S t a t i ons 3 3-40 Trans e c t  t hree 
Group 5 S t a t i ons 43-48 Subalpine and scrub s tat i ons 
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bi rd coun ts  can be  used  as an index of  abundance for  t h i s  spec ies  

(Table 2 . 3 ) .  The d e t e c t ion o f  conspi cuous s pec ies var i ed between 

fores t habi t a t s . For t hese species five-minu te  bi rd count s  s hould n o t  

b e  u s e d  a s  indi ces o f  abundance . F o r  example , t h e  f i ve-.m inu t e  b i rd 

coun t s  o f  warblers ind i ca t ed tha t t hey were mos t abundan t on t ransec t 

t wo , but  analys i s  o f  the  near/ far rat i o  o f  observat i on s  indi cat ed t ha t  

thei were ac t ually more abundan t on t ransec t one where they were less  

cons p i cuous (Table 2 . 3 ) .  

Mos t s pec ies were leas t d e t ec table on t ransec t one . These s tat i ons  

were  at  the  bo t t om o f  t he Manga tainoka valley close t o  the  r iver i n  

dense , high-canopy fores t all o f  whi ch combined t o  d iminish  t he number 

of far  observa t i ons . T ransec t two and the s t a t i ons of  the  ri dge had 

s i milar  e f fec t ive rad i i  o f  detec t i on for mos t spec i es . Transec t two 

was i n  h i gh-canopy , relat ively shel tered fores t ,  whe reas the  s t at i on s  

o f  the  r i dge were i n  l ow-canopy fores t bu t were more exposed t o  w i n d  

and t h e  assoc i a t ed n o i s e . Transect  f ive was i n  fores t o f  s im i lar 

canopy height  t o  that  of  t he ri dge s ta t ions , but was shel t ered  f rom the  

wind . Transec t  f i ve was subj ect  to  cons iderable wa t er no ise  from the 

Ruapae S t ream , but  desp i te  this noise  many far  observa t ions were  

recorded . Thi s  was par t i cularly evi den t for  t he mos t cons picuous 

spec i es , bellb i rd ,  t u i , and blackb i rd , whi ch were o f t en heard cal l i ng 

on the  o t her s i d e  o f  the  val ley . Transect  s i x  was e xposed t o  wind  

noise , bu t t h i s  was compensated for  by the low can o py . Mos t 

observa t i ons on t h i s t rans e c t  were of  d i s t an t  b i rds . 

Heigh t  o f  the canopy - was apparen tly the maj or  fac tor  a f fe c t ing bi r d  

count s .  
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Bird/hab i tat  i n te r-rela t ionshi ps 

The four subalpine s t a t i ons ( 45 -48 ) d i f fe red from the res t o f  t he s tudy 

area . The mean canopy heigh t vas one me t re or less . Because subcanopy 

and shrub layers vere def ined as greater  than 0 . 5  me t res bu t under  the 

canopy these layers we re m iss ing a t  the subalpine s t a t i ons . S ta t i ons 

43 and 44 were i n t ermedi a te in vege t a t i on s t ructure and compos i t i on 

between the subalpine s ta t i ons and the fores t s ta t i ons o f  the r i dge . 

S ta t i ons 43-48 vere dominated by lea thervood and Dracophy llum . P i p i ts 

and dunnocks vere observed at these s ta t i ons but only rarely elsevhere . 

The common fores t b i rds , wi th  the excep t i on of  s i lvereyes , vere rare or 

absen t at t hese s ta t i ons . The d i f ferences be tween these s ta t i ons  and 

the fores t s t a t i ons of  the res t o f  the  s t udy area obs cured 

relat i onsh i ps wi t h i n  the fores t in prel iminary analyses . 

The rela t i onship  o f  b i rd speci es d i s t r ibu t i on t o  vege t a t i on and hab i tat  

was i n i t i al ly inves t iga t ed using d i vers i ty ind i ces . A t  the  42 forest  

sta t i ons BSD  was s ign i f i can tly co rrela t ed vi th  FHD (r  = 0 . 36 ,  d . f .  

40 , p = 0 . 01 8 ) , but  BSD and PSD vas no t s i gn i f i can tly correlated ( r  

0 . 30 ,  d . f .  40 , p 0 . 055 ) . The correlat ions o f  b ird speci es 

dens i t ies  v i th envi ronmental vari ables vere calculated  i nd iv idually 

(Append i x  7 ) . The ind ividual vari ables vere no t  i ndependen t and the 

vari a t i on of the b i rd spec i es d i s t r i bu t i ons are d i f f i cul t to i n te rpre t 

from a t able such as tha t in append ix  7 .  To cla r i fy these 

rela t i onshi ps the  Pearson correlat ion coe f f i c ien ts o f  b i rd spe c i es 

densi t i es v i th  the princ ipal component sco res o f  the vege t a t ive 

fea tures of  the 42 fores t s tat ions were calcula ted  ( F igs . 2 . 4 , 2 . 5 ,  

2 . 6 ) . 
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' 

When the  subalp i ne scrub s t a t ions vere excluded , the s tudy area could 

be di v i d ed i n t o  three groups along an a l t i tudinal con t i nuum ( Fi g .  

2 . 4 ) .  Lov a l t i tude , red bee ch domina t ed , hi gh-canopy fores t ,  i n  t he 

Manga t a i noka valley vas as soc i a t ed vi th h i gh densi t i es o f  varbl e r s , 

blackb i rds , fan tails , s i lvereyes and cha f f i n ches ( Fi gs . 2 . 4 ,  2 . 5 ,  

2 .  6 ) . I n t e rmed i at e  al t i t ude , d ivers e , h i gh-canopy fores t vas 

asso c i a t ed vi th high dens i t i es of vhi teheads , tomt i ts ,  p i geon s , tu is  

and r i fl emen ( Fi gs . 2 . 4 ,  2 . 5 ,  2 . 6 ) .  Fever bi rds vere presen t i n  t he 

high al t i t ude , lov-canopy fores t .  The only b i rds associa ted vi t h  t h i s  

fores t vere  bellbi rds . Intermed i a t e  dens i t ies of  r i f lemen and 

cha f f inches and lover densi t ies of the o ther  common fores t b i r d s  vere 

observed . 

Mon t hly vari a t i on i n  numbers of  bi rds observed 

The mean mon thly f ive-minu t e  b i rd coun ts  are d i splayed in f i gure 2 . 7  

( da t a  i n  Append i x  8 ) . Many species  shov a cyc l i cal vari a t i on i n  

numbers  obs e rved . In f i gure 2 . 8  the  mon t h / s pecies i n t e r-rela t i onshi ps 

are presen t ed on one graph . There vere tvo maj o r  pat t erns  t o  the  

numbers  of  b i rds observed . Blackb i rds , cha f f inches , sh in ing cuckoos , 

dunnocks , vh i teheads , t omt i t s and king f i shers  vere observed in g re a t es t 

numbers  from Oc tober t o  January . P i p i ts  and long- tai led cuckoos  ver e  
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The f i rs t  two princi pal componen ts  explained 64 . 3% o f  the  
var i a t i on wi thin  the da ta  s e t  ( PC1 = 34 . 4% ,  PC2 = 29 . 9%) . 

B i rd species  abbrev i a t i on s  as in table 2 . 2 , s ta t i ons 
are  numbered . Three o f  the  1 1  vari ables were skewed . 
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The pearson c o r relat ion coef f i ci e n t s  o f  bi rd s pec i es dens i t i es 
w i th pr incipal c omponen t fac tor scores d e rived from analys i s  o f  the 

p l an t  spec ies d i s t r ibut i ons ( F i g .  1 . 5 ) . 
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B i rd speci es d i s t r i bu t i ons relat i onsh i p s  to  fores t s tru c ture 

The Pearson correla t i on coe f f i c i en t s  of  b i rd species den s i t i es 
wi th princi pal component  factor s cores d e rived from analys i s  o f  the 

fores t s t ructure ( F i g .  1 . 7 ) . 
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Princi pal componen t analysis  o f  mean mon t hly f i ve-minu t e  b i rd coun t s  

The f i rs t  two principal componen t s  explai ned 44 . 1% o f  the 
var i a t i on wi thin  the data set  ( PC1 = 3 1 . 5% ,  PC2 = 12 . 6%) . 
B i rd species abbreviat ions as i n  table 2 . 2 ,  mon ths labeled 

wi th year . 7 of the 20 variables were skewed . 
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observed in much grea t e r  numbers in the f i rs t  summer of the s tudy ; 

thei r  vec t o r  l ines  are t ranspose d  t oward t he left  and are  pos i t i ve ly 

cor relat ed  w i th  t he mon ths  o f  t he f i rs t  summer .  Tom t i ts were  obse rved 

in gre a t e r  numbers  during the subseque n t  summers o f  the s tudy and t he i r  

vec t o r  l i ne i s  t ransposed toward the r i gh t . 

The o ther  maj o r  pat tern was o f  those  s pe c i es whi ch were  observed in  

smal l e s t  number s  dur i ng summe r ; the  i nverse of the  f i r s t  pa t t ern . A 

group comp r i sed  o f  s i lvereye s , t u i s , p i geons and b e l l b i r ds was obse rved 

mor e  f requen t ly in au tumn and w i n t e r  t han in  spring and summe r , wi th 

grea t e s t  numbers  in  1984 . R i f l emen , falcons and magpi es were obse rved 

in great es t numbers during February and March and lowe s t  numbers d u r i ng 

spring and early summer .  

�arble rs had a complex pa t t e rn o f  observed numbers wi t h  peaks i n  each 

year , duri ng November�December and aga i n  in March . A s harp d i p  in 

numbers  of  warblers  was observed each January . In add i t ion , smal les t  

numbers  were  observed in the  f irs t  w in ter  o f  the s tudy . The numbers of  

fan ta i ls , falcons and  thrushes observed d i d  not vary in  a pred i c table 

seasonal pa t tern . The short  vec t o r  l i nes for  these spec ies i nd i ca t e  

tha t the var i a t i on in  numbers obs e rved was poorly descri bed  by the 

f i rs t  two p r i n c i pa l  componen ts . 

The cyc l i cal  nature  o f  the  b i rd s  coun t ed i n  the communi ty as a whole i s  

demons t ra t ed by the  s imi lar pat t ern o f  the  mon ths as  d es c r i bed by the 

f i rs t  two p r i nc i pal componen t s  ( Fi g .  2 . 8 ) . The d i splacemen t of the 

mon ths of the  second . year t o  the r igh t  was d ue to changes in the coun ts 

for  s ome s pe c i es over the course of the s tudy . 
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The r e l a t i onship o f  numbe r s  observed , conspi cuousness and dens i ty 

To d i s t i ngui sh be tween changes in conspi cuousness and changes in  

d ens i ty the  model based  on the near/ far ra t i o  of b i rds  observed was 

appl i ed (Appendix  4 ) . The data  for all years we re combined i n t o  

mon thly t o t als to  look a t  t h e  annual cycle ( Fig . 2 . 9 ) . Dens i ty of  t he 

rarer species  could no t be calcula ted in some mon ths because no near 

b i rd s  were recorded . Also  coun ts of these spe c i es were more 

suscep t i ble to random fluc tuat ions and so less  r e l i able in dens i ty 

es t i ma t i ons . Compari son of  the mean mon thly coun t s  w i t h  the mean 

dens i ty index enables be t t e r  i n terpre tat ion of  the  coun t da t a .  

, 

Chaf f i nches and blackb i rds  were observed in  h i gh numbers dur ing the 

summer breed i ng season and low numbers at o ther t i mes of  the year . The 

dens i ty es t ima t e  for blackb i rds  d i d  not change in conj unc t i on wi t h  the 
-

numbers  observed . The h i ghes t dens i ty occurred in March when the  

numbers observed were l ow . The b i rd s  were more cons p i cuous during t he 

bree d i ng s eason , when the  males were s i nging . Thi s  was r e s pons i ble  for 

the large i ncrease in  coun t s . Dens i ty was h ighes t a t  the end of t he 

breed i ng s eason . In compa r i son , the dens i ty index for  chaffi nches 

changed in tandem wi th  the numbers of  bi rds observed . Chaf f  i nches 

probably en t e red the s t udy area in the breed ing season but  few remai ned 

there all year . The large flocks o f  chaffinches observed on farmland 

adj acen t to the s tudy area in the aut umn and w i n t e r  a re cons i s t ent w i th 

t h i s  hypo t hes i s .  
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Ri fl emen had the smalles t propo r t ional change in dens i ty f o r  any 

spec i es . They had the lowes t average e f f e c t i ve rad ius of d e t e c t ion o f  

any species  in  the s tudy area . There was l i t t le change i n  

conspi cuousness t hroughou t the year , and changes in  number s  observed 

were reflected  in changes in  the densi ty index . Highes t dens i t i es were 

recorded a t  the end o f  the breed ing season when large number s  of  n ewly 

fledged y oung were s een . R i flemen were s een  more o f t en than any o ther 

s peci es ; 84% of r i fleman observat ions were  near . Consequen tly t h i s  

spec i es has t h e  h i ghes t d ens i ty index i nd i ca t i ng tha t r i f lemen  were the  

mos t abundant b i rd i n  the fores t . 

Change i n  numbers o f  warblers observed and i n  consp i cuousness , as 

measured by e f fec t i ve rad i us of detec t i on ,  corresponded wi t h  in tens i ty 

o f  s ong as recorded  by Cunn ingham ( 1955 ) . Densi ty d i d  not  change 

markedly wi th s eason . The highest dens i ty i ndex value for t his spe c i es 

occurred when the  b i rds were leas t conspi cuous i n  May . No full s ong 

was heard i n  t h i s  mon th and propor t i onally f ewer far observat ions were 

recorded . 

The numbers o f  t om t i t s observed peaked i n  November and December when 

t he males  were mos t cons p i cuous . H i ghes t densi t ies  were recorded a t  

the  end of  the  breed i ng s eason in  February and  March when the  young 

bi rds fledged . There was a decrease i n  dens i ty through to Oct ober and 

December . Fan t a i l s  showed a s i milar pat t e rn in  densi ty  bu t wi th the 

peak in d ens i ty s l i gh t ly la ter  in  March . Fan tai ls  d i d  no t change 

markedly i n  conspi cuousness wi th  season . They sang t hroughout the year 

bu t were leas t conspi cuous in winter and most  cons p i cuous i n  early 

summer .  
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�hi t eheads were  observed in smalles t numbers  i n  Apri l ,  May and Jun e ,  

when they we re  observed in  flocks . Dur i ng the breedi ng s e ason the 

males d e fended t e r r i tor ies and sang full song . The spec i e s  was mos t 

conspi cuous i n  early summer ,  bu t low d ens i ty was cal cula t e d . H ighes t 

dens i ty occurred  i n  late  summe r when the young birds fledged . H i gh 

dens i t i es were  also  recorded in the non-breed i ng season when f locks o f  

bi rds were seen . The non-breed ing flocks w e r e  highly mobi le  and t he 

same b i rds were probably seen several t i mes , so the dens i ty es t i ma t e  

for this  s p e c i es would be biased upward i n  the win ter . 

Si lvereyes we re  also  seen i n  mob i le flocks during the non-breed i ng 

season . These flocks were the larges t s een wi t h i n  the s tudy area , wi th 

up to  40 b i rds . Largest numbers o f  s i lvereyes were seen i n  the  

non-bree d i ng s eason when the birds we re f locking . They were generally 

less cons p i cuous in the early summer when bi rds le f t  t he flock to 

es tabli sh breed i ng terri tories . The d e ns i ty es t ima t e  d oes n o t  

fluc tua t e  as markedly as the numbers observed wi th t he excep t i on o f  

July . The l arge change i n  dens i ty e s t i ma t e  i n  tha t mon th  vas t he 

resul t  o f  a h i gh number of close encoun t e rs wi th large f locks on 

t ranse c t  one . As a resul t , large numbers of b i rds were s een  w i thin  

twen ty me t re s  o f  the observer and the  proportion of near to  far  

observa t i on s  changed markedly . I t  i s  probable that there vas some 

increase i n  numbers of  s ilvereyes in  the s tudy area during t he 

non-breed i ng s eason , bu t no t as large a change as vas indicated  by t he 

change i n  numbers observed . 

De termina t i on o f  changes i n  densi ty and conspi cuousness o f  t h e  o ther  

species  vas hampered because of  t he i r  rar i ty .  Pigeons were v e ry 
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i ncons p i cuous . The i r  dens i ty es t i ma t e  changed in  conj unc t ion wi th 

numb e rs observed but , because o f  the i r  scarci ty , few conclus i ons  can be 

d rawn f rom t hi s .  They were observed in larges t  numbers _  when mi ro 

ber r i es r i p ened in March . None were observed in December .  Bellbi rds 

and t u i s  were p re sen t in low numbers throughou t the year bu t t hey were 

mos t conspi cuous in January and February . O ther speci es wer e  so scarce 

that  mon thly dens i ty es t ima t es were i mprac t i cable . 

Changes i n  overall d i s t r i bu t ion be tween  years 

To i nves t iga t e  t he s i mi lari t i es i n  d i s t r i but ion of bi rds obse rved from 

one year t o  the nex t the t o tal bi rds  coun ted at each group o f  s ta t i ons 

i n  1 9 8 3  and 1 984  were compared ( Table 2 . 4 ) . Mos t of t he common spec i es 

were obs erved i n  d i f ferent d i s t ri bu t i ons from one year to the  nex t .  

The l arges t d i f ference i n  d i s t r i bu t ion  was observed i n  whi teheads wh i ch 

were obse rved i n  much grea ter  numbers  a t  the s ta t ions of t ransec t one 

in 1 984 wi t h  propo r t i ona te decreases i n  numbers observed on  t ransec t  

t wo ,  t rans e c t  four  and the assoc i a t ed s ta t ions . Conversely , warblers 

were obse rved propor t i onally less o f t en on t ransec t one and mor e  of ten 

on the  r i dge . 
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TABLE 2 . 4  

Numbers of bi rds observed a t  each group of s ta t i ons in 1 983  and 1 984 

S t a t i on Number o f  b i rds coun t ed 1 983  
Group 

WARB WHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 

1 299 1 1 1  232  367  70  100 200 4 1  6 0 47  
2 337 583  69  300 3 6  1 7 9  2 6 6  7 8  18  41  42  
3 254 505 1 0  250 65  170  313  64  18  5 8 7  
4 198 150 1 3  84 43  1 66  108 55 9 2 5 1  
5 65 18  0 1 25 30 2 5 6  2 6  1 2  1 84 

S t a t i on Number o f  b i rds coun t ed 1984  
Group 

WARB WHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 

1 316  253 275  513  53  95 1 9 3  58  5 3 3 3  
2 421 634  82  372 95 210 237 1 3 6  4 3  5 1  78  
3 411  496  20  230 54 109 318 105 9 8 9 9  
4 275 1 7 9  2 6  154 46 121  189  9 3  8 1 54 
5 102 29  0 144 32  0 59  58  9 0 54 

Chi squared tes t o f  numbers observed in 1983  versus 1 984 

1 6 . 3  46 . 1  3 . 9  22 . 6  27 . 8  19 . 3  22 . 6  2 . 2  13 . 0  4 . 4  20 . 6  
** * * *  *** *** *** * * *  * * *  

S i gni f i cant values o f  Chi squared wi th  f our degrees o f  f reedom : 

p < . os 9 . 5  * 
p < . 01 13 . 2  * *  
p < . 001  * * *  

Group 1 S t a t i ons 1-8 , 17 , 18 Transect  one and rela t ed s t a t i ons 
Group 2 Sta t i ons 9 - 1 6 , 1 9 , 20 Transec t two and rela ted s t a t i ons 
Group 3 S t a t i ons 2 1-32 , 4 1-42 Fores t s ta t i ons  of  the  r i dge 
Group 4 S t a t i ons 33-40 Transe c t  f ive 
Group 5 S t a t i ons 43-48 Subalpine and scrub s ta t i ons  
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The d i s t ri bu t i ons o f  fan tails , p igeons and bell b i rds  vere not  

s i gni f i can t ly d i f fe ren t be tveen years . Ri flemen , tui s ,  blackb i rd s  and 

cha f f i nches vere obs erved more of t en on t ransect  tvo in 1 98 4 ,  

s i lvereyes  and tomt i ts vere observed more f requent ly o n  t ransec t  f ive . 

Seasonal movemen t 

Movemen t o f  s pe c i es v i thin  the s tudy area vas s tud ied by comparing t he 

propo r t i ons  o f  each spec i es observed on the four con tour  t ransec ts 

( one , tvo , four and f ive ) each mon th o f  the s tudy (Appendix  1 6 ) . The 

propo r t i on o f  vhi t eheads observed on t ranse c t  four i ncreas ed f rom July 

to December in each year . Thi s  co inci ded vi th the per i od when t h i s  

speci es formed breed ing terri tor ies , and ind i cated  tha t a great er 

propo r t i on o f  the popula t i on vas a t  h igher al t i tudes d ur i ng t h i s  

peri od . O ther  s pec i es d i d  no t move i n  a cons is t ent  seasonal pa t te rn .  

None o f  t he p ro po r t i onal changes vere s igni f i can tly correla t ed v i th 

rainfall or  t emperature . 

2 . 4  Discus s i on 

The f ive-m i nu t e  b i rd coun t techni que vas o riginally d e s i gned t o  d e t e c t  

maj o r  d if ferences i n  b i rd abundance be tveen areas ( Dawson and Bull 

1975 ) . Add i t i onally , a large number  o f  coun t s  can be under t aken 1 n  a 

sho r t  per iod t o  d e t e c t  these d i f ferences . Davson and Bull no ted that  

the  topography and  dens i ty o f  the  vege t a t i on influenced d e t ec t i on 

d i s t ances . Thi s  s tudy has demons t ra t ed tha t the use o f  f ive-minute  

b i rd coun ts  as ind i ces o f  abundance f o r  bi rds o f  the same speci es in  
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habi ta ts  o f  d i ffe ren t types can be i nval i d . Vh i ls t  i nconspi cuous 

species  vari ed l i t t l e  in the i r  mean radi us of  detec t i on be tween  

habi t a t s , conspi cuous s pec i es var i ed marked ly wi th changes in  hab i t a t .  

For example ,  blackbi rds vere observed three t i mes  more of t en in  t he 

subalp i ne s c rub than i n  the Manga tainoka River  valley , but dens i ty 

es t ima tes  i nd i ca t ed that  they were ac tually twi ce as abundant in the  

valley as compared to  the  scrub . Therefore compar i so ns be tween 

d i fferen t areas , us i ng s tandard f i ve-minu te  b i rd coun ts  on the  same 

speci es , can be m i s lead i ng . 

At temp t s  t o  measure the sound charac t e ri s t i cs o f  fores t hab i ta ts  appear 

doomed because of  the large number of variables ( Harr i son and Saunders 

1981 , Vi l ey and Ri chards 1982 ) . The mod i f i c a t i on of  the f ive-mi nu t e  

b ird coun t t o  include a d i s tance d e l i mi ter  overcame t h i s  problem . The 

near/ far ra t i o  can be used as a measure of  conspi cuousness for each 

spec i es coun t ed : The t e chn ique i s  n o t  wi thout i ts l imi ta t i ons . Large 

numbers  of coun ts  are required to  ob tain  adequat e  near/ far  ra t i os f o r  

calcula t i on o f  t h e  dens i ty ind i ces . 

"Rare " spec ies , vh i ch may be res i den t s  and /or  b reeding wi thin  t he s t udy 

area , present a problem for any commun i ty analys i s . Techn i ques vh i ch 

derive i n d i ces o f  b i rd abundance d i re c t ly , such as the Emlen t echni q ue 

( Emlen 1 9 7 1 ) , t err i tor ial  mapp ing , and vari able c i rcular plo t  censuses , 

will  produce dens i ty i nd i ces for these s pe c i es . However ,  in  a l o ng 

term s tudy some rarer species  wi l l  i nevi tably be missed dur i ng s ome 

months , so researchers tend to exclude these species  from the i r  

analyses . 
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In th is  s t udy , the 1 1  '' common " s pe c i es accoun t ed for  98% o f  the bi rds 

observed a t  the fores t s ta t i ons , 1 8  o t her b i rd spe c i e s  were observed , 

o f  whi ch t en probably bred w i t h i n  the s t udy area . The dens i ty i nd i ces 

p robably represen t an underes t ima t i on of total numbers of bi rds 

p r e s en t . G i l l  ( 1980)  equat ed mean annual f i ve-minu t e  b i rd coun t s  for  

war b l e rs of  0 . 7 1  and 1 . 03 to  r es i den t adul t s  per  hec tare o f  2 . 44 and 

4 . 26 respec t ively . The mean annual f ive-mi nu t e  bird coun t for warblers 

in t h i s  s tudy was 0 . 78 bu t the d e r i ved dens i ty index was only 1 . 2 b i rd s  

per  h e c t ar e . The t o tal dens i ty i ndex for all o f  t he common s pe c i es 

combined  was 10 . 9  b i rds per hec t are . 

Some o f  the  rarely observed bi rd spec i es may be impo r t an t  de terminan t s  

o f  t h e  " common" b i rd species  d i s t r i bu t i ons . Shining cuckoos parasi t i ze 

grey warblers and long- tai led cuckoos paras i t i z e  whi teheads . These 

cuckoos m i grated  i n to the s tudy area in  the breedi ng season and 
-

fledgli ngs o f  bo th species  were s i ghted . They were mos t  commonly 

observed where the dens i t i es o f  the i r  hos t s pecies were highes t .  The 

e f fec t o f  these paras i tes on the i r  hos t s pecies d i s t r i bu t i ons could not  

be i nves t iga t ed in  this  s t udy due to  the low  numbers of  cuckoos 

p r e s en t . 

Analy s i s  o f  the b i rd commun i ty on the bas is o f  d ivers i ty ind i ces 

i n d i c a ted  that FHD was more impo r tan t  in  determi n i ng BSD than PSD . 

Thi s  observa t i on was o f  l i t t l e  value i n  the assessmen t of habi t a t  types 

whi ch were impor tant for par t i cular b i rd species . Fur thermore , when I 

p e r f o rmed mul t ivar i a t e  analyse s  i t  became apparent  t ha t  p lan t spec i es 

d i s t r i bu t i ons were be t t er  p red i c tors o f  b i rd speci es d is t ri bu t i on than 

e l emen t s  o f  the fores t s t ruc ture . Ralph ( 1985 ) s tu d i ed the d i ve rs i ty 
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and a bundance o f  b i rds  i n  nor thern Pa tagonia , Argen t ina , and observed 

tha t BSD was inversely correlated wi th FHD in Nothofagus fores t and 

s c rub , bu t plan t s pe c i es d i s t ribu t i ons were 

b i rd s pecies  assemblages . McLay ( 1 974 ) 

s t rongly correla t ed w i th  

collated  da t a  f rom several 

s tud i es of b i rds in  New Zealand and concluded t hat  BSD d i d  not vary 

s ign i f i can t ly be tween d i f ferent  habi tat  types . H owever , the  

compos i t i on of  the b i rd communi ty changed markedly wi th f ewer nat i ve 

s pe c i es and more i n t roduced species  in  severely mod i f i ed habi ta t s .  

These observat ions suppor t the conclus ions o f  V i l lson ( 1 9 7 4 ) that  more  

d e t a i led analyses are necessary for  s tudy o f  prec ise  rela t ionships in  

b i rd communi t i es .  

On the  bas is  of  PCA two groups of  b i rds were d i s t i ngu ished i n  the s t udy 

area . The f i rs t  group comprised warblers , fan ta i ls , s i lvereyes , 

blackb i rds and chaff inches . These species were pr i mar i ly assoc i a t ed 

wi th  tall , red beech-dom inated canopy fores t .  The s econd group 

comp r i sed whi t eheads , p i geons , t omt i ts ,  r i flemen and t u i s , whi ch were 

p r i marily associated wi th t all forest in whi ch rimu and m i ro were 

evi d en t .  Finally , the d i s tribu t i on of bellbi rds was rela t ed t o  the 

low- canopy fores t o f  the  r i dge . 

I have used PCA ext ens ively to por t ray the i n t er-rela t ionshi ps be tween 

b i rd s  and the i r  hab i t a t . The raw data  were riormali zed  b u t  s cores o f  

some spe c i es were s t i ll skewed , in  add i t i on s ome s pe c i es res ponded i n  a 

non l i near fashi on .  Thus , t wo of  the bas i c  assump t ions o f  mul t i var i a t e  

analysis  have no t been me t .  The in terpre t a t i on o f  the graphs should be 

made wi th  caut ion because of  these s t a t i s t i cal v i o la t i ons and the 

b i ol ogi cal in terpre ta t i ons of  the principal componen t axes  are subj e c t  
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· t o  t h e  cri t i c i sms leveled by s t a t i s t i c ians of  bi ologis ts use of  t h i s  

type o f  tes t  ( J ohnson 1 98 1 , Karr and Mar t in 198 1 ) . Desp i t e  t hese  

cri t i c isms ,  PCA p rovi ded a clear p i c ture of  the b ird communi ty and i t s 

rela t i onship  t o  the  envi r onmen t . The f i r s t  two principal componen t s  

were recogni zed  a s  des c r i b i ng s pec i f i c  par ts o f  the envi ronment i n  each 

of the analyses . The presen tat i on o f  bo th  the var i ables and the  

vari a tes in the same graph descr ibed the mos t importan t  i n t e rac t ions i n  

complex mul t ivaria t e  s i t ua t i ons . A large part o f  the var i a t i on i n  the 

o r ig inal data s e t s  was explained and where species or  s ta t i ons were 

poorly explained  i t  is apparen t in these f igures . The s i mpl i f i ca t i on 

o f  d i ve rs i ty ind i ces was avo i ded and meaningful rela t i onships be tween 

spec i f i c  bi rds and par ts of the envi ronmen t were eluc i da t ed . 

I preferred PCA over TWINSPAN because i t  was mo�e obj ec t ive . The 

TWINSPAN analyses of the vege t a t i on prov i de fores t type maps wh i ch are 

appea l i ng to fore s t  managers . Bu t t hese analyses requi red a large 

number of  subj e c t i ve d e c i s i ons on the par t o f  the researcher .  The 

pseudos pec ies  cut levels mus t be d e t e rmined , and the d iv is i on i n t o  a 

few abundance c a t egor ies  represen t s  an i mmedi a t e  loss o f  po t en t ially 

relevan t d i f feren t ia t i on .  I t  i s  usual t o  perform the analy s i s  on  

propo r t i onal da ta  whi ch i gnores the  absolute dens i ty o f  the plan t 

speci es being s tud i ed , a fac tor  whi ch may be impor tan t as a d e terminan t 

o f  the bi rd communi ty .  The level at  whi ch groups are recogn i z ed i n  the  

f i nal output  is  also  subj e c t i ve .  Th i s  c r i t i ci sm i s  appli cable t o  a l l  

types o f  d i v i s i ve class i fi ca t i on . 

Researchers who us� unmod i fi ed f i ve-minu t e  b i rd coun ts  cann o t  

d i s t inguish be tween changes i n  conspi cuousness and seasonal movemen t 
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( Dawson e t  al . 1978 , Onley 1 980 , Gill  1 980 , Harrison and Saunders 

1981 , W i l s on et  al . 1988 ) . The mod i f i ed technique used in thi s s tudy 

was able  t o  overcome this problem for s ome of the common s pe c i es . For  

example , the numbe r of blackb i rds i n  the  s tudy area did  no t  change 

marked ly wi th season , al though there was a great d i f f e rence i n  

consp i cuousness wi th season . In  con t ras t ,  the dens i ty o f  chaf f i n ches 

decreased  in tandem wi th the changes in conspi cuousness , i nd i ca t i ng 

movemen t out  o f  the study a rea in  the non-breeding season . The maj or  

problem w i th the mod i f i ed t echni que was that  large numbers  of  coun t s  

were needed to  obtain dens i ty e s t ima t es . Only seven species  could be 

followed for the whole annual cycle . The dens i ty index was also 

affec t e d  by s t ochas t i c  e f f e c t s  in common spec ies  wh i ch f lock in the 

non-breed i ng s eason , par t i cularly s i lve reyes and whi t eheads in t h i s  

s tudy . 

Despi t e  t hese problems two conclusi ons can be drawn from  the 

compari sons of  mean mon thly f i ve-minute  b i rd coun ts wi th  t he d ens i ty 

indi ces and e f fe c t ive rad i i  o f  d e tec t i on deri ved from them . F i rs t ly ,  

the f i ve-minu t e  b ird coun t s  o f  inconspi cuous spe cies , w i t h  e f f e c t ive 

rad i i  o f  de tec t i on of  less t han 20  me t res t hroughout  the year , were 

good ind i cators of ac tual abundance . Add i t i onally , these s pe c i es 

vari ed l i t tle  i n  detectab i l i ty be tween habi t a t s . The mean f i ve-mi nu t e  

b i rd coun ts o f  p igeons and r i f lemen can b e  compared be tween areas and 

seas ons a l though d i f ferences be tween observers may be impo r tan t when 

d i f fe ren t s tu d i es are compared ( Dawson et  al . 1 978 , Cyr 1 98 1 , S co t t  e t  

al . 1 98 1 ,  Ramsey and Sco t t  198 1 ) . Secondly , t he dens i ty es t ima t es  

ind i ca t ed tha t many of  the  r es i d ent bi rds were  mos t  abundan t a t  t he end 

of  t he breed i ng season when the young bi rds f ledged and decreased 



78  

s l owly to  a low  p o i n t  i n  the O c t ober-December period when females were 

i ncuba t i ng .  This r es u l t  is i n tui t i vely obvious , but not d i scern i ble  

f rom unmod i f i ed f ive-m i nu t e b i r d  coun ts because of  d i f fe ren t i al 

cons p i cuousness wi th in  speci es be tween seasons . 

Many o f  the common spec i es were coun ted  in d i f fe ren t propo r t i ons wi th in  

the  s tudy area in  1 983  and  1 984 , bu t t here was no cons i s ten t pat tern o f  

change f o r  any group o f  s pe c i es . Comparisons of the propo r t i ons o f  

b i rds coun ted  o n  each o f  t h e  four con tour transects  each mon t h  

d i splayed surpr i s i ngly f ew seasonal changes in d i s t r i bu t i on .  The 

expec ted  propor t iona t e  i ncrease a t  h igher al t i t udes i n  summer was only 

found in whi tehead s . O t her s tud ies  in  New Zealand have indi cated  that  

warb lers , r i f lemen , parakee ts , b lackbirds , and tu is  move t o  h i gher 

a l t i t udes in summe r ( Dawson et al . 1978 , �i lson e t  al . 1 988 ) . The 

absence of observed s easonal movemen ts wi thin  my s tudy area may be 

r e la t ed to t he rela t i vely small area covered . 

The general lack o f  apparen t seasonal movemen t enhances t he val i di t y  o f  

t he mul t i vari a t e  analys i s  based o n  speci es dens i ty .  I f  seas onal 

movemen t s  had been obs e rved in many of the common spe c i es several 

p r i nc i pal  componen t analyses would have been needed to  d e t e c t  changes 

i n  b i rd habi t a t / re la t i onshi ps . The resul t ing i ncrease i n  s tochas t i c 

f luc t ua t i ons o f  the b i rd dens i ty i nd i ces caused by lower numbers o f  

coun t s  would have made t hese  analyses suspec t .  Dawson ( 19 8 lb } has 

d emons t ra t ed that  a large numbe r o f  s t andard f ive-minu te  coun ts are  

needed to  de t e c t  s ign i f i can t d i f ferences be tween habi t a ts for rare 

s pe c i es . In add i t i on , he noted  the poss i bi l i ty ,  borne o u t  in th is  

s tudy , t ha t  d e t e c t ab i l i ty could vary be tween hab i tats  and an  es t ima t e  
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of  d en s i ty would be needed a s  a correc t i on fac t o r .  He  cons idered 

t rans e c t  o r  po i n t  coun t s , w i th a near/ far rat i o ,  were the  mos t  useful  

comp romise  when measuring the abundance of  fores t b i rds (Dawson 1 98 1 c ) . 

The d e t ermina t i on o f  the d i s t r i bu t i on and abundance o f  rare species  

would requi re a more selec t i ve sampling procedure .  

None o f  t he repo r t ed communi ty s t ud ies of  New Zealand b i rd s  have used 

mul t i vari ate  s ta t i s t i cal me thods in their  analyses , so the t e chn ique 

was compared wi th work per f o rmed overseas . Many o f  these s tudies  have 

emphas i s ed the rela t i onsh i p  of b ird species d i s t r i bu t i o ns to s t ructural 

features of their  habi t a t s  ( James 1 97 1 , Anderson and Shugar t  1 974 , 

Col l i ns e t  al . 1982 , James and �amer 1 982 , Mehlop and Lynch 1986 ) . In 

all of these s tudies the mos t s igni f i can t s t ructural de t ermi nants of 

b i rd s pecies d i s t ri but ions were associa ted wi th canopy s i ze .  Variables 

whi ch measured t ree  s pe c i es compos i t i ons were con f i ned to  a few summary 

measures , such as percen t coni fers and tree s pe c i es r i chness . �here 

t ree  s pecies vari ables were included in analyses they were i mpor tan t in  

d i s t i ngui shing bi rd s pe c i es groupi ngs . 

Research in Aus t ralia ver i f ied  the assoc i at i on o f  canopy height and 

plan t s pecies s t ructure w i th bird species abund ance and d i s t r ibu t i on 

( Re cher 1969 , Ford and Bell 198 1 , G i lmore 1985 , Loyn 1 985 , Shi e lds e t  

al . 1 9 85 ) . However ,  ass o c i a t ion o f  bird  communi ty  s t ructures wi th 

plan t s peci es assemblages have also been observed ( Loyn 1 98 5 , M il ledge 

and Recher 1985 , Gi lmore 1 985 , Shields et  al . 1 985 ) .  Gi lmore ( 1 985 )  

sugge s t ed that the s t ruc ture of the vege ta t i on was the  primary 

d e t e rm i nan t o f  b i rd commun i ty s t ruc ture and compos i t i on . The present 

s tudy has shown tha t b i rd communi ty s t ruc ture may be d e t e rmined as much 
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by t ree spe c i es assemblages as by fores t s t ruct ure . The d i s t r i bu t i ons  

of  mos t o f  the common b ird spec i es were  pos i t ively correlated wi th 

h i gh-canopy fores t ;  but their d i s t r ibu t i ons were be t ter explained by 

plan t species  groupi ngs . Th is  observa t i on is  suppor ted by work in 

Nor th Ameri ca ( Holmes and Robinson 1981 ) ,  Argen t i na (Ralph 1 985 ) , 

Aus t ralia ( Mi lledge and Recher 1985 ) and F inland ( V i rkkala 1 9 88 ) . 

The res i den t b ird commun i ty of the s t udy area i ncluded f i ve i n t roduced 

spec ies . The mos t abundan t in t roduced bi rds were s i lvereyes . 

S i lvereyes were s e l f  i n t roduced from Aus t ra l i a  and were recorded i n  New 

Zealand as early as 1 8 3 2 , large numbers began arrivi ng in 1 856 and 

breeding was observed in 1862 ( Bull 1985a ) . S i lvereyes were abundant 

throughout the s tudy area par t i cularly dur i ng the non-breed i ng seaso n . 

They were the mos t  common species in  subalpine scrub and on transect  

one  from February t o  July . The o ther four i n t roduced spec i es were 

impor ted and released by Europeans in the mid seventeen th cen tury . 

Dunnocks were observed almos t exclus ively i n  subalpine s c rub and 

tussock at an e s t imated  dens i ty of one pai r per seven hectare s . 

Blackbi rds , thrushes and chaf f inches were observed in  l ow numbers 

throughou t the s tudy area . The grea t e s t  dens i t ies  of  all three speci es 

occurred in the low al t i tude , red beech dom i nated  fo res t .  I t  is 

s igni f i can t tha t  all of the int roduced spec i es we re  mos t abundan t on 

the margins of the fores t .  The dens i ty i nd i ces  w i thin the fores t ed 

par t o f  the  s tudy area for  s i lvereyes , blackb i rds and chaf f inches were 

1 . 35 ,  0 . 1 and 0 . 09 res pec t i vely . Thus the i n t roduced componen t of the  

fores t b i rd communi ty wi thin  the  s tudy area was 14 . 1% of  the 11  common 

b i rd speci es , and s i lve reyes alone compri sed 1 2 . 4% .  
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The ex ten t o f  the i nvas ion o f  the fores t habi tat  by int roduced s pe c i es 

i s  surpr i s i ngly small considering the number of  b i rd speci es  whi ch have 

become ex t in c t  or have been los t from the Tararua Range s . Robins  

( Pe t ro i ca aus t rali s ) ,  

( Callaeas c i nerea ) , 

huias 

wekas 

. ( Philes t u rnus carunculatus ) ,  

( He taralocha 

(Gall i rallus 

red-crowned 

acu t i ros t r i s ) ,  kokakos 

aus t ral is ) , 

parakeets  

s addlebacks 

( Cyano ramphus 

novaezeland i ae ) , yellow-c rowned parakee ts ( Cyanoramphus aur i ceps )  and 

kakas ( Ne s tor  meri d ional i s ) were all abundan t in this area un t i l  la te  

las t cen t ury (Buller 1888 , Vi lki ns on 1924 ) . New Zealand thrushes 

(Turnagra capens i s )  and s t i tchbi rds ( No t i omys t is cinc t a )  were common 

un t i l  the mi ddle of the n i ne teen t h  century ( Buller 1888 ) .  Only 

yellow-c r owned parakeets  and kakas remain in the area , i n  much  reduced 

numbers . The red u c t i on in numbers , ex t in c t ion in some cases , o f  s o  

many b i rds  i n  the  las t cen tury i s  due t o  a vari e ty o f  fac t ors 

assoc i a t ed w i th the  arr ival o f  Europeans ( Holdaway 1989 ) .  P reda t ion by 

i n troduced mammals , especially feral cats and rats ( V i ll i ams 1962 ) , 

habi tat  des t ruc t i on and compe t i t i on w i th mammalian herb i vo res were  the  

main  causes  of  na t i ve bird  ex t i nc t i ons  (Ho ldaway 1989 ) . Compet i t ion by 

i n troduced b i rds does no t appear to have been impor tan t . 
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CHAPTER 3 

FORAGING NICHES 

3 . 1  I n t roduc t i on 

Lack ( 1 954 , 1966 ) has s t ressed  the i mpor tance of  food as a l imi t i ng 

fac t or for  b i rd populat i ons . Mos t s tu d i es have been und e r t aken duri ng 

the breed ing season , when food may no t be a l imi t ing f ac t o r . I n  fores t 

b i rds  the i dent i f i cat i on of  food i t ems i s  d i f f i cul t , and many s tu d i es 

of b i rd foraging have concen t ra t ed on  the subs t rates  f rom wh i ch prey 

are taken , the foraging t echni que and the foraging he igh t  (Ma cAr thur 

1 958 , Pearson 1 97 1 ,  U l f s t rand 1 97 6 ,  Holmes et  al . 1 9 7 9 , Land res and 

MacMahon 1980 , Moreno 1 98 1 , F r i th 1984 , Rob i nson and Holmes 1 98 2 , 1 984 , 

A i rola and Barret t  1985 , Recher e t  al . 1985 , Holmes and Recher 1986b , 

V i rkkala  1988 ) . I t  i s  as sumed that the mode o f  forag i ng de t ermines 

whi ch food i tems w i l l  be encoun tered ( Schoener 1971 , Cody 1 9 74a ) . The 

relat ive i mpo r t ance of d i f feren t plan t  spe ci es has also been emphas i zed 

( Ha r t ley 1953 , Balda 1969 , Ul fs t rand 1 9 7 6 , Holmes and Rob i nson 1 981 ) .  

I n  the present s tudy t he foraging rela t i onshi ps of  common b i rd species  

were assessed by exam i ni ng the i r  foraging heigh t s ,  t ree  s pec i es uses 

and subs t r a t e  expl o i t a t i on .  

S easonal changes i n  the foraging n i ches o f  fores t bi rd s peci es have 

been demons t ra t ed by many au thors ( Gi bb 1954 , 1960 , S tallcup 1968 , 

Jackson 1970 , Ulfs t rand 1 9 7 6 , 1977 , Hogs t ad 1977 , 1 9 78 , Alat alo and 
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Alat alo 1 980 , Mor r i s on et  al . 1985 , 1986 , Carrascal e t  al . 1987 ) .  

These s tud i es were a l l  conducted in nor thern temperate woods . I t  has 

been argued that  b i rds  become less speciali zed  in thei r foraging habi ts  

when food  suppl i es are  shor t ( MacAr thur and P i anka 196 6 , Schoener 197 1 ,  

N i lsson and Alers tam 197 6 ) . Conversely Schoener ( 19 8 2 )  argued tha t  

n i che con t rac t i on should occur in peri ods of  food shor tage a s  a resu l t  

o f  compe t i t i on .  The number o f  d i f feren t b i rd species  d ecreases i n  

nor thern temperate  fores t s  dur ing w in ter , poss i bly permi t t ing n i che 

expans ion . In prac t i ce this  does not  appear to happen o f t en . G i bb 

( 1954 ) , S t al lcup ( 19 6 8 ) and Ala talo and Ala talo  ( 1980 ) found grea t er 

n i che separa t i on be tween spe c i es in winter  and conseque n t ly the n i che 

overlaps were smalle r . Ul f s t rand ( 1 9 7 6 )  found that two s pec i es had 

larger n i ches in w i n t e r  than in summe r ,  one s peci es had a l arger n i che 

in summer than in  w i n t e r , three spe c i es showed l i t t le change in n i che 

wi th season . Bell ( 1985 )  obse rved decreased n i che bread th and overlap 

in autumn and win t e r , when food was scarc e r ,  be tween thornb i l ls 

(Acan thiza spp . ) i n  a New Sou th Wales forest . The decrease in n i che 

bread th and overlap occurred desp i t e an increase i n  the d i versi ty o f  

s t omach contents . 

The general narrowing o f  n i che bread th by many s pecies  i n  w i n t e r  may be 

associated wi th mixed s pecies flocking at th is  t ime o f  year ( Horse 

1970 , 1978  Aus t i n  and Smi th 1 9 7 2 , Hogs tad 1 978 , Alatalo 198 1 b ,  Bell  

1 985 ) .  In my s tudy area s easonal changes in  t he compos i t i on of  the  

avi fauna , the charac t er of  the fores t and the avai labi l i ty o f  

inver tebrate prey s pe c i e s  are small  compared t o  those i n  nor thern 

t empera t e  fores ts  . . However , mixed spec ies  flocking does occur i n  

winter . 
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In  New Zealand b i rd communi ty s t udies  have been neglec t ed . There  are 

several rare and endangered species wh i ch have a t t rac t ed a l arge 

research e f f o r t . Three au thors have repor ted observat ions on the 

feedi ng n i ches o f  b i rd commun i t i es ( G i bb 196 1 ,  G rava t t  197 1 ,  G i l l  

1 980 ) . G i bb compared the feeding n i ches o f  four s pec i es , G i l l  t hree 

species  and Grava t t  12  species . None o f  these au thors wer e  pr ima r i ly 

i n teres t ed in  communi ty i n t e rac t ions , a l though Grava t t  vas s pec i f i cally 

s tudyi ng the i n t erac t i ons o f  the honeyea ter  gui ld . They d i d  not  

a t tempt  t o  calcula te  t he ni che bread th  o f  any spec i es , bu t  G i ll did  

calcula t e  the overlap in feeding s ta t i ons of  warblers , brown . c reepers 

and s i lv ereyes . In  my s tudy the foraging relat ionshi ps of  the common 

b i rd spe c i es were examined i n  detai l .  Sequen t i al observa t ions were 

t aken and t he sample  s i z es for bo th the number of  ind iv i duals observed 

and the t o tal number of observa t i ons were repor t ed . Fur ther analyses 

of foragi ng n i ches were  undertaken only for those s pecies wh i ch were 

observed on more than 30 separa te occas i ons ( Morrison 1984 ) . 

New Zealand has an i mpoveri shed land b i rd f auna as a consequence of  

geographi cal i s olat i on and severe hab i t a t  mod i f i ca t i on caused by  human 

i nfluence . Comparison o f  b i rd commun i ty s t ructure wi t h  s imi lar s t u d i es 

i n  o ther coun t ri es , par t i cularly Aus t r al i a ,  i s  i n te res t i ng i n  t e rms of  

s everal ecologi cal theor ies . B iogeographi cal theory (MacAr thur and 

� i lson 1967 , D i amond 1970 )  in  conj unc t i on wi th opt i m i za t ion theory 

( Schoener 1 9 7 1 , Pyke e t  a l .  1977 ) pred i cts  that species w i ll have 

l arger n i ches than congeners on the ma inland . The s ta tus o f  i n t roduced 

s pec i es and the i r  i n t egra t i on wi th the nat ive  avi fauna i s  i n t e res t ing . 

Many na t ive speci es . have become ex t in c t  or  rare wi thin  the pas t 200 

years as a r es u l t  of hab i ta t  mod i f i ca t i on and pred a t i on by in t roduced 
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mammals .  The resources these speci es used have become acces s i ble  to  

both the rema i ni ng na t ive s pecies and t he i n t roduced s pe c i es . The 

f oraging n i ches o f  the bi rds of  the s tudy area are d i s cussed in the 

l igh t o f  this h i s t orical perspe c t ive . 

3 . 2  Me thods 

From January 1983 unt i l  February 1985 the follo�ing da ta �ere reco rded  

every t i me a b i rd �as seen : 

1 .  The da t e . 

2 .  The neares t b i rd coun t i ng s ta t i on .  

3 .  The Ne� Zealand S t andard T ime a t  the s tart  of  the observat i on .  

4 .  The �ind no ise  on a subj ect ive s cale : 

0 calm 

1 some leaf movemen t no no ise heard 

2 d i s tan t rus tle  

3 immed i a t e  no i s e ,  twigs and small branches movi ng 

4 immed i a te no i se wi th  gus ts , branches moving 

5 con t inuous high wind  

6 gale , leaves be ing s t r i pped o f f  trees 

5 .  The - cloud cover measured in  o c t as . 

6 .  The canopy height , es t ima ted by eye to  the neares t metre . 

7 .  The t o tal  durat ion of  the observa t i on in s econds . 

8 .  The b i rd species . 

9 .  The t ree  s pe c i es �h i ch the b i rd �as using .  

10 . The heigh t  o f  the b i rd , es t ima t ed by eye t o  the neares t me t re and 
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then  amalgama ted i n t o  tvo me t re i n t e rvals . 

1 1 . The par t o f  the habi tat  be ing used by the b i rd speci es : 

(A tki nson 1966 ) 

0 ground 

1 tvig 

2 small bran ch 

3 large branch 

4 l imb 

5 t runk 

6 foliage 

7 flover 

8 f rui t 

9 air  

1 2 .  Yhe ther the part  of  the tree vhi ch the bird vas using vas alive or  

dead . 

1 3 . B i r d  behaviour . 

0 feed i nclud i ng act ive searching 

1 perch 

2 s ing o r  call 

3 preen 

4 court 

5 fly 

6 aggress ion bo th i n t ra-speci fic  and  i n t er-spec i fi c  

These da ta  vere recorded i n  the  f i eld  us i ng a hand-held t ap e  r ecorder . 

The d a t a  vere t ranscri bed i n  the laboratory and the b i rd b ehav i our and 

p os i t i on upda t ed at  15 s econd i n t e rvals . The me thod is equivalen t to 

the m e t r onome technique of Vi ens et al . ( 1970) . No a t temp t vas made 
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t o  follow bi rds through the  fores t ,  s o  all  observa t i ons  were on  

spec i f i c  t ransec t s . A max imum t ime o f  t en minu t es o f  sequen t i al 

observa t i ons on a s i ngle individual was s e t  t o  reduce b ias . Each s e t  

o f  observa t i ons f o r  a s i ngle b i rd was called a peri od .  

From March 1984 un t i l  February 1985 b i rds were also observed from a 

canopy observa t i on s i te ,  s e t  at 13  me t res  above the ground i n  a r i mu 

t ree near to s t a t i on 19 . Observa t i ons were s pread so that  the peri od 

from one hour a f t er sun r i se un t i l  one hour before sunse t  was covered 

for  a full day in  each mon th  a t  the canopy s ta t ion .  

A G - t e s t  ( Sokal and Rohl f 1 98 1 )  was used t o  compare t he ef fec t o f  

non-independence o f  sequen t ial observa t ions . The sum o f  all  f i r s t  

ground s ta t ion observa t i ons i n  each peri od  for each s peci es was 

compared wi th t he sum o f  all subseque n t  obs erva t i ons . The group i ng 

cr i teria  were arranged so  t hat  few of the expec ted values were less  

t han five . 

Seasonal changes 

observa t ions by 

of foraging niche were  analysed 

pool i ng t he data for  d i f fe rent  year s . 

for  ground 

To inves t iga t e  

changes in n i che over  the course of  t he year four seasons were defined : 

Summer = December ,  January and Febtuary 

Au tumn March , Apr i l  and May 

Yinter  June , July and Augus t 

Spring = Sep tember , Oct ober and November 

For comparisons  be tween seasons the number of observa t ions were 

s tandardized by t aking all of  the observa t i ons i n  the s eason when  a 

b i rd species was leas t observed and a random sample o f  the same number 
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for  each  of  the o ther  seasons . 

The p ropo r t i ons o f  d i f fe rent  t ree species  present where b i rd  species  

were  a c t ively forag i ng were calculated  by  us i ng point  hei gh t  i n tercep t 

( PHI ) d a t a  collec t ed i n  the associ a t ed bo t an i cal s tudy . The PHI da ta  

were used  as measures of  the avai lable t ree  surface a t  each s ta t ion . 

These propo r t i ons  were mul t i pl i ed by t he number  o f  obse rva t i ons of  each 

b i rd s pe c i es a t  each s ta t i on to  give an expected numbe r  o f  foraging 

observa t i ons . A W i l coxon s i gned-rank tes t was performed on the 

expec t ed / observed pai rs  to i nd i ca t e  s pecies  preferences i n  foraging 

subs t ra t es . Because r i f lemen were observed foraging mai nly on larger 

woody surfaces an al t e rnat ive measure based on  the d iame t e r  a t  breas t 

heigh t  ( DBH)  o f  the t ree speci es a t  each s ta t i on was cal cula ted for  

this  speci es . 

3 . 3  Resul t s  

There were  large d i f ferences in the number  o f  observa t i ons o f  each 

spec i e s  ( Table 3 . 1 ) .  Da ta on hab i t a t  use and behaviour are p resen t ed 

in  appen d i ces 9 t o  16 . 
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TABLE 3 . 1  

Number o f  n i che observa t i ons o f  each b i rd spe c i es 

To tal To tal Ground Ground G r ound Canopy Canopy Canopy 
p I p I M ean P p I Mean P 

Secs . S ecs . 

Warbler  466  2 157 3 77  1 774 7 7 . 5 1 8 9  383 7 1 . 24 
Whi t ehead 556 2809 440 2278  8 4 . 25 1 1 6  531  7 6 . 1 7  
Fan t a i l  341 1 407 250 1061 6 9 . 27 9 1  346 6 4 . 37 
S i lvereye  1 29 374  82  288  5 9 . 33 47  86  3 2 . 43 
Chaff  i nch 33 123  17  90  87 . 41 1 6  33  3 4 . 94 
R i fleman 491  2286  437  . 2064 7 6 . 84 54 222 6 9 . 4 1  
Tomt i t  294 1 182  259  1057 6 7 . 44 35  125 5 9 . 89 
Bellb i rd 34 150 28 128  75 . 25 6 22 6 1 . 8 3 
Tui 4 1  294 22 143 1 04 . 27 1 9  151  1 2 7 . 05 
P igeo n  54 921  42 691  249 . 74 1 2  230 29 2 . 50 
Blackbi rd 59 74 59 74 8 . 90 0 0 0 . 00 

p per i od I = Int erval 
M ean p Mean length  of  per iods  in s econds 

A per i od cons i s t ed of observa t i ons on a s i ngle b i rd for up to 10 
minu t es . Wi thin  each observa t i on per i od the  behavi our and posi t i on of 
the b i rd was recorded every 15 seconds , these  individual observa t i ons 
were called int ervals . Observa t ions at the canopy s ta t i on were 
s epar a t ed f rom observa t i ons at  the ground . 
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Canopy s ta t i on observa t i ons and  ground s ta t ion observa t i ons were 

cons i de red separately . Cha f f i n ches , bellbi rds , t u i s  and pigeons wer e  

observed foragi ng o n  fewer than 30 per iods in  both s e t s  o f  observat i ons  

and  were  excluded from s ta t i s t i cal analyses . A shor t  apprai sal of each 

of these  s pecies follows . 

P i geons  were observed on 54 per i ods , mos t o f  whi ch were o f  cons i derabl e  

dura t i on ( Table 3 . 1 ) ,  t hey foraged mai nly o n  m iro f rui t i n  large t re es 

a t  h e i gh t s  of  over 12  me t res . They used these f rui ts  throughou t the  

year w i t h  the excep t i on o f  Decembe r when no pigeons were observed i n  

the  s tudy area . In December and January pigeons were observed i n  

farmland adj acent  to  the s t udy area foraging on t h e  foliage and seeds 

of t ree  lupin and the fol iage of willow .  Pigeons  were also observed 

forag i ng on mahoe , supplej ack and horopi t o  fru i t s  during five-minu te  

b i rd coun ts  wi thin the  s t udy area .  They were the only  speci es observed 

us i ng these seeds and berr i es and consequen t ly t h e i r  feed ing n i che d i d  

no t overlap wi th any o ther s pec ies . Ac t i ve forag i ng nccurred i n  bou t s  

i n t er spersed wi th long peri ods o f  perching . 

Tui s  were observed mos t  o f t en i n  J anuary and February when the nor thern 

ra t a  f l owered . There were few of  these t rees in the s tudy area,  bu t  

they  f lowered pro l i f i cally . O f  t he a c t i ve forag i ng by tuis  47%  o f  the 

ground o bserva t i ons and 78%  of the canopy observat i ons were on nor thern 

ra t a  flowers . Eight  ( 13 . 6% )  of the  o t her canopy f orag i ng observa t i ons 

were on cl imbing rata f lowers in March and Apri l .  The o ther foraging 

o b s e rva t i ons were of  tui s gleaning from woody s urfaces , princi pally 

large b ranches of  kamah i .  The nec tar-feed ing observa t i ons on nor thern 

r a t a  t rees  were a t  a . height  of approxi mat ely 30 me t res , whereas the  
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wood-gleaning observa t i ons were a t  he i gh t s  of  e igh t to  e i gh teen me t res . 

Tuis  spen t a large propo r t i on of  the i r  t ime s inging and perching . They 

ac t ively excluded bell b i rds  from northern ra ta  t rees . 

Bell b i rds gleaned from small and in termed iate  s i ze d  woody surfaces and 

f rom fol i age , mainly on  kamahi and red beech . However , t he u t i l i sa t i on 

o f  red b eech occurred i n  only one observat i on period wh i ch las ted 4 1 4  

seconds and included 2 2  ac t i ve foraging observa t i ons . This represen t ed 

nearly 40% of  the ground foraging observa t i ons  and was an obvi ous 

source of  b i as . Ac t i ve foraging was observed at he igh t s  ranging from 2 

to  2 3  me t res wi th mos t o f  the foraging on kamahi a t  heights  of  7 t o  12  

me t res . Bellbi rds were o f t en observed s i ng i ng and perch i ng .  

Cha f finches were observed gleaning from b o t h  wood and fol iage i n  

approximately equal p ro por t ions . They used a var i e ty o f  t rees , o f  

whi ch kamahi , m iro , r e d  beech , leatherwood and toro were t he mos t  

common . Mos t foraging observa t i ons were o f  b i rds a t  h e i ghts  of less  

than 12 met res . Cha f f inches were o f t en observed s inging and perch ing . 

Males sang at  the t o p  o f  the  canopy a t  heigh t s  o f  up t o  24 me t res . I t  

was d i f f i cul t  t o  see the top  o f  the canopy i n  observa t ions f rom the 

ground , but  at  the canopy s ta t ion 27  of the  3 3  observa t i ons were  o f  

s i nging b i rds . 

O f  the seven rema i n i ng s pe c i es , warblers , whi teheads , s i lvereye s , 

r i fl emen and blackb i rds  were primarily observed forag i ng .  Fantails  and 

t om t i t s were generally o bserved perching .  B o t h  of  t hese  s pec i es used 

perch s i t es to survey the i r  foragi ng areas and then s al l i ed for th  to  

capture prey . Add i t i onally , these two spe c i es were obse rved s i nging or  
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cal l i ng approximat ely 25% o f  the  t i me . 

The use  o f  sequent ial  observa t i ons on the same individual was compared 

wi th  s i ngle observa t i ons  on each indivi dual ( Table 3 . 2 ) . Blackb i rds 

were not included i n  t h i s  analys is because they foraged only on the 

ground . Changing the observa t ion techni que s i gn i f i can t ly changed the 

observed habi tat  u t i l isa t i on of  several s pecies . The d i f f erences in  

heigh t  u t i li s a t i on for warblers , wh i t eheads and r i flemen o ccurred 

because a grea ter  propo r t ion  of  the fi r s t  observat i ons were a t  hei gh t s  

o f  two m e t res or  less . 

Before  go i ng i n t o  grea t e r  d e t a i l  shor t descr i p t i ons o f  the f oraging 

n i ches of the s even rema i n i ng s pecies are : 

�arblers  gleaned primari ly o f f  foliage on  kamahi ,  red beech , 

t oro and mi ro . 

�hi t eheads gleaned pr imar i ly o f f  smaller  woody sur faces on 

kamah i ,  r imu ,  mi ro and red beech . 

Fan ta i l s  fed primar i ly in  the a ir . 

S i lvereyes gleaned o f f  fol iage and small woody surfaces on red 

beech , kamahi , toro and broadlea f . They also used nec tar  

f rom rata when i t  was  avai lable and  occas ionally small

leaved Coprosma f rui t .  

Ri flemen gleaned prima rily  o f f  larger woody surfaces on 

kamahi ,  toro and red beech . 

Tom t i t s  were d i f f i cult  to  observe fo rag i ng on the ground 

because of the extensive g round cove r , so the i r  use of tha t 

subs t ra t e  ( 37 . 7% )  i s  p robably underes t i ma t ed . They also 

foraged on woody surfaces and fol iage o f  kamahi ,  toro and 
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red beech . 

Blackbi rds  fed exclus ive ly on the ground . 

Clus t e r  analy s i s  of  subs t ra t e  use d i s t inguished four gui lds a t  the  50% 

l evel o f  s i m i lari ty ( Fig . 3 . 1 ) . Ground forag i ng could no t  be seen 

f rom the  canopy s tat ion and consequen t ly there were no observa t i ons o f  

blackb i rds  and 

recogni zed f rom 

only 

the 

four 

ground 

obse rva t i ons of tomt i ts .  

were foliage-glean i ng 

The four guilds  

( warblers and 

s i lver eyes ) ,  wood-glean ing ( whi teheads , ri flemen and t om t i ts ) ,  

a i r-sallying ( fan tails ) , and ground-foraging ( blackbi rds ) .  Ther e  were 

s ome changes i n  guild s t ructure  and membership at  the  canopy s t at ion .  

Fan t a i ls and r i flemen remai ned i n  the i r  gu i lds . However ,  si lvereyes 

were c a t egor i zed in a nec tar- feed ing guild . Vhi teh eads and warb lers 

were g rouped in  a foliage/ s mall woody surface-gleaning gui ld .  These  

d i f ferences can be  explai ned by the  ou tlook f rom the  canopy s ta t i on . 

F i rs t ly ,  two large northern rata t rees could be seen f rom the canopy 

s ta t i on and these t rees were rare i n  the s tudy area but  f lowered 

p ro l i f i cally . Hence the large propo r t i on of  nec tar- feed i ng 

obs erva t i ons by s ilvereyes . Secondly , the maj ori ty o f  t rees s een f rom 

the  canopy s ta t i on were r imu , and the twigs and foliage of t hese  t rees 

wer e  d i f f i cu l t  to  d i s t ingu i sh from one ano ther . Hence warblers , wh i ch 

glean ex t ensively off  fol i age , and wh i t eheads , whi ch glean mai nly o f f  

twigs , overlapped . Members  o f  the wood-gleani ng gui ld showed the 

wi des t n i che bread t h ,  p robably because half of  the subs t ra t e  ca t egor i es 



TABLE 3 . 2  

G values calcula ted f rom a compari son of f i rs t  

foraging observa t i on wi th subsequen t foragi ng obse rva t i ons 

B i rd Species  

\larbler 

\lhi t ehead 

Fan tail  

Si lvereye 

Ri f leman 

Tomt i t  

* p < 0 . 05 

Subs t ra t e  

G OF 

1 1 . 1 40* 3 

. 99 9  5 

. 8 30 1 

15 . 02 9** 2 

1 1 .  368* 5 

6 . 6 2 8  3 

** 

Tree Species Height In terval 

G OF G OF 

26 . 605** 1 1  4 1 . 5 23** 1 4  

6 . 200 7 34 . 8 43** 1 7  

5 . 666 2 1 .  7 3 2  5 

3 . 858 3 1 3 . 208 9 

8 . 556 9 44 . 1 68** 1 3  

. 143 2 1 . 6 1 5  4 

p < 0 . 01 

94 



Spe c i es 

YARB 
SILV 
'IJHIT 
RIFL 
TOMT 
FANT 
BLAC 

YARB 
YHIT 
SILV 
RIFL 
FANT 

Bread t h  

0 . 494 
1 .  221 
1 . 323 
1 . 584 
1 . 588 
0 . 895 
0 . 000 

0 . 997  
1 . 175  
1 . 252 
1 . 462  
0 . 000 
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G round Observa t i ons 

Percen t age Simi lari ty Subs t ra t e  

70 . 0  60 . 0  50 . 0  40 . 0  30 . 0  20 . 0  1 0 . 0  0 . 0  

Fol i age 
) 

) ) Yood 
) ) 

) Air 
) Ground 

Canopy Observa t ions 

70 . 0  60 . 0  50 . 0  40 . 0  30 . 0  20 . 0  1 0 . 0  0 . 0  

) 

Foliage 
and Twigs 

Yood 
Ai r ------------------------------------�--

FIGURE 3 . 1  

Dendrograms o f  foraging subs t ra t e  overlaps 

Bird  species  abbrevia t i ons as in  t able 2 . 2 .  



were d i f feren t types o f  woody sur face . 

The f oragi ng heigh t  u t i l i sat ions were marke d ly 

s ta t i on than those observed f rom the ground 

higher a t  

(Append ix 

the 

12 ) .  

9 6  

canopy 

Thi s  

o ccurr ed because o f  b i as due t o  the pos i t i on of  the observer and 

because the canopy height 

average for  the s t udy area .  

upper layers o f  vege ta t i on 

a t  s ta t i on 1 9  was markedly h igher  t han the  

It  was d i f f i cul t to observe b i rds i n  the  

f rom the  ground because of  i n t e rveni ng 

f o l i age , and the converse was t rue at  the  canopy s t a t i on .  A l th ough 

mos t species foraged over a wide range of heigh ts s ome ver t i cal  

s t ra t i f i ca t i on of  t he b i rd communi ty was evident  par t i cularly at  the  

canopy s ta t i on .  B lackb i rds  were the only b i rds observed f rom the  

g round t o  have a narrow foraging height b read th ( Fig . 3 . 2 ) . Because 

all o f  the feed i ng observa t ions of this s p e c i es were on the ground a l l  

were a t  z e r o  heigh t , giving a foraging h e i gh t  n i che b read t h  o f  z e ro . 

Tom t i ts foraged mai n ly on or  near the ground and had the s e cond l owes t 

foraging he i ght  b read th . Varblers and r i f lemen both used a wide range 

of he igh t s t rat a  bu t bo th t ended to u s e  heights of four t o  e ight  

me t re s . These  s p e c i es had the  highes t over lap when observed f rom the  

g roun d .  The canopy observat ions were h igher with  less  ove r lap , 

warblers  ave raged s l igh t ly higher height u t i l i sa t ions than r i fl emen 

( F ig . 3 . 2 ,  Append i x  1 2 ) . Vhi t eheads , f an ta i ls and s i lvereyes were  a l l  

observed us i ng a wide  range of  s t rata . 

o f  these three s pe c i es showed less 

The canopy s ta t ion  o bserva t i ons  

overlap and more  ver t i cal 

s t r a t i f i ca t i on .  S i lvereyes foraged in  the  l arge nor thern rat a  t rees 

55% o f  t he t ime a t  this s ta t i on ,  whi ch caused an increase in  the i r  

foraging h e i gh t  u t i l i s a t ion pro f i le .  
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Ground Observa t i ons 

Speci es Bread t h  Percen tage Overlap 

90 . 0  80 . 0  70 . 0  60 . 0  50 . 0  40 . 0  30 . 0  20 . 0  

VARB 2 . 044 
RIFL 1 . 841  ) 
FANT 2 . 352  ) 
VHIT 2 . 252  ) 
SILV 2 . 3 1 6  ) 
TOMT 1 . 6 15  
BLAC o . ooo ) 

Canopy Observat ions 

Spec i es Bread th Percen tage Overl ap 

90 . 0  80 . 0  70 . 0  60 . 0  50 . 0  40 . 0  

VARB 1 . 8 20 
RIFL 1 . 6 1 8  ) 
VHIT 1 .  946 ) 
FANT 2 . 01 2  ) 
SILV 2 . 24 1  ) 

FIGURE 3 .  2 

Dendrograms o f  forag i ng heigh t  overlaps 

Bi rds species abbrevia t i ons as in t able 2 . 2 . 



Ground Observa t i ons 

Speci es Bread th Percentage Overlap 

'WARB 
'WHIT 
RIFL 
TOMT 
SILV 
FANT 
BLAC 

'WARB 
RIFL 
'WHIT 
SILV 
FANT 

1 .  956 
1 . 828  
1 . 520 
1 . 694 
1 . 588 
0 . 840 
0 . 000 

1 . 362 
1 . 132 
0 . 948 
1 . 058 

80 . 0  70 . 0  60 . 0  50 . 0  40 . 0  30 . 0  20 . 0  10 . 0  

_) _ 
) 

) 
) 

) 
) 

Canopy Observat i ons 

80 . 0  70 . 0  60 . 0  50 . 0  40 . 0  30 . 0  20 . 0  10 . 0  

) 

) 
0 . 000 - ) ------------------------------------------�--

FIGURE 3 . 3  

Dend rogr ams o f  foraging t ree species overlaps 

Bi rds  s peci es abbrev i a t i ons  as in t able 2 . 2 .  
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In ground observa t i ons warblers , whi t eheads , r i flemen and t om t i t s  were 

grouped by the i r  t ree s pecies use ( Fig . 3 . 3 ) ,  mainly because of their  

extensive use  o f  kamahi . �arblers and wh i teheads had the  gre a t es t 

amoun t o f  overlap in t ree species u t i l i s a t ion ( F ig .  3 . 3 ) . B o th used 

kamahi over 40% of the t ime , wi th red beech , toro and miro also being 

u t i l i sed , but whi t eheads were more f requen t ly observed o n  r imu . 

Ri flemen had a h i gher propor t ional use  o f  kamahi ( 63 . 5% ) . I n  add i t i on 

to their use of t ree s pecies as foraging subs t rates tomt i ts used the 

ground ( 3 7 . 7%) . S i lvereyes were grouped by themselves because of the i r  

high use of red beech ( 59 . 3% ) . Fan tai ls made l i t t le use o f  any t ree 

species , foraging mos t ly in  the air ( 7 9 . 7% ) . 

exclusively on the  ground . 

B lackbi rds foraged 

In canopy s ta t i on observa t i ons the number o f  tree  s pecies that  could be 

seen was limi t ed ,  t he common bird spec ies were observed foraging on 

seven t ree spec i e s . However , the amoun t o f  overlap in t ree species  

u t i l i sat ion between b i rd species was s imi lar t o  the overlap derived 

from ground observa t ions ( F ig .  3 . 3 ) . �arblers  and ri flemen overlapped 

70 . 8% ,  they were characterized by thei r use of rimu ,  miro and kamahi . 

As in  the ground observa t ions , ri flemen used kamahi extens i vely ( 52% ) . 

The extent  o f  overlap be tween whi t eheads and warblers was less  a t  the 

canopy s tat ion than in t he ground obse rva t i ons because whi t eheads used 

rimu predominan t ly ( 70 . 4% ) . Si lve reyes fo raged on no r thern rata  

flowers ( 55 . 1% )  and  on  r imu ( 33 . 3% ) . Fan t ai ls foraged exclus i vely in 

the air  a t  the  canopy s tation and had l i t t l e  overlap wi th any o ther 

spec ies . 

Preferen t ial foraging use  o f  t ree species by b i rd species c ould no t be 
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i n f erred  d i rec t ly f rom the g round observa t ions because t h e  numbe r  of  

observa t i ons  a t  each s ta t i on vas no t  uni form . Blackbi rds and fan tails  

used  the  g round and the  ai r respe c t i ve ly for foraging and t hus did  not  

have p r e f e rred t ree species . The o ther species ver e  analysed for 

prefere n t ia l  use by d i s cardi ng forag i ng observa t i ons i n  the ai r ,  on the 

g round and on  non-woody plan t s pec i es . The 12  mos t  a bundant t ree 

spec i e s  vere  analysed ( Table  3 . 3 ) for b i rd species · p r e ferences . Mos t 

o f  t he common b i rd species  pre feren t i ally used di ffere n t  t ree spe c i es . 

Tom t i ts d i d  no t  preferen t i ally use any t ree spec i es , probably a 

reflec t ion  o f  the i r  ex tens ive use of  the ground . Tree f erns vere 

avoi ded by all speci es vi th the excep t i on of tomt i ts .  

The can o py s ta t i on observa t i ons allov a more d i rec t compari son be tveen 

spe c i es ( Append ix  1 1 ) . The preferences of  vhi t eheads for  rimu and 

r i f lemen f o r  kamahi remain  the same . Hovever , s i lvereyes were no t 

o b s e rved us i ng the red b eech t ree that  could be seen from  t he canopy 

s ta t i o n  b u t  used the nor thern ra ta  t rees ex tens ively . Tomt i ts vere 

observed f orag i ng on only four occas i ons and no inferences can be dravn 

f rom these  da t a .  �arblers used r imu , m i ro and kamahi i n  approximately 

equal p ro po r t i ons . Thi s  con trad i c t ed the avo idance o f  r i mu eviden t 

f rom  the  g round s tudy . 
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TABLE 3 . 3  

Preferen t i al use  o f  t ree species  by foraging bi rds  

"IJARB "IJHIT SILV RIFL TOMT 

RIMU + 

MIRO 
HALL 
PHYL 
RBEE + 
KAMA + + +  
MAHO ++ 
TORO ++ 
BRDL 
AXIL 
COLO 
TFER 

Vilcoxon s igned r anks test  + p < . OS preference 
+ +  p < . 01 preference 
+ + +  p < . 001  pre ference 

p < . OS avo idance 
p < . 01 avoidance 
p < . 001  avoidance 



The foraging n i ches and 

analys i s  o f  subs t ra t e , 

foraging 

he ight 

overlaps 

and t ree 

were fur t her  

species 

1 02 

def ined by 

u t i l i sa t i on 

concur ren t ly .  Th i s  decreased the ex tent  o f  overlap cons iderably ( Fi g .  

3 . 4 ) . Tomt i t s were now grouped wi th blackbi rds b ecause bo th used the 

ground as a foragi ng subs t ra t e ,  wh i ch was c lassi f ied i n t o  the same 

height  and t ree  s pec i es classes . The i r  to t al ove rlap was 37 . 7% whi ch 

was the propor t i on of observa t i ons that tomt i ts were observed foragi ng 

on the  ground . The o ther spec i es remained in  t he groups def ined by 

subs t ra t e  usage alone . Whi t�heads and r i f lemen overlapped 36 . 0% ,  

mai nly because o f  thei r j o i n t  use o f  woody surfaces , p r i nci pally o f  

kamah i , a l though r i mu ,  m i ro , red beech and t oro were also impo r t an t . 

Warblers  and s i lvereyes overlapped 28 . 8% because o f  t he i r  j o in t us e o f  

fol i age and some o f  the smaller woody sur faces of  r e d  beech , kamahi and 

toro . 

The s easonal forag i ng n i che bread ths and overlaps were calcula t ed and 

compared for ground obse rva t i ons only (Table 3 . 4 ) .  Blackb i rds were no t 

included in  these analyses because they foraged s o le ly on the ground . 

Seasonal n i che b read ths for  fan ta i ls , s i lvereyes and tom ti t s  wer e  

unrel i able  because a l l  bread t hs and overlaps were s tandar d ized  b y  

redu c t ion  t o  equal the season in wh i ch fewes t observa t i ons  were  

recorded . All  s pe c i es , wi th  the excep t i on of s i lvereyes , had narrowes t 

subs t ra te n i che b read ths in  wi n t er ( Table 3 . 4 ) . The seasonal f oraging 

n i che bread ths based on  height and t ree s pec i es d i d  no t vary in a 

pred i c table  pa t t e rn ( Table 3 . 4 ) . Mul t i d i mensional seasonal foraging 

n i ches , whi ch were calculated  by analy s i s  o f  subs t ra t e ,  t r ee spe c i es 

and height  u t i l i sa t ion  s imul taneous ly , also  d i d  no t vary i n  a 

pred i c table  pa t t ern . The mean overlaps o f  b i rd species  use of  all  
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three n i che dimens i ons wer e  smal les t i n  w in ter  and larges t in summer 

( Table  3 . 5 ) . The larges t d i f ferences in mean overlaps be tween seasons 

were apparen t in  the use of subs t ra t e . 

The s easonal foraging n i ches of  the three mos t commonly o bserved 

s pec i es ,  warbler , whi tehead and r i f leman , were examined in great e r  

d e t ai l .  A l l  three species  s igni f i can t ly changed t h e i r  u t i li s a t ion in  

each of  the  three n i che d imens i ons (Chi  squared , p < . 001 ) . Despi t e  

t hese  d i f fe rences t h e  predominan t foraging s i t es in  each spe c i es 

remai ned constan t  (Append i ces  14 , 15 , 1 6 ) . The subs trate  profi le  usage 

o f  t omt i t s and s i lvereyes. var i ed markedly . This  may have been a 

r e f le c t i on of  the low number  of  observa t i ons for  each of  these spe c i es 

i n  s ome s easons . Tomt i t s we re observed primarily f oraging on t he 

g round i n  winter , spring and autumn , but in  summer they f or aged mainly 

on woody surfaces . S i lver eyes foraged on foliage more t han 50% o f  the 

t i me in  all seasons exce p t  autumn , when they for aged more o n  woody 

surfaces . 



Spec i es Bread th 

WARB 4 . 068  
SILV 3 .  977  
WHIT 4 . 850 
RIFL 4 . 5 1 6  
TOMT 2 . 886 
BLAC 0 . 000 
FANT 3 . 018 

Species Bread th 

WARB 
WHIT 
SILV 
RIFL 
FANT 

3 . 623 
3 . 599 
2 . 832  -
3 . 527 
2 . 012  

Ground Observa t i ons 

Percen tage Over lap 

45 . 0  3 5 . 0  25 . 0  15 . 0  5 . 0  

) 
) 

) ) 
) 

) ) 
) 

Canopy Observa t i ons 

Percentage Overlap 

45 . 0  35 . 0  25 . 0  15 . 0  5 . 0  

) 
) 

) 
) 

FIGURE 3 . 4  

Dendrograms o f  mul t i dimens ional foraging n i ches 

B i rd s pecies abbrev i a t i ons  as in table 2 . 2  
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TABLE 3 . 4  
Seasonal foraging n i che bread ths and evenness 

Subs t ra te f o raging ni che bread t h  and evenness 

'WARB 
'WHIT 
FANT 
SILV 
RIFL 
TOMT 

Summer 
H J 

. 547 
1 .  293  
1 . 306 
1 . 1 64 
1 .  570 
1 . 682  

. 238 

. 56 1  

. 567  

. 506 

. 68 2  

. 7 3 1  

Au tumn 
H J 

. 46 3  
1 . 368  

. 795  

. 99 6  
1 . 575  
1 . 374 

. 201  

. 594 

. 345 

. 432 

. 684 

. 59 7  

'Win t er 
H J 

. 302 
1 .  2 6 6  

. 17 3  
1 . 1 56  
1 . 506 

. 48 3  

. 13 1  

. 550 

. 075  

. 502 

. 654 

. 2 10 

Spring 
H J 

. 637 
1 . 286 

. 398 
1 .  249 
1 . 585 
1 .  241  

. 277 

. 559 

. 173  

. 543 

. 688 

. 539  

Height forag i ng n i che b read th and evenness 

Summer 
H J 

'WARB 1 .  902 
'WHIT 2 . 200 
FANT 2 . 3 38 
SILV 2 . 062 
RIFL 1 . 697  
TOMT 1 .  7 90 

. 686  

. 793  

. 843 

. 744  

. 6 1 2  

. 646 

Au tumn 
H J 

2 . 008 
2 . 167  
1 .  897  
1 .  7 7 3  
1 .  8 9 1  
1 . 243 

. 7 24 

. 78 2  

. 684 

. 640 

. 68 2  

. 448 

'W in ter 
H J 

2 . 107 
2 . 260  
2 . 257  
2 . 1 3 5  
1 . 844 

. 602 

. 760 

. 8 15 

. 8 14 

. 7 70 

. 665 

. 2 17 

Spri ng 
H J 

2 . 035 
2 . 061 
2 . 243 
2 . 155 
1 . 858 
1 .  067 

. 734 

. 743 

. 809 

. 777 

. 670 

. 38 5  

T ree  s pecies f oraging ni che bread th and evenness 

Summer 
H j 

'WARB 1 . 7 98 
'WHIT 1 .  798 
FANT 1 . 1 7 2  
SILV 1 .  2 73  
RIFL 1 .  492 
TOMT 1 .  827 

. 484  

. 484 

. 31 6  

. 343  

. 402 

. 492  

Au tumn 
H J 

1 . 89 6  
1 .  9 3 1  

. 748  
1 .  742  
1 .  5 3 1  
1 . 292  

. 5 1 1  

. 520 

. 202 

. 46 9  

. 4 1 2  

. 348  

'Win ter 
H J 

1 . 951  
1 .  675  

. 1 7 3  
1 . 1 66  
1 . 252  

. 48 3  

. 525 

. 45 1  

. 047 

. 3 14 

. 337 

. 1 30 

Spr i ng 
H J 

1 .  673  
1 .  549 

. 398 
1 . 020 
1 .  578 
1 . 414 

. 45 1  

. 417 

. 107 

. 275  

. 425 

. 38 1 

Mul t id imensi onal foraging n i che bread t h  and evenness 

Summer 
H J 

IJARB 3 . . 7 28 
WHIT 4 . 593  
FANT 2 . 904 
SILV 2 . 659 
RIFL 4 . 314  
TOMT 3 . 182 

. 648 

. 798 

. 504 

. 462  

. 750 

. 553  

Au tumn 
H J 

3 . 85 5  
4 . 55 1  
2 . 48 5  
2 . 859  
4 . 204 
1 . 938  

. 670  

. 79 1  

. 43 2  

. 49 7  

. 7 30 

. 33 7  

H = Ni che bread th J = evenness 

'Win ter 
H J 

3 . 662  
4 . 369  
2 . 33 7  
3 . 440 
3 . 97 3  

. 602 

. 636 

. 759 

. 406 

. 598 

. 690 

. 105 

B ird s pecies  abbrevi� t ions as i n  table 2 . 2 .  

Spr i ng 
H J 

3 . 542 
4 . 042 
2 . 453 
2 . 831  
4 . 058 
1 . 540 

. 615  

. 702 

. 426  

. 492  

. 705 

. 268 

105 



106  

TABLE 3 . 5  
Mean seasonal foraging overlaps 

Mean subs t ra t e  foraging n i che overlaps 

Season N Mean S tdev Ind i v idual 95% confidence in t e rvals 
based on pooled s tandard d ev i a t i on 

Summer 1 5  0 . 3898  0 . 1 7 16 ( -------*-------- ) 
Au t umn 15  0 . 27 1 1  0 . 1 7 79 ( -------*-------)  
'W i n t er 15  0 . 1 623  0 . 1 964 ( --------*-------)  
S p ri ng 15  0 . 2497 0 . 1 985 ( -------*------- ) 

- - - - - + - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + -

0 . 12 0 . 24 0 . 36 0 . 48 

Pooled s tandard deviat i on 0 . 1865 

Season N 

Summer  15  
Au tumn 15 
'Win t er 15  
S p r i ng 15  

Mean t re e  species forag i ng n i che overlaps 

Mean S tdev 

0 . 4735  0 . 2071 
0 . 3537  0 . 1963  
0 . 2545 0 . 2439 
0 . 2837  0 . 2504 

Individual 9 5% confi dence i n te rvals 
based on pooled s tandard devi a t i on 

( --------*------- ) 
( -------*-------- ) 

( -------*--------) 
( -------*-------- ) 

- + - - - - - - - - - + - - - - - - - - -+ - - - - - - - - - + - - - - -

0 . 1 4 0 . 28 0 . 42 0 . 56 

Pooled  s tandard dev i a t i on 0 . 2 256 

Season N 

Summer 15 
Au tumn 15  
'W i n t e r  15  
Sp r i ng 15 

Mean hei gh t  foraging ni che overlaps 

Mean S t dev 

0 . 6260 0 . 1375  
0 . 5 6 1 3  0 . 1 955 
0 . 4733  0 . 2756  
0 . 5067 0 . 2 377  

Individual 95% confidence in t e rval s  
based  on  pooled s tandard devi a t i on 

( --------*------�-- ) 
( ---------*-------- ) 

( --------*--------- ) 
. ( -------�*--------- ) 

- - - - - - - - - - + - - - - - - - - - + - - - - - - - - - + - - - - - -

0 . 48 0 . 60 0 . 7 2  

Pooled s tandard devi a t i on 0 . 2 177 
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3 . 4  D i s cuss i on 

Many s tudies of avian foraging n i che have been on large d i verse b i rd 

commun i t ies  wi th many s pecies i n  each gui ld , whi le in the  present s tudy 

only s even speci es were  cons i dered in de tai l .  The theory o f  i s land 

b iogeography pred i c t s  n i che expans i on in isolat ed bio t as ( MacAr thur and 

Vi lson 1967 ) . Large ni che bread ths were no t observed in t h i s  s tudy and 

foraging n i che over laps were low in comparison to nor thern hemisphere 

work ( He rrera 1 9 7 8 , Alatalo 198 1 b ,  1 982 , Landres and MacMahon 1 98 0 ,  

1983 , Moreno 198 1 , Sae ther 1 98 2 , Ai rola and Barre t t  1985 , Laurent  1 98 6 ,  

Vi rkkala 1 9 88 ) . 

I t  has been argued that  non-migran t b i rds  i n  nor thern t emperate  fores ts  

mus t be opportun i s t i c  in  order t o  cope wi th large f luc tuat ions in  

resource availab i l i ty ( Horse 197 1 ) . New Zealand rain  fores t s  are 

evergreen and large increases i n  numbers o f  insec t s  i n  spr ing and 

summer do  not occu r . Food res ources for  i nse c t ivorous species are 

rela t ively cons t an t  throughou t the year in  New Zealand , wi th a small 

seasonal peak i n  summer ( Moeed and Fi tzgerald 198 2 ) . O p t i mal foraging 

theory ( Pyke et  al . 1 9 7 7 )  pred i c t s  special i sa t i on of feedi ng n i che in  

th is  s i t ua t i on as a super-abundan t resource does  no t occur  a t  any one 

food s i t e each yea r . This  may also  explain why foragi ng he ight was 

less impor tant i n  d i feren t i a t i ng species fo raging n i ches . Vhen a 

super-abundant resource is avai lable at  one par t i cular s i t e  separa t i on 

in heigh t  becomes more impor tan t  i f  compe t i t ion i s  caus i ng foraging 

ni che separat ion ( Sae ther 1982 ) . 
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Complemen tar i ty in  foraging ni che axes was not  observed which could 

lead to  the  conclus i on tha t compe t i t i on is of  minor impor t ance in  

de termin i ng f oraging n i che ( Cody 1974a , Schoener 1974 , Pianka 1 9 78 ) .  

However , t h i s  conclusion i s  dependen t upon the unl ikely event  that  

n i che axes are  i ndependent and of  equal i mpor tance (Alat alo 1 9 82 ) .  

Evoki ng compe t i t i on as the causat ive mechani sm for pat t erns of  r esource 

use i nvolves c i rcular r easoning ( Landres  and MacMahon 1 980 , Simbe r l o f f  

1 983 ) . �i thout  exper i men tal manipula t i on of  t h e  resources such 

argumen t s  are cond i t i onal upon the rej e c t i on of  al t e rnate  hyp o theses 

( Alatalo et  al . 1 986 ) . Therefore I can conclude that the  f oragi ng 

axes s tudied , par t i cularly fo raging s i te ,  are impor tan t  i n  communi ty 

o rgan i za t i on ,  bu t canno t posi t ively as c r i be these d i f f e renc es t o  

compe t i t ion . However ,  s tud ies of  changes in  habi t a t  s ele c t i on  i n  

periods of  m ixed species flocking t end t o  corrobora t e  the hyp o thes i s  

that compe t i t i on on  foraging n i che axes are impor tant de termin an t s  o f  

communi ty s t ruc ture ( Morse 1970 , 1978 , Aus t i n  and Smi th  197 2 , Hogs t ad 

1978 , Ala talo  1 980 , 1 98 1 b ,  Alatalo e t  al . 1 985 , 1986 , Rabo l  1987 ) .  

The low mul t i -d imens i onal ni che overlaps o b t ained by cons i d era t i on o f  

t he three forag i ng d i mens ions concurren t ly i l lus trate  the point  mad e  by 

May ( 1 975 ) t ha t  t rue ni che overlaps c anno t be es t ima ted from 

cons i dera t i on o f  s i ngle dimens i ons sequen t ially . Conv e rsely , 

Feins inger ( 1 9 7 6 )  has no ted tha t in  cons i d e r i ng mul t i d imens ional n i che 

s pace the number of obse rva t i ons per category will decrease . The 

resu l t s  become unr e l i able and n i che  b read th and overlap w i l l  be  

underes t ima ted . Thi s  was the  case wi th  my  data where a 1 7x 1 9x 1 0  

( he igh t x t ree  speci es  x subs t ra t e )  ma t r i x  was produced in  cons i d e r i ng 

the mul t i d i mens i onal n i ches . Despi te  th is  c r i t icism ,  the i n troduc t i on 
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of  these ex t ra d i mens i ons reclass i f ied t om t i ts  into what is probably 

the i r  correc t  gui ld i l lus tra t ing the  

mul t id i mens i onal n i che measures . 

i mpor tance o f  cons ider i ng 

Compa r i s ons  o f  the niches o f  d i f f e ren t species  based on g round 

observa t i ons were biased because t he propo r t i ons of obs e rva t i ons o f  

each s pe ci e s  were d i f fererit  throughou t the s tudy a rea . The s t ructure  

and compos i t i on o f  the  vege ta t i on o f  the s tudy area var i ed ( Chap t e r  1 )  

and so s ome o f  the rela t i onships  betwe en bi rd species were  obscured . 

The degree o f  ver t i cal s t ra t i f i ca t i on wi thin  the b i rd commun i ty d id  n o t  

become apparen t un t i l  the canopy s ta t ion d a t a  were examined . This t ype 

of  problem w i ll occur in any s tudy area wi th s t ruc t ural and/ o r  

vege tat i onal d ive r s i ty but i s  rarely cons idered  i n  the l i t e ra t ure . 

Analys i s  o f  b i rd s pecies use o f  t re e  species  i ndicated  whi ch t ree  

species  were used  more/ less than s tat i s t i cally expe c t ed . To as c r i be 

b ird speci es  use o f  these t rees as prefe rred o r  avoided subs t ra t es may 

be incor r e c t .  B i rd species may be r es t r i c ted , because  of  compe t i t i o n , 

to  subo p t imal habi tats  ( Cody 1974b ) . For example , in this  s tudy t u i s  

were seen  success fully de fend ing nor thern r a t a  trees f rom bellb i rd s . 

Each o f  the  b ird  species s tud i ed showed d i f feren t t re e  

preferences  and avoidances . 

speci es 

Decrease i n  forag i ng ni che b read ths  and overlaps occurs i n  mixed 

species  flocks i n  winter  ( Morse  1970  1978 , Hogs tad 1978 , Ala talo 1980 , 

198lb ) . Op t imal foraging theory ( Pyke e t  al . 1977 )  sugges t s  t hat t he 

indivi duals in  mixe9 species flocks mus t be maximising the i r  Darw i n i an 

f i tness . Horse  ( 1 978 ) has presen t ed a model for  pred i c t i on of  the  
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presumed advan t ages of  mixed s pecies  flocking .  I f  overlap i n  foragi ng 

i nc r eases then mixed spe c i es flocking i s  food med i a ted . Fac tors  such 

as copy i ng the  foraging ac t ivi ty o f  o ther s pe c i es and i ncreased 

f lushi ng of prey wi l l  be impo r t an t .  Conversely , i f  overlap d e cr eases 

then mixed s p e c i es f locking may be p redator  media ted . Overlap in  th is  

s tudy d e creased i n  winter . The decrease observed in  t h i s  s t udy may no t  

be  genuine  because three o f  the  analy s ed species were observed in  small 

numbe rs in at leas t one season . However , if  these three s pe c i es are  

excluded f rom t he analys i s  and the  foraging niche overlaps of  warblers , 

whi t eheads and r i flemen are compared , smalles t ni che overlaps are s t i ll 

ob served i n  wi n t e r .  Desp i te the d ecrease i n  n i che overlap i n  w i n t e r  

only  one preda tor  species , t h e  falcon , o f  flying b i rds  exis t ed i n  t he 

s tudy area . Falcons were rare and d id not  appear t o  be a maj o r  s ource 

o f  mor t al i ty o f  the b i rds  whi ch congrega ted in  mixed species  flocks . 

Several explana t i ons are presen t ed for  the decreased overlap in 

f orag i ng n i che observed i n  th is  s tudy . Fi rs tly ,  the observed decrease 

in n i che overlap may be an a r t e fac t  c aused by changes i n  the numbe r of 

o b s e rva t i ons of each spec i es i n  each season . Secondly , spec i es may be 

cons t rained in the i r  foraging area in  the breeding s eason because of 

t h e  need to r e t urn to  the nes t s i te .  This , in conj unc t i on wi th 

i nc reased numbers of  prey in summer ( Moeed and F i t zgerald 1 9 8 2 ) ,  may 

cause b i rds t o  i ncrease the i r  foraging bread th wi thin  a l imi t ed area . 

Thi rdly , the s tabi l i ty o f  the  mi xed s pecies f locks observed i n  w i n t e r  

may be l i mi t ed .  The usual compos i t i on o f  a mixed f l o ck was o f  large 

numbe rs o f  whi teheads wi th a few warblers and fan t a i l s . �hi teheads 

f o rm flocks o u t s ide. the b reed ing season which are  probably food 

med i a ted by s o c i al faci l i t a t i on .  The species  seen in  associa t i on wi th 
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these flocks may b e  present in the same area purely by chance . Or they 

may be oppo r tunis t ica l ly taking advan tage of the prey f lushing by the  

whi tehead flocks i n t o  the i r  special i s t  areas o f  prey capture . Fan t ai l s  

cer tainly make u s e  of  prey f lushing by o t her  s pecies t o  cap t ure insec t s  

i n  this  way . Fou r thly , the compos i t i on o f  the avi fauna o f  New Zealand 

has changed rap i d ly s i nce the arri val of Polynesians approxima t e ly 1000 

years ago and prec ip i tously s i nce the arrival o f  Europeans 

approxima tely 200 years 

mod i f icat i on , preda t i on 

ago . The combined 

and compe t i t i on on 

e f fects  o f  

na t ive bi rd s  

habi t a t  

have been 

enormous . Many s pec i es have become ex t i n c t  and of  those that have 

survived many have become locali zed i n  d i s t r i but ion o r  reduced i n  

numbers . The s t ructure  o f  the presen t d ay b i rd commun i t y  has been 

s t rongly i nfluenced by these h i s t or i cal changes and observed 

in terac t i ons may be in a t rans i t i on s ta t e . Fi f thly , the mod e l  may be 

too s impl is t i c .  Mor r i son et al . ( 19 8 7 ) have no t ed several fac t o rs 

that are impo r t an t  i n  unders tand i ng the mechan i sms of flock format i on .  

Flock forma t ion  i n  the i r  s tudy area d i d  not sup p o r t  the 

foraging-e f f i c i ency or an t i -preda t i on model . They concluded t hat  t he 

models could no t be tes ted in the f i eld  and that  the i nd i v i duals whi ch 

make up mixed s peci es f locks we re i n fluenced by ecologi cal , 

evolu t ionary , and phys iologi cal cons t ra i n t s  whi ch could  d i f fer for  

di f feren t species . A more de tai led evalua t i on o f  m ixed spec i es 

flocking is  req u i red . 

Direct  compari sons o f  foraging ni ches o f  conspeci fics in  my s tudy area 

wi th Aus t ral ian obse rva t i ons were con founded because o f  r ad i ca l ly 

d i f feren t fores t compos i t i ons . Tree species usage and foraging heigh t 

could no t be compared . In  my s tudy ( ground s ta t ion observa t io ns onl y )  
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f an ta i ls were observed foraging i n  the  a i r  78% of  the t ime , this  

corresponds wi th  t he observa t i ons of  Holmes and Recher ( 1985 ) ( 78%)  and 

F r i th ( 19 8 4 )  ( 75% ) , however I observed less foraging by f an ta i ls from 

fol iage ( 7 . 7% )  t han i n  ei ther of  these two s tud i es ( 14% and 1 9 . 9% 

respe c t i vely ) . Recher and Holmes ( 1985 ) observed s i lvereyes f oraging 

on foliage ( 4 1% ) , b ranches ( 27% ) , f lowers ( 25%) and the ground ( 5% )  

whereas I observed t hem foraging ( ground s ta t i on observa t i ons only ) 

foliage ( 5 7 . 7% ) , twigs ( 2 1 . 4% ) , branches ( 15 . 3% )  and f rui t ( 4 . 8% ) . 

The habi t a t  use  o f  the  b i rds in  this  s tudy was 

s t ud i es car r i ed ou t  in New Zealand ( Table 

compared w i t h  o ther 

3 . 6 ) . The var i ab i li ty  

be tween s tud i es implies  tha t  bi rds change t he i r  feed i ng s t ra tegies in  

d i f feren t  hab i t a t s  and communi t i es .  G ill  ( 1 980 ) s tudied a Sou t h  Island 

b i rd communi ty , G i bb ( 19 6 1 ) a mai nland Nor th  Island bird  c ommuni ty i n  

exo t i c  ( Pinus ) fores t and Grava t t  ( 1 9 7 1 )  an offshore i s land Nor t h  

Is land b i rd communi t y .  The lower propo r t i on of  feed ing o n  the ground 

by tom t i t s  in  my s tudy was p robably a r e f lec t i on of t he heavy ground 

cover in  much of the s t udy area , whi ch obs t ructed ground observa t i ons . 
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TABLE 3 . 6  

Compa r i s ons of New Zealand bird species foragi ng s i te u t i l i sa t i ons 

be tween s tudies 

G i bb 1 9 6 1  Gravat t 1 9 7 1  G ill  1 980 this  s t udy 

Varbler  Fol i age 78  63 . 1  8 2  72 . 2  
Twig  3 1 . 3  * 1 2  21 . 5  
B ranch 1 1  2 . 3  3 5 . 8  

'Whi t ehead Fol i age 7 1  39 . 6  7 . 6  
Twig  24 . 2  50 . 2  
B ranch 24 22 . 9  38 . 2  
Trunk 6 12 . 7  4 . 0  * *  

S i lvereye Foli age 8 9  3 4  57 . 7  
Twig 9 21 . 4  
B ranch 6 6 15 . 3  
Trunk 0 42  0 . 4  

Ri fleman Twig 8 . 4  11 . 9  
B ranch 24 . 2  52 . 0  
Trunk 62 . 1  34 . 4  ** 

Tomt i t  Ground 60 52 . 4  37 . 7  
Fol i age 14 17 . 9  4 . 3  
Twig 5 . 6  * 18 . 1  
Branch 8 1 3 . 7  21 . 7  
Trunk 12  6 . 1  18 . 1  

* = twigs and t e rminal shoo ts  ** t runks and l imbs 

All data  in percen tages . 
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In the  exo t i c  fores t whi teheads and s i lvereyes were observed using 

f o l i age much more t han i n  na t ive fores t .  The degree o f  overlap i n  

forag i ng s i te be tween spec i es i n  these  s tudies was gre a t e r  t han i n  the 

presen t s tudy . Fore s t  

each s tudy a s  d id  the 

compos i t ion 

composi t i on o f  

and s t ructure vari ed markedly in  

the bird communi ty .  Fur ther 

s tud i e s  a re needed t o  d e term i ne the degree of p las t i c i ty i n  foraging 

n i ches , and to examine how t h i s  var i abi l i ty relates to changes in  

communi ty s t ructure . 

Moeed and F i tzgerald ( 19 8 2 )  have d emons trated that the use  o f  foliage 

and f ru i t  of mainly i nsec t i vorous b i rds in New Zealand may have been 

unde r e s t i ma t ed . They exami ned the faeces of d i f ferent b i rd species i n  

fore s t o f  the Orongorongo Valley , 70Kms . southeas t o f  my s tudy are a .  

A l l  s p ec i es had some vege t a t ion  i n  t he i r  faeces in  at  l eas t o n e  season .  

Furthermo r e , the propo r t i on o f  i ns e c t prey i tems i n  warblers and 

tomt i t s were s i mi lar , al though they used markedly d i f f eren t subs t rates 

for  foraging . Beet les were the mos t  impo r tan t prey i tem  fo r all the 

insec t i vo r ous speci es excep t f an t a i ls , i n  whi ch f ly i ng i ns e c t s  ( fl ies , 

mo ths and wasps ) were mos t impo r t an t .  They found li t t le var i a t ion in  

the  f r equency of  consump t i on of  main foods throughout  the  year . 

Seasonal changes i n  feed i ng s i t es i n  my s tudy may ref l e c t changes in  

the d i s t r i bu t i on o f  prey species . 

The observed d i f ferences in  b i rd foraging n i ches be tween s tu d i es wi thin 

New Zealand indicate  t ha t  b i rds respond qui te  rap idly to changes i n  

bo th habi t a t  and compo s i t i on o f  the b i rd communi t y .  The plas t i ci ty of  

f oraging n i ches wi thin  New Zealand means that l i t t le can be c oncluded 

f rom the  d i ff erences in fo raging subs t rate  use by conspeci fi c s  in New 
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Zealand and Aus t r al i a .  The ab il i ty to rapi dly change foraging n i che 

may par t i ally expla i n  the l imi ted numbe r and dens i ty of i n t roduced 

speci es whi ch have i nvaded the na tive fores t of my study are a .  Ano ther  

explana t i on may be that the maj ori ty of  i n t roduced species  a re b i rds  of  

open coun t ry .  None  of  t he Parus t i t s ,  the maj o r i ty of  whi ch are fores t 

dwell i ng species , have been i n t roduced . 

I t  i s  i n teres t i ng t o  look a t  which species  o f  i n t roduced birds have 

succeeded in  invad i ng the fores t , and how these relate  to birds  wh i ch 

have become ext inc t o r  reduced in numbers . B lackbi rds and thrushes 

forage mainly on the  ground , in my s t udy they were observed foraging 

exclus i vely on the  g round . I t  is  no t surp r i s ing that they have 

success fully invaded  the fores t because mos t  o f  the nat ive birds  whi ch 

fed on the fore s t  floor  were highly suscep t i ble to p reda t ion  by 

in troduced mammals . B i rds in  this cat egory , whi ch were common i n  the  

area , are robins , New Zealand thrushes and wekas ( Buller 1888 , 

�ilkinson 1924 ) . O f  the remaining na t ive b i r ds wi thin  the s t udy area 

only t om t i t s forage on the ground . Tomt i t s are much smalle r in s i z e ,  

and have a d i f fe rent  foraging s t rategy , than bo th blackb i rds  and 

thrushes ind i ca t i ng t ha t  they consume d i f f e ren t prey . Dunnocks were 

res ident  only in the  scrub and tussock of the highes t  al t i tude 

s ta t i ons . I did not observe any foraging behav i our , bu t they f orage 

mai n ly on the ground ( Bull 1985b) , as such i t  is likely that  they have 

also taken advan t age o f  the removal of t he ground dwelling nat i ve 

avi fauna . 

Cha f f inches and s i lvereyes were bo th obse rved foragi ng on a wide 

var i e ty of  subs t ra tes  and t ree speci es . B o t h  species are general i s t  



1 1 6  

gleane r s , f oraging mainly f rom fol iage . l t  is  probable that they 

comp e t e  for  food w i t h  warblers and whi teheads , s i lvereyes also comp e t e  

f o r  nec t ar resources wi th  tu is  and bellbi rds . Chaffinches h ave n o t  

replaced any o f  t h e  na t i ve spe c i es whi ch have been r emoved . I t  i s  

s ign i f i can t that chaffinches appear t o  en ter  the forest  dur ing the  
• 

breeding s eason and leave during the non-breed i ng season th is  en t ry 

i n t o  the  s tudy area i n  t imes o f  probable food abun dance and absence in  

peri ods o f  food  sho r t age allows them t o  avoid  compe t i t i on wi th  t he 

na t ive  avi fauna . The resources tha t s i lvereyes use are s imila r  to  

those  used  by  s t i t chbi rds (Gravat t 1 9 7 1 ) , which may par t ly explain t he 

ex t e n t  o f  the i r  invas i on i n to the fores t .  

The na t i ve s pec ies which have been replaced by in t roduced b i rds became 

rare or e x t i n c t  in the s t udy area before the adven t of the i n troduced 

bi rd s pec i es ( Buller 1888 , �i lkins on 1924 ) . Those nat i ve b i rd s  whi ch 
-

have become ex t inct  were suscep t i ble t o  changes associated  wi th human 

colon i s a t i on ( Holdaway 1 989 ) ,  and the i n troduced b i rds  t ook advan t age 

of the resources whi ch the na t ive bi rds had used . In conclus ion , the 

i n t roduced s pecies did no t d isplace the nat ives whi ch t hey have 

replaced . Further research , in d i f ferent  areas , is needed t o  compare 

the i n t egra t ion o f  the i n t r oduced s pecies  wi th the na t i ves and to  

d e t ermine how success ful they are a t  i nvad ing habi t a t s  in  whi ch 

d i f fe ren t nat ive  b i rds  have survived . 



CHAPTER 4 

SYNTHESIS 

In  this syn thes is  the  managemen t implica t i ons 

d i s cussed . B i rd d is t r i bu t ions , abundances and 

of the 

fo rag i ng 
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s tudy are  

ni ches are 

considered concurren t ly and related to  ecologi cal theo r i es . 

I t  is  s i mpl i s t i c  

communi t i es is  

to  suggest  that  the composi t ion of  fore s t  b i rd 

d i c t a t ed solely by vege t a t ion al featur es of  the 

envi ronmen t .  Climate  and topography affect  the en t i re b io ta  and , 

t oge ther wi th compe t i t i on (Roughgarden 1983 ) , h i s t o ry ( Koen and Crowe 

1987 ) and s i ze or shape of the fo res t ed area ( Soule and S i mbe r l o f f  

1 986 ) ,  a r e  impor tan t i n  s t ructur ing bird commun i ties . Be cause o f  t h e  

i n terac t i on of  these fac tors , b i rd species abundance i n  d i f ferent  a reas 

cannot  be d i rectly correla ted w i t h  the presence of par t i cular t ree  

s pecies . Never theles s , knowledge o f  b i rd s pec i es / t ree  spec i es 

i n ter-relat ionships should be valuable in  managing f o res ts for  

conserva t i on  o f  par t i cular b i rd popula t i ons . Mul t ivari ate  analyses  

s ugges t that there  are s everal broad categories  of  fores t type wi th 

whi ch d i f fer ing b i rd communi t ies are  ass oc i a ted . These associa t i ons 

may si mpl i fy fores t management because one type of fores t suppor ts  a 

number o f  b ird spec i es . 

The d i s t r i but i on o f  bi rds , and their  preferences for par t i cular t ree  

s pecies  as  foraging subs t rates , indicate  what  types of  fore s t  should be 
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conse rved for  t hose bi rds . High-canopy mi xed podocarp broadleaf fores t 

w i t h  r i mu ,  m i ro , kamahi ,  wi th  some nec t ar resources ( in this  s tudy 

M e t rosi deros ) ,  appear t o  favour high dens i t i es o f  whi t ehead s , r i flemen , 

t om t i t s ,  pigeons and tui s .  Vhereas high-canopy red beech-domi na t ed 

fores t wi th toro  as a component  of  t he unders t or ey apparen tly favours 

f an ta i ls , warblers , cha f f i nches , s i lvereyes and b lackb i rds . Howeve r ,  

t he f ores t pre ferences o f  b i rds wi thin  my s t udy area mus t also be 

c ons i d e red i n  relat i on to the surrounding habi t a t . The r ed-beech 

d ominated  fores t was adj ace n t  t o  surround i ng f a rmland and the 

Manga tainoka River . The large propo r t ion of  i n t r oduced b i rd s  in 

r ed -beech fores t may be a r e flec t ion of  the nearnes s  of pas t ureland . 

I n  add i t i on ,  compari s on wi t h  o ther s tud i es i n  New Zealand r evealed that 

n a t ive  fores t b i rds show great  var i a t ions in  the ir  fo raging n i ches 

be tween areas . 

I found that the b i rd s peci es compos i t ion of  the s tudy area was related 

t o  b o t h  the fores t s t ruc t ure  and the plan t species commun i t y . Of  the 

n i ch e  d i mens i ons inves t iga ted foraging s i t e  d i splayed t he greates t  

d i f f erence be tween s pe c i es f o llowed by  t ree s peci es  and foraging 

h e i gh t . However , compa r i s ons wi th o t her s tud i es d emons t ra ted that 

t he r e  is  a large degree of plas t i c i ty i n  foraging s i t es be tween 

hab i t a ts . The b i rds  u t i l ised  t ree species in s i gni f i cant ly d i fferent 

p r o po r t i ons f rom wha t  was ava i lable . These f i n d i ngs support  t he 

hypo thesis  of Holmes and Recher ( 1 986 b )  that  "vege t a t i on s t ruc ture 

coupled wi th  food resource avai labi l i ty and abundance ,  provide 

p ar t i cular comb ina t i ons of  foraging oppor tuni t i es f o r  b i rds tha t in 

t urn  d e termine which _ bi rds can forage successfully and s urv i ve there . " 

F o l i age s t ruc t ure and resource avai labil i ty vary wi t h  bo t h  plan t 
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spec i es and t ree height . These fac t ors shape the  forag i ng 

oppo r t uni t i es avai lable t o  b i rds , vhich in  turn influence vhich speci e s  

can successfully explo i t  food there , and so  c an be cons i dered primary 

de terminan t s  o f  guild  s t ructure  (Holmes and Recher 1 986b ) . I t  i s  a 

measure of  the res i l i ence o f  this hypo thes i s  that  i t  can b e  applied t o  

the h ighly d i s t urbed env i ronment o f  my s tudy area . A l though the  

hypo t hesis  is  vi dely appl i cable i t  does  not  apply to  all  b i rd 

commun i t i es .  Koen and Crove ( 1987 )  s t ud ied  · the  bird communi t ies o f  

podocarp fores ts i n  s ou t hern Cape Prov ince , South  Afr ica . They 

observed s i mi lar  b i rd communi t ies in s t ruc turally and f lori s t i cally 

d i f ferent fores ts and concluded that h i s t o r i cal  and b iogeograph i c  

fac t o rs i n  conj unc t i on vi th lov nu t rient  s o i ls may have been i mpor t an t  

i n  d e t e rmining the s t ruc ture  o f  the b i rd commun i t i es .  

High foraging n i che b read th or foraging n i che overlap in  one  axis vas 

not compensa ted for by lov values for o ther axes in my analys is . There  

vas a decrease in foraging ni che overlap i n  v i n t e r  in conj unct ion wi th 

mixed s peci es flocking . Changes in b i rds ' foraging ni ches be tween 

s tud i es ind i ca ted a remarkable degree of plas t i c i ty . These findings 

present  con f l i c t i ng i nforma t ion  as to  the i mpor tance of compe t i t ion  i n  

s t ruc tur ing the b i rd communi ty .  The reduced foraging ni che bread t hs 

and overlaps i n  vinter  suppor t  the hypot hes i s  o f  Schoener ( 1982 )  f o r  

n i che con t rac t ion in  p e r iods of  food shor t age a s  a resul t o f  

compe t i t ion . The d i f ferences i n  b i rd forag i ng n i ches be tween s tud i es 

vi thin  New Zealand i nd i ca t e  that b i rds are compe t i t ively cons t rained by 

t he b i rd communi ty compos i t i o n ,  although d i f f e rences in hab i ta t  may 

also be impo r t an t .  The small  degree of foraging n i che overlap be tween 

s pecies also suppor t s  the hypothes i s  tha t compe t i tion is  impor tan t in 
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s t ru c t u r i ng the  b i rd commun i ty .  However , the  lack of complementar i t y  

i n  f oraging d imensi ons argues agains t t h e  presence of  compe t i t i o n ,  

al t hough Alatalo ( 1982 ) has cri ti c i sed this  concep t .  I t  i s  probabl e  

tha t i n t erspec i f i c  compe t i t i on occurs more o f ten in  modera t e  

env i r onmen t s  i n  t h e  absence of  ex t reme phys i cal cond i t i ons which  redu�e 

popula t i ons below the  carry i ng capac i ty of thei r envi ronment  ( Connell  

1980 ) , s o  th�  s tudy area is  l i kely t o  be  a compe t i t i ve envi ronmen t .  

The only i n terspec i f i c  aggress ive in t erac t i ons observed were be tween 

the three nec tar-feeding s pecies . The i mpo r t ance of  compe t i t i on in  

s t ru c t u r i ng the  f o res t b i rd commun i ty i s  s t rongly ind i ca t ed but  cann o t  

b e  ver i f i ed wi t hou t experimen tal  man i pulat ion . 

B i rds  i n  the s tudy area had surpr i s i ngly narrow ni che bread ths . Bo th  

n i che bread ths and ni che overlaps were comparable wi th much r icher bi rd 

s pec i es assemblages . Because of  d i f ferences i n  fores t composi t io n , 
-

compar i son of  the  foraging n i ches o f  conspeci f ics in  the s tudy area and 

Aus t ra l i a  were d i f f i cul t . Di f fe rences in foraging subs t ra t e  

u t i l i sa t i on be tween  s tudies wi thin  New Zealand were comparable t o  

d i f fe rences be tween Aus t ral ia and New Zealand . These observat ions 

d i sagree wi th the  pred i c t i ons of the theory of is land b iogeography 

( MacA r t hur and �i lson 1967 , Diamond 1970 ) . Narrow niche bread ths may 

be an adap t a t ion  to  a moderate  pred i c t able environment (Levins 1968 ) . 

Moeed and F i t zgerald ( 198 2 )  n o t ed that  there is  a rela t i vely small  

increase 1n i nver tebrate  prey ava i lab i l i ty i n  summer in s i m i lar  fores t 

t o  that  o f  my s tudy area . These observa t i ons ind i cate  that the n i ch e  

b read ths of  i nsec t ivorous bi rds i n  my s tudy area may b e  comparat ively  

narrow because the  mod era te  envi ronmen t comb ined wi th an  evergreen 

fores t resu l t  i n  relat ive ly s t able food resources . 
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Analys i s  of  the foraging n i ches and abundances o f  i n troduced bi rds 

wi t h i n  the s tudy area reveal that they make up a relat ively small  

f rac t i on o f  the fores t avi fauna cons ider ing the large number of  

ex t in c t i ons caused by i n t roduced mammals . The i n t r oduced bi rds 

generally used resources whi ch would have been used by na t i ve s pecies  

had they been p resen t . All o f  the  i n t roduced birds  were mos t abundan t 

on the  edges of  the fores t where  habi tat  mod i f i ca t i on i s  great es t .  

S i lvereyes and chaffinches moved i n t o  and out of  t he s t udy area a t  

d i f ferent  t imes of  the year , allowing them t o  take advan t age of  peaks 

i n  resource avai labi l i ty and s o  avo i d  compe t i t i on wi th  nat i ve s pecies . 

The changes in nat ive bi rd foraging  ni che between fores t hab i tats  i n  

New Z ealand i nd i cate  tha t they can rapidly al ter  t he i r  f oraging ni ches 

in  res pons e to  changes in hab i t a t  and b ird commun i t y .  Thi s  plas t i ci ty  

o f  forag i ng n i che combined wi th the  small number of  i n t roduced b i rds 

whi ch are fores t i nhab i t i ng species  may explain why so  f ew i n t roduced 

spec i es have success fully i nvaded New Zealand nat ive f o re s ts . 
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0 0 1 0 l 0 

0 0 0 0 1 0 

1 0 0 1 0 

2 0 0 2 6  0 

2 0 0 0 0 

0 0 l 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 1 5  

0 0 0 1 5 0 

0 0 0 4 0 

0 0 0 0 6 0 

0 0 0 0 2 0 

0 0 0 0 0 

2 0 0 0 0 

0 0 0 0 0 0 

0 0 0 

0 3 0 

0 2 4  4 
l 5 6  4 
2 51 4 0  

0 8 3  3 0  
0 8 3  1 9  
0 4 9  0 

0 0 1 0  

0 7 0 

0 2 5  0 

0 2 2 0 

0 2 7  0 

0 6 0 

0 1 8  0 

0 6 9  0 

1 48 



s 
T 
A 
T 
I 
0 
N 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  

2 5  

2 6  

2 7  

2 8  

2 9  

3 0  

3 1  

3 i  

3 3  

3 4  

3 5  

3 6  

3 7  

3 8  

3 9  

4 0  

4 1  

4 2  

4 3  

4 4  

4 5  

4 6  

4 7  

4 8  
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Append ix  1 con t inued 

Subcanopy t i er 

Tree species code ( s c i en t i f ic names in table 1 . 1 )  

R M H P R R K M T 
0 
R 
0 

I I A H B A A A 

M R L Y E T M H 

U 0 L L E A A 0 

o o o o · 1 2  

0 0 0 0 3 6  

0 0 0 0 3 

0 2 0 0 1 6  

0 3 0 0 3 3  

0 1 0 0 3 0  

0 0 0 0 2 3  

0 1 0 0 1 1  

3 1 1  4 0 0 

0 7 1 4 2 

4 9 3 1 0 

2 1 1  2 0 0 

0 3 0 0 0 

2 4 0 0 0 

0 8 0 0 0 

0 6 1 0 1 1  

0 8 0 0 1 5  

0 2 0 0 2 0  

2 1 0  1 0 2 

4 2 0  3 1 0  0 

0 0 0 6 3 

0 1 4  2 2  4 0 

0 7 1 2  3 0 

1 0 7 6 1 

0 5 1 8  0 0 

0 6 2 0 0 

3 3 2 0  7 0 

0 0 7 0 0 

0 0 0 3 0 

0 0 4 0 0 

0 2 7 1 0 

0 1 1 0  0 0 

0 0 2 0 0 

2 0 6 0 0 

4 6 4 0 0 

2 1 0 0 0 

0 4 

1 3 

0 6 

0 0 

0 0 

0 6 

0 0 

0 0 

0 0 

0 0 

0 0 

7 0 

1 1 

5 0 

6 1 

7 • 0 

0 0 

0 0 

0 0 

0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 0 0 

0 0 0 0 0 

0 6 6  1 1  0 

0 5 3  5 0 

1 1 6  1 8  5 

0 7 8 3 

0 3 7  4 1 0  

0 2 9  1 1 6  

0 2 4  5 2 1  

0 4 0  3 2 2  

0 1 8  0 5 9  

0 2 0  0 7 5  

0 1 4  1 5 2  

0 3 3  3 5 5  

0 9 7 3 8  

0 � 9  5 4 2  

0 6 6  0 3 0  

0 4 9  1 7  8 

0 5 3  0 2 1  

0 4 5  4 1 5  

0 5 9  0 2 9  

0 3 8  0 4 3  

0 2 1  0 7 6  

0 1 2  0 5 8  

0 5·2 0 4 0 

0 2 0  0 9 

0 2 9  0 3 2  

0 1 1  0 4 4  

0 5 8  0 1 5  

0 1 0 6 

0 2 0 0 

0 2 1  0 7 5  

0 2 3  0 6 6  

0 1 0 1 0 5  

0 1 6  0 6 9  

0 2 0  7 5 8  

0 1 1  4 5 7  

0 1 6  6 7 3  

0 1 5  2 7 4  

0 1 8  0 2 5  

0 1 0  0 7 9  

0 1 1  0 6 9  

0 1 6  0 6 7  

0 ·3 0 5 3  

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

B H 
R I 

0 N 

L A 

0 

0 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

l 
0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

3 

0 

0 

2 
0 

3 

0 

0 

1 
1 

l 
1 

1 

2 

2 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

P A C C C 

U X 0 f P 

T I L 0 0 

A L 0 E L 

5 0 0 

7 0 0 

1 1 1  0 

6 6 0 

7 2 0 

8 1 0  0 

6 5 . o 
2 1 1  0 

0 0 0 

2 4 0 

1 1 9  0 

0 4 0 

4 3 0 

2 4 0 

2 1 0  0 

8 1 0 

1 2 0 

1 9 0 

0 8 0 

0 0 0 

3 1 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

2 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 7 
2 0 1 

1 1 1 1  

0 2 2 

2 2 
4 

1 0  7 

0 0 0 

0 1 0  0 

2 3 0 

0 0 8 
0 0 1 1  

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 
0 0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

o· o 
1 0 

4 0 

0 0 

0 0 

0 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 2 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 1 

1 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

L 

E 

c 

0 

0 

0 

0 

0 

0 

(I 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

f 

I 

L 

0 

T T 
F H 
E E 

R R 

M 

I 

s 

s 

I 

N 

G 

0 0 6 2 0 

0 7 5 

0 6 3 1 0 

0 3 1  1 1  2 9  

0 1 1  4 5 

o . 1 6  4 5 

·o 2 4  1 2  o 
0 2 4  2 0 

0 2 2 1 7  

0 2 0 0 

0 1 1  0 1 4  

0 1 6 2 

0 3 5  0 2 0  

0 3 0  1 1 0  

0 1 2 0 

0 1 5  2 0 

0 3 1 1 5  

0 7 0 1 5  

0 0 2 3 
0 0 2 0 

0 s 0 5 

0 0 0 1 0  

0 0 1 5 

0 0 1 7 3 

0 0 5 3 1  

0 0 3 5 2  

0 0 4 1 0  

0 0 0 1 0 6  

1 0 3 1 1 1  

0 0 0 2 0  

0 0 2 1 2  

0 0 0 0 

0 0 3 1 5  

0 0 3 2 0 

0 7 0 1 5  

0 1 2 5 

0 3 3 0 

0 0 0 6 2 

0 1 5 7 

0 0 8 

0 0 2 1 9  

0 0 0 4 0 

0 0 0 1 2 0  

0 0 0 1 2 0  

0 0 0 1 2 0  

0 0 0 1 2 0  

0 0 0 1 2 0  

0 0 0 1 2 0  



s 

T 

11. 
T 

I 

0 

N 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  

2 5  

2 6  

2 7  

2 6  

2 9  

3 0  

3 1  

3 2  

3 3  

3 4  

3 5  

3 6  

3 7  

3 6  

3 9  

4 0  

4 1  

4 2  

4 3  

4 4  

4 5  

4 6  

4 7  

4 8  

150 

Appendix  1 con t i nued 

Shrub t i e r  

T ree s pe c i es code ( s cien t i f i c  names i n  table 1 . 1 ) 

0 

R M H P R R K M T B H P A C C C O O T T  

I I A H B A 11. A 0 R I U X 0 F P L F F H 

M R L Y E T M H R O N T I L O O E I E E  

U O L L E A A O O L A A L O E L C L R R  

M 

I 

s 

s 

I 

N 

G . 

1 0 

0 

0 

0 

5 

6 

2 

2 

0 5 5  

0 1 0  

2 1 

6 4 

0 

0 

0 

0 

0 

0 

6 

2 

9 

2 1 2  

2 6 

1 2 1  

3 - 5 

3 1 6  

0 

0 

0 

0 

0 

0 

0 

0 1 3  

0 1 3  

0 6 

4 7 
0 2 8  

1 7 
2 1 4  

0 1 

0 1 

2 3 

0 

0 0 

2 0  2 6  

9 3 

8 2 3  5 1 

0 5 1 0  2 1  

9 

3 

6 

0 

0 

0 

0 

0 

3 

0 

0 1 

0 0 3 

0 1 1  0 

3 0 1 1  

1 1  1 0  

3 7 

3 1 5  

5 0 1 0 1 3  0 3 

0 1 0  

1 8 

6 1 2  

0 1 4  

4 6 

0 0 1 0 7 

1 0 1 0 3 

6 0 0 1 8 

1 3 1 8  0 0 · 1 

1 0  1 0  1 0  0 2 

9 0 0 3 1 0  1 8  

1 6  

8 2 4  

1 6 

0 

0 1 0  1 0 0 1 

1 

0 

6 

0 

0 1 1  2 9  

0 2 1 2  

6 7 3 8  

0 

0 

1 

2 

0 

3 

4 

2 

2 

1 

1 2 1  

3 5 

3 2 

7 1 0  

3 3 

7 5 

2 2 

3 8 

4 3 

2 1 8  

2 

1 

1 

1 

8 

5 

3 

1 

1 

0 

0 

0 

0 

0 

9 

3 8 1 4  1 

5 8 1 4  0 

0 2 6 1 

1 1 1 0  2 

0 1 8 0 

0 0 4 5 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 

0 

0 

0 

2 

0 

2 

0 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 
0 

0 

0 

0 

0 

2 

3 

0 

4 

0 

0 

1 

0 

0 

0 

2 

0 

1 

0 2 2 

0 0 0 

0 0 2 

0 0 4 

0 0. 4 

0 0 2 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

1 0 

3 2 

0 2 

3 0 

0 2 6  

0 5 

1 9 

0 0 

0 1 5  

0 3 1 

0 1 8  

1 1 5  

0 5 

1 4 

0 6 

1 1 

0 5 

1 6 

0 7 

0 1 5  

0 1 7  

0 1 1  

0 2 

0 0 

0 4 

0 1 5  

0 4 

0 2 

0 0 

0 2 0  

0 9 

0 4 2  

i i 
0 1 

0 2 

1 5 

0 0 

0 0 

0 1 6  

0 3 

0 5 

0 1 3  

0 2 

0 0 

0 0 

0 0 

0 0 

0 0 

1 

0 

0 

4 

1 

3 

1 

1 

0 

0 

0 

0 

1 

1 

1 

0 

1 

0 

3 

8 

0 1 1  

1 8 

0 0 4 5  

0 2 1  

2 7 

6 1 1  

0 

5 

4 

5 

1 7  

1 2 4  

2 1 

0 0 
1 0 

1 1 

3 

1 3  

2 4  

0 1 2  4 

0 

0 

1 

1 

3 

3 1 4  

1 4 

4 1 7  

3 5 

3 3 

0 0 2 

0 0 1 

0 0 0 

1 0 0 

0 6 1 9  

0 2 2 

0 2 

0 2 0 

0 9 1 3  

0 0 1 9  

0 1 1 

0 5 4 0 

9 1 0  2 7  

0 2 0 

0 

1 1 4  

0 1 1 1  

0 1 0  1 8  

0 5 2 4  

1 7 2 7  

0 1 3  1 0  

0 0 9 

0 4 2 7  

0 7 0 0 6 3 8  

0 0 

0 0 

1 

0 

l 
0 

1 0 0 0 

0 0 0 0 

0 0 0 0 

1 8 3 6  

0 1 9  4 3  

0 2 1  5 6  

1 6 6 5  

0 1 3  6 5  

0 

0 

0 

0 

0 

0 

l 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

l 
l 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
7 

0 1 

0 0 

l 1 6  

0 0 

0 6 

0 2 3  

4 1 4  

0 2 0  

2 1 9  

1 4 2 5  

0 4 2 9  

0 1 8  1 1  

0 l 0 

0 9 4 

0 2 8  

0 1 2 7  

0 0 4 7 

1 0 3 4  

0 0 1 0  

3 4 8  

1 1  7 5  

4 3 0  

1 0  5 9  

7 6 9  

6 6 3  

5 2 6  

6 2 5  

2 2 9  

4 7  

4 1 9  

0 1 9  

0 6 2  

3 4 2  

0 1 8  

3 1  1 6  

9 8 

1 4  2 0  

8 3 1  

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

7 

4 

4 

0 

0 

2 

0 

0 5 3 6  0 

0 1 5  6 6  0 

0 5 7  5 0 

0 5 7  1 7  3 

0 1 4  7 0 

0 2 2  1 0  0 

0 2 0  2 7  0 

0 4 4  1 5  0 

0 1 2 4 0 

0 2 0 1 0 

0 1 4  7 1 1  

0 3 3 0 

0 4 6 1 5 

0 5 4  3 0 

0 2 0  4 0 

0 s o  2 0 

0 1 4 3  2 0  

0 2 2  2 2  0 

0 0 1 4  0 

0 0 8 0 

4 5 5 0 

0 0 7 0 

0 2 1 0  0 

0 0 2 5 

2 0 2 8  0 

0 5 5 0 

0 0 1 2  0 

0 0 4 2 

0 1 0  5 

0 2 3 0 

0 6 6 0 

0 1 3 0 

() 2 8  1 7  1 5  
0 3 8 7 0 

0 2 0 5 5 

0 3 5 0 

0 4 0  2 3  0 

0 0 6 0 

0 1 2  4 0 

0 2 4  1 9  0 

0 0 1 9  1 0  

0 0 1 3  0 

1 1 3 4 0 

0 3 8  1 3  

0 0 0 1 2 0  

0 0 0 1 2 0 

0 0 1 1 1 7  

0 0 5 1 1 5  



Append i x  1 con t inued 

Ground t ie r  

Tree s pecies  code ( s c i en t i f i c  names in  table 1 . 1 ) 

s 

T 

A 

T 

I 

0 

N 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  

2 5  

2 6  

2 7  

2 8  

2 9  

3 0  

3 1  

3 2  

3 3  

3 4  
3 5  

3 6  

3 7  

3 8  

3 9  

4 0  

4 1  

4 2  

4 3  

4 4  

4 5  

4 6  

4 7  

4 8  

R M H P R R K 

B A A 

M 

A 

H 

0 

T B H p 

u 

T 

A 

A C C C 

X 0 f P 

I L 0 0 

L 0 E L 

0 

L 

E 

c 

0 

f 

I 

L 

I I A H 0 R I 

R 0 N 

0 L A 
M R L Y E T M 

U 0 L. L E A A 

0 1 

0 0 

0 0 

0 0 

0 6 

0 8 

0 1 

0 7 

0 8 

0 1 9  

6 1 6  

1 1 5  

2 1 5  

0 1 0  

1 1 9  

0 5 

0 6 

0 1 5  

0 1 2  

0 2 3  

2 2 8  

0 8 

0 3 

1 0 

0 2 

0 1 3  

0 5 

0 6 

0 2 

0 3 

0 0 

0 1 6  

0 1 

0 4 

0 5 

3 6 

0 5 

1 1 6  

0 7 

0 1 5  

0 1 

0 1 

0 0 

0 0 

0 0 

0 0 

0 0 
0 0 

0 0 6 1  0 2 2 0 3 1 8 0 0 5 0 0 

0 0 1 1  0 1 4  1 1  1 5 3 4 1 1 2 2 0 0 

0 0 2 4 0 1 1 2 9  8 3 1 9  0 0 0 0 0 

0 0 1 2 3  7 3 0 2 8  0 7 8 l 1 0 0 0 

0 0 3 2 1  1 0  2 1 1  3 1  0 1 4 4 1 0  0 0 

0 0 1 0 3 3  0 1 2  9 5 1 9 0 0 0 0 0 

0 0 1 2  9 1 1  8 4 8 2 1 3  0 0 3 2 0 0 

0 0 2 1 4  1 0  0 2 2 0  4 1 3 0 1 0 0 0 

1 2 0 2 1 0 3 0  8 0 0 0 0 3 3  8 0 0 

0 2 2 0 7 0 4 5  1 1  5 0 6 4 2 9 0 0 

1 0 0 1 0  1 4  1 · 7 1 3  3 2 5 0 0 1 0 0 

1 3 0 8 5 0 1 6  8 4 0 2 6 3 6  0 0 

0 1 0 0 5 3 1 1  3 5  1 1 8  3 7 3 3 0 0 

0 0 0 2 6  4 0 1 7  1 7  1 8  2 2 1 5 1 0 

2 4 0 0 4 0 2 8  1 7  1 2  1 0 1 1 1  1 1  0 0 

1 0 1 0 5 6 1 5  2 1  1 0  8 1 1 1  1 0  0 0 

0 0 3 0 4 2 3 2 5  1 0 0 4 1 8  0 0 

0 0 1 0 6 4 8 2 0  2 2  3 5 1 4 0 0 

1 0 0 2 6 1 2 1  1 5  1 2  1 7 0 5 4 0 0 

1 1 1 0 1 0 2 6  7 5 1 3 3 7 2 8  0 0 

0 2 1 2  0 2 0 2 0  1 2  0 0 0 0 2 0  1 4  0 0 

5 5 0 b 0 0 2 6  0 0 0 0 2 2 1  4 0  0 0 

7 0 2 1  0 0 0 2 7  1 4  0 0 0 1 4  2 5  0 0 

7 1 1 3  0 0 0 1 2  1 5  0 0 0 5 3 2  0 0 

3 3 0 0 2 0 2 7  1 2  0 0 0 5 3 2  0 0 

8 2 0 0 0 0 1 5  1 1  0 0 0 1 4  3 2  0 0 

1 1 3 0  0 0 2 4  1 6  0 0 0 1 8 2 3  0 0 

2 5 4 0 0 0 1 9  1 2  0 0 0 2 1 0  2 5  0 0 

0 0 6 0 6 0 5 1 5  0 0 0 0 1 4  4 9  3 

1 3 1 2  0 1 0 3 7  5 0 0 0 0 7 3 7  0 0 

0 1 0 0 0 0 4 3  1 3  0 0 1 1 6  1 2 4  0 0 

9 0 8 0 0 0 1 8  2 6  0 0 0 5 1 1  1 0  0 0 

0 0 0 1 5  0 4 2 0  1 1  0 0 s 1 2  7 0 0 

1 0 0 0 7 1 9  2 2  0 6 1 9 6 2 2  0 0 

0 0 0 0 8 1 3 7  2 7  2 7 1 1 2  4 7 0 0 

2 0 0 0 3 1 4  2 5  1 4  0 3 0 1 0  9 1 7  0 0 

0 0 0 0 2 4 4 6  2 6  2 0 0 1 9  2 5 0 0 

0 2 0 5 2 0 2 7  1 6  0 0 0 3 6 4 0  0 0 

0 5 0 1 1  9 0 3 2  1 1  0 0 2 7 4 2 0  0 0 

0 0 0 1 1  0 0 4 5  6 5 0 6 0 0 1 6  0 0 

2 0 0 0 1 0  1 2 5  1 1  0 1 0 9 2 0  1 3  1 0 

3 0 0 0 3 0 1 1  1 9  0 0 0 6 2 6  2 2  0 0 

0 0 0 0 5 0 0 2 }  0 0 0 3 3  6 1 3  0 

0 0 0 0 1 0 0 2 8  0 0 0 9 6 2 3  1 1  3 
0 0 0 0 0 0 0 0 0 0 0 0 2 5 7 8  1 5  

0 0 0 0 1 0 0 0 0 0 0 0 4 0 8 9  1 0  

0 0 0 0 0 0 Q l 0 0 0 0 4 0 1 0  0 . 

0 0 0 0 0 0 0 1 0 0 0 0 0 0 2 0 

1 5 1  

M 

I 

0 s 

T T S 

f' H I 

E: E N 

R R G 

0 3 3 0 

0 6 5 0 

0 5 3  0 

0 4 1  0 

0 1 6  0 

0 4 2 0 

0 4 7  0 

0 5 6  0 

0 2 7 0 

0 8 0 

0 4 1  0 

0 1 2  0 

2 1 1  0 

0 1 5  0 

0 9 0 

2 2 3 0 

3 1  2 0  

0 2 8 0 

0 3 3 0 

0 1 3  0 

0 8 0 

0 1 3  0 

0 9 0 

0 3 3 0 

0 3 4 0 

0 2 4 0 

0 1 0  0 

0 3 5 0 

0 1 9  0 

0 1 3  l 

0 2 1  0 

0 1 7  0 

1 2 2  1 5  

2 1 9  0 

0 9 0 

0 1 4  0 

0 9 0 

0 2 0 

0 1 2  0 

5 1 1  0 

0 1 6  1 0  

0 2 9  0 

0 3 6  0 

0 3 4  5 

0 2 0  0 

0 1 6  0 

0 1 6  8 9 

0 2 2  9 5 



APPENDIX 2 

Number o f  t ree species point  heigh t  in tercepts a t  each s ta t ion 

Tree s pecies code ( scien t i f ic  names in table 1 . 1 ) 

s 

T 

"' 

T R M H 

I I A 

M R L 

U 0 L 

p R 

H B 

y E 

L E 

R 

A 

T 

A 

K M T B 

R 

0 

L 

H P A C C c 

p 

0 

L 

E 

c 

0 

f' 

I 

L 

0 

T T 

f' H 

E E 

R R 

I 

0 

N 

A A 0 

M H R 

A 0 0 

I U X 0 f' 

N T I L 0 0 

L A A L 0 E 

1 0 0 0 0 6 3  0 2 3  2 0 1 0 

2 0 0 0 0 5 2  5 2 5  4 0 0 0 

3 0 0 0 0 2 5  5 5 0  9 12 4 6 

4 0 0 0 0 3 0  � 2 1  3 1 0 0 
5 1 0 0 0 7 3  1 s o  0 0 1 0 
6 0 3 0 0 s s  0 3 1  0 6 0 3 

7 0 1 0 0 4 2  0 2 6  0 0 0 
8 0 4 0 0 7 7  2 4 6  1 14 0 0 
9 4 2 6  3 4 0 0 s s  0 8 0 0 

1 0  9 9 0 8 2 7  0 4 1  0 3 3  2 0 
1 1  1 2 0 0 1 1 8 8  0 26 0 0 

1 2  6 3 1  1 2 0 1 4 S  0 7 3 0 

1 3  9 3 0 0 4 2 4 S  1 4  11 4 0 

1 4  0 2 7  0 0 3 4 6 1  1 8 1 0 

1 5  6 1 7  0 0 0 s 9 2  0 0 0 0 

1 6  4 0 0 0 2 4  3 6 2 .  6 0 0 0 

1 7  0 0 0 0 7 5  0 3 4  0 2 1 0 

1 8  1 2 7  0 0 6 7  4 5 3  0 0 1 6 

1 9  1 3  4 7  1 0 0 6 2 3  0 1 0 0 

2 0  6 3 7  1 4 1 5  0 4 6  0 1 3  0 0 

2 1  1 1 1 3 2 3  0 3 6  0 2 7  0 0 

2 2  2 2  2 4 7 0 0 4 3  0 2 S  0 0 

2 3  4 4 2 6 2 6  0 5 9  0 s 0 0 

2 4  4 0 1 1 2  4 0 6 3  0 3 0 0 

2 5  4 S  4 3  2 6  1 o o 5 6  · o  3 8  2 o 
2 6  1 3  1 9  1 0  9 0 0 5 2  0 1 1  3 0 

2 7  0 4 0 1 9  1 8  0 3 8  0 0 0 

2 8  0 0 3 3 0 0 8 1  0 2 1 3  0 

2 9  0 0 1 2 7  1 0 5 6  0 0 0 

3 0  0 0 1 0 1 6  0 4 4  0 2 0  0 0 
3 1  1 4  9 9 1 4  0 0 B S  0 72 2 0 

3 2  0 5 8 1 1 0  0 5 4  0 1 9  0 0 

3 3  0 0 1 0 0 7 5 9  0 1 8  2 0 

3 4  6 1 1 0 0 2 0  6 8  3 2 3  0 0 
3 5  4 5 2 0 0 0 5 7  0 1 7  4 1 0  

3 6  0 0 2 0 0 2 6 4  2 1 6  5 0 

3 7  s 6 0 0 0 1 7 6  0 2 3  0 0 

3 8  4 5 4 4 0 0 8 3  0 7 0 0 
3 9  1 0  7 3 0 0 2 8 9  0 1 6  2 2 

4 0  4 0 1 0 0 1 7 2  0 1 4  0 0 
4 1  2 6 1 4  0 0 0 4 9  0 2 6  2 0 

4 2  0 1 0  2 0  0 0 0 4 3  0 1 9  4 0 
4 3  0 0 0 . 0 0 0 3 6  0 0 1 0 
4 4  
4 5  
4 6  
4 7  
4 8 

0 

0 

0 

0 
0 

0 2 

0 0 

0 0 

0 0 

0 -0 

5 0 0 8 1 
0 . 0 0 0 0 
0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

0 1 
0 0 

0 0 

0 0 

0 0 

0 

0 
0 

0 
0 

2 0 0 0 0 0 

0 0 0 0 0 0 

2 8 0 0 0 0 

3 s 0 0 0 0 

1 0 0 0 2 0 

1 5 0 0 0 0 

1 1 0 0 2 0 

3 4 0 2 0 0 
o o o · o o o 
0 0 0 0 0 0 

3 4 0 0 0 0 

0 3 0 1 2 0 

1 2 0 0 0 0 
3 0 0 0 1 0 

0 4 0 0 0 0 

2 0 0 0 0 0 

0 0 0 0 0 0 
0 6 0 0 0 0 

0 8 0 1 0 0 

0 0 0 1 0 0 

0 0 0 6 0 0 

0 0 0 0 1 0 

0 0 0 0 2 0 

0 0 0 0 2 0 

0 0 4 2 1 7  0 

0 0 0 0 1 0 
0 0 0 0 3 0 

0 0 
0 0 

0 0 

0 0 

0 0 

.2 0 

2 0 

3 1 2  

4 0 
0 2 

0 0 
0 5 

0 2 

0 1 7 

0 0 1 4  

8 2 5 3  

0 0 5 
8 0 1 
1 0 0 

l 0 3 

2 0 0 
0 0 0 
0 0 1 

0 0 0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 1 1  0 0 1 0 

0 0 1 7  4 6 0 
0 0 1 3 3 5 5  
0 0 3 1 6  0 2 0  

0 4 5 

0 s 2 3  

0 3 0  4 8  

0 2 6 3 9 

0 2 3 

0 1 2  1 6  

0 1 6  2 7  

0 1 5  1 7  

0 0 l 

0 1 2 

0 3 4 
0 0 2 

0 1 7  2 5  

0 4 6 

0 3 3 

0 1 5  1 5  

0 0 2 

0 4 9 

0 0 1 0  

0 0 0 

0 1 1 

0 0 0 
0 0 0 

0 0 1 2  

0 0 1 
0 0 0 
0 0 9 
0 0 2 

0 0 2 6  

0 0 1 2  

0 1 7 
0 0 0 
0 9 2 2  

0 1 0  2 0  

0 2 2 
0 1 1  1 4  
0 5 

0 0 0 
0 2 4 
0 4 
0 1 

0 0 9 

0 0 4 2 
0 0 6 8 

0 0 0 0 
0 3 0  0 0 5 9  

0 1 7  0 0 6 1  
0 0 0 0 

0 0 0 0 
0 0 0 0 

0 3 5  0 0 8 2  

0 2 6  0 0 5 0  

0 2 2  2 0 3 5  
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APPENDIX 3 

S t ructural parameters o f  the vege t a t i on a t  each s ta t i on 

s 

T 

A 

T 

I 
0 

N 

X 

c 

A 

N 

1 1 8 . 0 8 
2 1 3 . 8 3 
3 1 2 . 3 0 
4 1 2 . 3 1 
5 1 9 . 9 9 
6 1 4 . 3 7 
7 1 4 . 9 0 
8 2 0 . 0 1 
9 1 1 . 4 4 

1 0  1 5 . 8 4 
1 1  1 3 . 0 6 
1 2  1 7 . 2 7 
1 3  9 . 9 7 
1 4  1 0 . 9 5 
1 5  1 5 . 2 4 
1 6  1 1 . 8 7 
1 7  1 6 . 2 1 
1 8  1 3 . 1 6 
1 9  1 6 . 5 7 
2 0  i 3 . 0 6 
2 1  1 2 . 5 4 
2 2  9 . 1 5 
2 3  1 1 . 5 3 
2 4  6 . 7 7 
2 5  6 . 3 7  
2 6  7 . 8 5 
2 7  9 . 5 0 
2 8  6 . 3 0 
2 9  4 . 7 8 
3 0  9 . 3 7 
3 1  7 . 2 5 
3 2  1 1 . 7 4 
3 3  9 . 4 3  
3 4  8 . 9 6 
3 5  7 . 4 3 
3 6  9 . 5 2 
3 7  1 2 . 2 8 
3 8  8 . 8 5  
3 9  1 0 . 4 7  
4 0  1 1 . 6 8  

p 

D 
1 

p 

D 
2 

p 

D 
3 

D 
B 
H 
1 

D 
B 
H 
2 

D 
B 
H 
3 

w 

I 
D 
1 

w 

I 
D 
2 

w 

I 
D 
3 

9 2 8 . 5  9 9 1 . 0 8  1 0 7 6 . 3  2 5 . 3  7 . 7  2 . 7  5 . 9  2 . 4 1 . 2  
9 8 3 � 0 1 5 6 8 . 6 3 2 4 1 9 . 6  2 5 . 3  8 . 5  3 . 6  5 . 8  2 . 8 0 . 9  
6 9 9 . 6  1 0 4 8 . 7 7 2 1 0 6 . 6  4 2 . 0  1 3 . 8  6 . 2  6 . 0  3 . 5  1 . 3  
7 9 5 . 5  9 9 8 . 6 0  2 1 8 5 . 8  2 8 . 8  1 0 . 8  7 . 1  6 . 1  3 . 2 1 . 7  
9 7 3 . 0  1 4 9 2 . 0 9  2 8 6 2 . 0  5 5 . 4  9 . 1  2 . 9  8 . 7  3 . 1 0 . 8  

1 1 7 4 . 8  1 2 7 4 . 7 0 2 5 5 8 . 2  1 7 . 7  8 . 1  4 . 4  7 . 1  3 . 3 1 . 4  
1 0 0 5 . 1  1 1 7 4 . 9 5  3 9 1 5 . 4  3 9 . 4  1 2 . 6  3 . 4  6 . 0  3 . 3 1 . 1 
1 1 8 2 . 6  1 2 3 4 . 4 2  3 0 6 6 . 5  3 6 . 6  9 . 9  4 . 6  1 0 . 2  3 . 6 1 . 5  
1 1 5 5 . 7  1 0 8 6 . 4 8 3 4 2 5 . 8  2 5 . 3  7 . 7  1 . 6  5 . 1  2 . 2 0 . 6  

9 1 9 . 7  1 9 3 1 . 6 2 2 1 6 7 . 8  6 1 . 2  9 . 2  3 . 8  7 . 9  2 . 3  0 . 9  
1 0 5 6 . 3  2 6 1 7 . 1 2 3 3 2 8 . 9  2 4 . 7  8 . 1  5 . 1  7 . 0  2 . 8 1 . 6  
1 0 4 1 . 7  9 7 6 . 6 6  3 6 7 2 . 4  3 6 . 8  1 1 . 9  1 . 5  6 . 9  4 . 0 0 . 9 

8 3 3 . 5  8 5 6 . 2 4 1 0 9 7 . 1  4 7 . 4  1 4 . 6  5 . 5  6 . 8  3 . 2 1 . 1  
9 1 2 . 4  6 3 3 . 0 7  1 5 1 1 . 9" · 3 0 . 8  " 1 3 . 6  4 . 8  4 . 4  2 . 7  0 . 9  
8 1 6 . 4  6 8 1 . 8 0 1 1 6 7 . 5  4 4 . 4  1 2 . 4  1 . 7  6 . 2  3 . 8 0 . 6 
8 0 3 . 5  4 8 6 . 3 6  1 2 5 2 . 0  4 8 . 6  1 1 . 2  7 . 2  7 . 0  3 . 8 1 . 4 
5 8 4 . 1  6 5 0 . 2 8 3 5 5 4 . 9  5 6 . 4  1 1 . 8  2 . 0  9 . 0  3 . 4  0 . 6  
6 5 0 . 5  6 9 3 . 0 5  2 5 9 4 . 7  5 9 . 8  1 0 . 5  3 . 7  8 . 0  2 . 9 0 . 8 
7 8 3 . 4  8 5 9 . 9 2  5 4 4 9 . 6  3 6 . 6  1 0 . 0  1 . 9  7 . 4  3 . 6  1 . 0 

1 0 7 3 . 8  8 0 4 . 0 5 7 4 8 5 . 0  4 2 . 5  9 . 9  0 . 9  6 . 3  3 . 0  0 . 5  
1 2 7 7 . 6  3 2 8 7 . 3 1 1 2 2 6 9 . 9  4 0 . 8  7 . 3  1 . 4  5 . 8  2 . 5  0 . 5  
1 3 2 6 . 3  1 2 4 8 . 6 0  1 0 8 5 7 . 8  2 2 . 1  8 . 2  1 . 3  

9 9 1 . 0  8 2 8 . 0 9 2 4 2 7 . 8  3 4 . 8  1 2 . 0  1 . 1  
1 5 2 2 . 8  4 3 0 . 2 2 5 1 6 8 . 0  2 3 . 2  1 0 . 1  1 . 2  
1 5 7 0 . 6  4 2 8 . 6 1  1 8 2 8 1 . 5  1 5 . 4  1 0 . 4  0 . 9  
1 7 4 6 . 1  

9 1 3 . 0  
1 5 9 7 . 4  
2 5 5 9 . 5  

8 8  9 .  7 
1 5 8 7 . 3  
1 1 3 2 . 9  

7 0 3 . 7  

8 9 0 . 7 1 1 0 1 9 3 . 7  2 6 . 3  7 . 8  1 . 5  
7 5 1 . 7 1 1 0 4 4 9 . 3  2 5 . 8  1 1 . 2  0 . 9  
4 0 7 . 6 1  5 3 8 5 . 0  1 8 . 6  8 . 2  1 . 6 
3 9 0 . 5 3 9 4 6 0 . 7  1 0 . 7  8 . 7  0 . 9  

1 6 1 4 . 7 3 1 4 9 0 3 . 1  2 2 . 1  7 . 0  2 . 4  
3 8 8 . 6 7 7 2 1 5 . 0  2 2 . 0  8 . 8  2 . 2  

2 0 4 3 . 7 4 8 9 7 6 . 7  2 6 . 9  6 . 2  1 . 6  
7 0 0 . 2 8 8 2 2 3 . 7  2 8 . 8  1 1 . 1  5 . 2  

1 0 1 7 . 0  9 9 8 . 7 0  
9 8 8 . 8  9 2 2 . 5 1  
8 5 9 . 1  7 9 2 . 3 9  
5 9 7 . 1  1 0 3 2 . 1 0 

1 0 6 6 . 9  9 0 3 . 1 0  
8 7 3 . 1  1 0 9 0 . 1 6 
6 5 5 . 3  8 5 8 . 5 9 

3 8 9 7 . 1  3 5 . 9  1 1 . 1  2 . 8  
5 2 5 7 . 6  2 9 . 8  1 1 . 4  3 . 6  
5 0 7 3 . 6  3 5 . 5  9 . 0  3 . 6  
2 6 2 4 . 0  4 7 . 3  9 . 9  4 . 8  
9 5 8 7 . 7  1 8 . 9  7 . 9  1 . 2  
4 8 8 5 . 2  3 5 . 1  9 . 1  3 . 8  
2 8 5 0 . 6  3 3 . 1  6 . 9  3 . 9 

4 . 7  2 . 7  0 . 4  
5 . 8  2 . 9  0 . 3  
4 . 3  2 . 6 0 . 5  
3 . 3  2 . 3 0 . 3  
4 . 4  2 . 8 0 . 7  
4 . 8  2 . 6  0 . 5  
5 . 1  2 . 6 0 . 8  
2 . 7  2 . 1  0 . 5  
4 . 8  2 . 6  0 . 6  
4 . 3  3 . 1 0 . 6  
6 . 7  2 . 7  0 . 8  
4 . 9  2 . 7  1 . 0  
5 . 9  2 . 7  0 . 8 
4 . 7  2 . 7  1 . 3  
5 . 1  2 . 4 0 . 9 
9 . 8  2 . 6  1 . 2  
4 . 0  2 . 0 0 . 6  
5 . 3  2 . 1  0 . 8  
6 . 2  1 . 9 0 . 9  

4 1  
4 2  

9 . 0 8 1 3 5 5 . 0  1 5 0 7 . 6 1 
8 . 0 0 1 4 9 5 . 4  5 4 5 . 4 6 

6 7 6 1 . 3  2 5 . 2  9 . 6  1 . 3  3 . 9  2 . 7  0 . 6 
5 7 3 7 . 2  1 9 . 5  7 . 1  2 . 0  6 . 7  3 . 5  1 . o

' 

2 8 9 3 . 5  9 . 8  0 . 0  2 . 2  1 . 7  0 . 0  0 . 4  
3 7 7 6 . 4  1 0 . 5  0 . 0  2 . 2  1 . 5  0 . 0 0 . 5  

4 3  
4 4  
4 5  
4 6  
4 7  
4 8  

3 . 0 2  6 7 2 4 . 9  0 . 0 0 
2 . 1 0 7 6 9 2 . 3  0 . 0 0  
0 . 6 7 1 2 3 9 1 . 6  0 . 0 0  
0 . 8 6 1 8 9 7 5 . 3  0 . 0 0 
1 . 0 7 1 2 6 1 0 . 3  0 . 0 0 
0 . 5 0 7 8 9 2 . 7  0 . 0 0 

0 . 0  3 . 3  0 . 0  0 . 0  0 . 7 0 . 0 0 . 0  
0 . 0  5 . 5  0 . 0  0 . 0  1 . 0 0 . 0 0 . 0  
0 . 0  4 . 7  0 . 0  2 . 2  1 . 0 0 . 0 0 . 7  
0 . 0  3 . 0  0 . 0  0 . 6  0 . 7  0 . 0  0 . 4  

X CAN = M e a n  c a n o p y h e i q h t  ( m ) .  
P D 1  t o  P D 3  = To t a l  d e n s i t y o f  t h e  c a n o p y , s u b c a n o p y  a n d  s h r u b s  i n  t l.'  .. e s  ( h a l . 
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D B H 1  t o  D B H 3  M e a n  d i a m e t e r a t b r e a s t  h ,. i g h t  ( c m )  o f  t h e  c a n o py . s u b c a n o py a n d  s h r u b s . 

W I D 1  t o  �I D 3  = M e a n  w i d t h  o f  t h e  c r o w n ( m )  o f  t h e  c a n o py , s u b c a n o p y  a n d  s h r u b s . 
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APPENDIX 4 

BASIC p rogram for calcula t i on o f  dens i ty i ndi ces 

100 ! Th i s  program calcula tes an e f f ec t ive rad ius of  de t ec t i on f rom 
1 1 0  ! f rom the rat io of near to t o tal bi rds us i ng the model 
1 20 ! P = ( 1  - 0 . 3849/A ) /A" 2 ( Davson pers . comm . 1 9 8 2 )  
1 3 0  ! �here A i s  t h e  e f f e c t i ve radius  of  detec t i on d ivided b y  20M . 
140 ! Th i s  equa t i on i s  derived from a s imple l i near model  of  de tec t  
ion , 
150 ! modi f i ed for  p o i n t  counts  ( Jarvinen and Vai sanen 1 9 75 ) .  
160 DEFINE FILE # 1  = ' OUTPUT ' 
170  PRINT " NUMBER OF DENSITIES TO BE CALCULATED" 
180 INPUT I 
190 FOR X = 1 TO I 
200 PRINT " NUMBER O F  STATION COUNTS "  
2 1 0  INPUT Q 
220 PRINT " NUMBER O F  BIRDS OBSERVED NEAR" 
230 INPUT N 
240 PRINT "NUMBER OF BIRDS OBSERVED FAR" 
250 INPUT F 
260 T=N+F 
270 L=NIT 
280 GOSUB 3 30 
290 WITE # 1 , "  11 

300 NEXT X 
310 CLOSE #1  
320  END 
330 
340 ! Subrout ine t o  calculate  e f f e c t ive rad ius and dens i ty 
350 
360 IF  L>O THEN 3 90 
370 WITE # 1 , 11 -1 " · 11 -1 " ·  

380 GOTO 5 1 0  
3 9 0  I F  L < 1  THEN 420 
400 WITE # 1 , " - 1  11 ' 11 -1 11 ' 

410  GOTO 5 1 0  
420 A = 1 
430 E=L- ( 1-0 . 3849/A ) /A " Z  
440 I F  ABS ( E ) <1 . 0000E-03 THEN 470 
450 A=A-E 
460 GOTO 4 30 
470 LET V=20*A 
480 WITE #1 USING ' ### . # ' , V :  
490 LET V=T/ 3 . 14 1 59 / ( ( 20*A ) " 2 ) * 10000/Q 
500 WITE #1  USING ' ## . ## ' , V :  
510  RETURN 
520 END 
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APPENDIX 5 

To tal numbers o f  bi rds observed a t  each s t at i on ( 80 coun t s )  

s 

T 

A 

T 

I 

0 

N 

1 
2 
3 
4 
s 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
3 3  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  

4 7  
4 8  

w 

A 

R 

B 

L 

E 

R 

5 9  
9 7  
4 2  
6 6  

W F 

H A 

I N 

T T 

E A 

H I 

E L 

A 

D 

3 3  8 1  
6 2  7 3  
3 4  6 7  
3 3  6 9  

s c 

I H 

L A 

V f' 

E f' 

R I 

E N 

y c 

E H 

R T B 

I 0 E 

F M L 

L T L 

E I B 

M T I 

lA R 

N D 

1 7 5  3 6  2 0  2 9  6 
1 3 5  2 5  1 9  4 4  1 0  

7 2  1 6  2 1  3 6  5 
1 3 1  1 7  1 1  5 7  9 

9 6  1 4  2 9  5 7  1 1  
5 4  8 3 0  2 8  1 3  
5 9  7 1 6  3 9  7 
4 4  9 1 5  3 6  8 
7 9  1 3  6 9  5 8  8 
6 1  1 6  s o  6 0  1 4  
8 3  2 2  3 1  6 5  3 2  
5 5  1 5  s o  4 0  1 5  
5 6  9 4 7  4 2  2 3  
5 9  1 2  4 2  5 5  21 

T p 

U I 

I . G 

1 
0 
0 
3 
1 
4 
1 
0 

E 

0 

N 

0 

B 

L 

lA 

c 

K 

B 

I 

R 

D 

5 
0 1 9  
0 1 2  
0 1 3  
0 1 3  
0 1 0  
0 5 
0 7 

8 3 1 0  
6 1 6  1 4  

1 1  1 3  1 5  
5 1 5  1 0  
6 9 1 5  
4 1 0  1 9  

D 

u 

N 

N 

0 

c 

I< 

7 9  2 8  6 1  
7 7  1 7  4 8  
6 3  2 3  5 2  
6 7  3 3  4 2  
7 9  1 3 5  8 
8 2  1 5 5  1 6  
9 1  1 7 0  1 3  
7 5  1 0 2  1 6  
7 5  9 6  1 8  
8 3  J. 1 6  1 6  
8 5  1 4 3  1 6  

1 0 4  1 2 1  1 9  
4 1  4 1  4 4  
9 1  1 1 3  5 4  

1 0 4  1 8  3 7  5 0  2 5  1 1  
9 9  2 6  · 3 7  7 5  2 9  7 

0 

8 1 4  
5 2 0  

0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
2 
0 
0 
1 
1 
2 
1 
0 
0 
0 
0 
0 
1 
9 

9 8  1 6 0  
8 2  1 6 1  
7 9  1 2 5  
4 5  9 7  
5 4  9 7  
4 0  9 3  
6 6  5 1  
5 9  1 0 2  
4 9  
2 8  
5 1  

8 7  
5 4  
6 5  

5 4  7 2  
5 3  6 5  
7 6  1 4 7  
7 1  
6 6  
5 8  
5 4  
7 1  
5 1  
6 3  
9 3  
6 0  
4 1  
4 5  
3 1  
2 5  
3 2  

2 5  

1 8  

3 6  
2 6  
2 5  
2 9  
4 4  
5 6  
8 3  
8 3  
8 0  
2 2  
5 2  

8 
0 

2 

2 
1 

5 9  8 2 2  2 6  5 
1 3 3  1 8  4 1  7 6  3 4  

4 4  1 0 2  1 8  6 6  7 0  3 8  
1 4  6 6  1 8  3 8  6 1  3 0  
2 1  3 7  1 6  2 1  5 3  1 0  

4 3 0  8 3 1  6 2  1 0  
2 7  6 3 7  5 6  6 
2 7  7 1 7  4 2  3 

1 
1 
0 
1 
1 
1 
0 
1 
2 
5 
9 
3 
4 
5 
8 
3 
8 
2 
4 
1 
0 

0 
0 
0 
0 

0 

3 8 5 3"9 2 8 1 0  
5 4  1 0  2 8  5 �  1 0  
4 0  8 4 7  4 1  6 
4 1  4 1 9  4 3  1 2  
3 4  5 8 5 4  1 3  
2 3  1 2  3 9  5 6  9 
2 4  1 2  2 2  4 6  1 9  
4 4  1 5  2 2  4 9  2 9  
s o  2 4  4 6  3 6  3 0  
3 3  1 6  3 6  4 0  1 9  
1 4  9 2 7  3 8  2 6  
3 4  1 3  3 9  4 5  2 4  
4 6  1 3  5 0  6 7  2 2  
2 6  1 1  5 0  4 4  
3 3  9 4 4  3 7  1 6  
5 2  1 0  4 9  4 3  1 8  
5 4  2 1  1 5  6 1  2 7  
5 8  1 1  
6 2  1 2  
4 4  1 1  
4 4 9 

6 0  1 4  
6 8  1 5  
3 4  1 5  

5 4  1 6  
4 0  2 3  

0 1 7  1 3  
0 1 5  1 3  
0 2 3  1 6  
0 1 9  2 0  
0 1 1  4 

2 
0 2 
3 7 

8 9 1 0  
4 1 1  1 3  

5 1 0  
1 1 3  
1 5 

4 
5 
0 
0 
1 
3 
0 
0 
5 
0 
2 
6 
1 
1 

1 

2 

3 
8 

n 

1 
1 
6 
5 
3 

0 5 
0 1 0  
0 1 0  
0 1 6  
0 1 2  
2 1 9  
1 1 1  
0 1 8  
4 3 7  
0 2 2  
0 1 2  
0 1 3  

. o 1 8  
1 1 8  
0 1 2  
1 1 2  
1 2 0  
1 2 8  
1 2 7  
0 2 8  1 1  
0 2 2  1 8  
0 2 8  2 7  

0 4 0  2 9  
0 2 9  4 6  
1 2 7 3 7  

s 

H 

I 

N 

I 

N 

G 

c 

u 

c 

p L 

I 0 

p N 

I G 

T T 

lA 

I 

L 

E 

D 

F 

A 

L 

c 

0 

N 

I< c 

0 u 

0 c 

I< 

0 

0 

1 0 0 0 
2 0 0 0 
2 0 1 0 
0 0 0 0 

0 1 0 
1 0 0 0 
0 0 0 1 
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APPENDIX 6 

Mean bird dens i ty a t  e ach s ta t i on ( b i rds per  hec tare)  
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1 1 . 8 0 1  
2 2 . 9 6 2  
3 1 . 2 8 2  
4 2 . 0 1 5  
5 2 . 4 1 2  
6 2 . 3 5 1  
7 1 . 9 2 3  
8 2 . 0 4 6  
9 1 . 2 2 3  

1 0  1 . 2 6 9  
1 1  1 . 4 0 9  
1 2  1 . 1 6 1  
1 3  1 . 1 6 1  
1 4  1 . 2 8 5  
1 5  1 . 3 1 6  
1 6  1 . 6 1 0  
1 7  1 . 2 5 2  
1 8  2 . 7 7 8  
1 9  1 . 5 1 7  
2 0  1 . 2 6 9  
2 1  1 . 2 6 2  
2 2  0 . 7 1 9  
2 3  0 . 8 6 3  
2 4  0 . 6 3 9  
2 5  1 . 0 5 5  
2 6  0 . 9 4 3  

1 . 1 1 0  3 . 4 6 5  5 . 6 2 0  0 . 3 6 6  3 . 3 5 5  0 . 5 4 5  0 . 0 3 1  0 . 0 2 0  0 . 0 0 0  0 . 1 2 7  0 . 0 0 0  0 . 0 0 0  
2 . 0 8 5  3 . 1 2 2  4 . 3 3 5  0 . 2 5 4  3 . 1 8 8  0 . 8 2 7  0 . 0 5 1  0 . 0 0 0  0 . 0 0 0  0 . 4 8 2  0 . 0 0 0  0 . 0 0 0  
1 . 1 4 3  2 . � 6 6  2 . 3 1 2  0 . 1 6 2  3 . 5 2 3  0 . 6 7 7  0 . 0 2 6  0 . 0 0 0  0 . 0 0 0  0 . 3 0 4  0 . 0 0 4  0 . 0 0 0  
1 . 1 1 0  2 . 9 5 1  4 . 2 0 7  0 . 1 7 3  1 . 8 4 5  1 . 0 7 2  0 . 0 4 6  0 . 0 6 1  0 . 0 0 0  0 . 3 3 0  0 . 0 0 4  0 . 0 0 0  
0 . 9 4 1  2 . 6 0 9  3 . 0 8 3  0 . 1 4 2  4 . 8 6 5  1 . 0 7 2  0 . 0 5 7  0 . 0 2 0  0 . 0 0 0  0 . 3 3 0  0 . 0 0 0  0 . 0 0 0  
0 . 5 7 2  2 . 0 5 3 1 . 7 3 4  0 . 0 8 1  5 . 0 3 3  0 . 5 2 7  0 . 0 6 7  0 . 0 8 1  0 . 0 0 0  0 . 2 5 4  0 . 0 0 0  0 . 0 0 0  
0 . 7 7 3  2 . 2 2 4  1 . 8 9 5  0 . 0 7 1  2 . 6 8 4  0 . 7 3 3  0 . 0 3 6  0 . 0 2 0  0 . 0 0 0  0 . 1 2 7  0 . 0 0 0  0 . 0 0 0  
1 . 1 1 0  1 . 7 9 6  1 . 4 1 3  0 . 0 9 1  2 . 5 1 7  0 . 6 7 7  0 . 0 4 1  0 . 0 0 0  0 . 0 0 0  0 . 1 7 8  0 . 0 0 0  0 . 0 0 0  
2 . 8 0 0  0 . 2 9 6  1 . 4 1 1  0 . 0 3 4  1 1 . 4 2 7  1 . 2 3 7  0 . 0 3 4  0 . 0 9 2  0 . 4 3 3  0 . 0 7 2  0 . 0 0 0  0 . 0 0 0  
3 . 2 1 5  0 . 5 9 2  1 . 0 8 9  0 . 0 4 2  8 . 2 8 1  1 . 2 7 9 0 . 0 5 9  0 . 0 6 9  2 . 3 1 0  0 . 1 0 1  0 . 0 0 0  0 . 0 0 0  
3 . 5 2 6  0 . 4 8 1  1 . 4 8 2  0 . 0 5 8  5 . 1 3 4  1 . 3 8 6  0 . 1 3 6  0 . 1 2 7  1 . 8 7 7  0 . 1 0 9  0 . 0 0 0  0 . 0 0 0  
2 . 1 1 5  0 . 5 9 2  0 . 9 8 2  0 . 0 4 0  8 . 2 8 1  0 . 8 5 3  0 . 0 6 4  0 . 0 5 8  2 . 1 6 6  0 . 0 7 2  0 . 0 0 0  0 . 0 0 0  
1 . 9 9 1  0 . 6 6 6  1 . 0 0 0  0 . 0 2 4  7 . 7 8 4  0 . 8 9 5  0 . 0 9 8  0 . 0 6 9  1 . 3 0 0 0 . 1 0 9  0 . 0 0 0  0 . 0 0 0  
2 . 4 0 6  0 . 5 9 2  1 . 0 5 4  0 . 0 3 2  6 . 9 5 6  1 . 1 7 3  0 . 0 8 9  0 . 0 4 6  1 . 4 4 4  0 . 1 3 8  0 . 0 0 0  0 . 0 0 0  
2 . 9 6 6  0 . 5 9 2  1 . 8 5 7  0 . 0 4 8  6 . 1 2 8  1 . 0 6 6  0 . 1 0 6 . 0 . 1 2 7  1 . 1 5 5  0 . 1 0 1  0 . 0 0 0  0 . 0 0 0  
2 . 5 1 0  0 . 7 0 3  1 . 7 6 8  0 . 0 6 9  6 . 1 2 8  1 . 5 9 9  0 . 1 2 3  0 . 0 8 1  0 . 7 2 2  0 . 1 4 5  0 . 0 0 4  0 . 0 0 0  
1 . 3 7 9  1 . 8 8 2  1 . 8 9 5  0 . 0 8 1  3 . 6 9 1  0 . 4 8 9  0 . 0 2 6  0 . 0 0 0  0 . 0 0 0  0 . 0 5 1  0 . 0 0 0  0 . 0 0 0  
3 . 7 9 9  2 . 3 1 0  4 . 2 7 1  0 . 1 8 3  6 . 8 7 9  1 . 4 2 9  0 . 1 7 5  0 . 0 4 0  0 . 2 9 8  0 . 1 7 8  0 . 0 0 0  0 . 0 0 0  
3 . 3 1 8  1 . 6 2 7 1 . 8 2 2  0 . 0 4 8  1 0 . 9 3 1  1 . 4 9 2  0 . 1 6 1  0 . 0 9 2  1 . 3 0 0 0 . 0 7 2  0 . 0 0 0  0 . 0 0 0  
3 . 3 3 9  0 . 5 1 8  1 . 1 7 9 0 . 0 4 8  6 . 2 9 3  1 . 3 0 1  0 . 1 2 7  0 . 0 4 6  1 . 5 8 8  0 . 0 9 4  0 . 0 0 0  0 . 0 0 0  
1 . 8 6 1  0 . 6 1 7  0 . 6 5 0 0 . 1 3 0  3 . 5 6 9  0 . 9 7 9  0 . 1 0 9  0 . 0 5 2  0 . 6 8 0  0 . 0 4 5  0 . 0 0 0  0 . 0 0 0  
1 . 4 4 4  0 . 1 1 8  0 . 5 2 7  0 . 0 6 5  5 . 2 6 9  1 . 1 4 6  0 . 1 0 9  0 . 0 6 5  0 . 1 3 6  0 . 0 5 9  0 . 0 0 0  0 . 0 0 0  
1 . 4 4 4  0 . 0 2 9  0 . 4 7 4 0 . 0 4 9  
1 . 3 8 4  0 . 0 2 9  0 . 4 7 4 0 . 0 5 7  
0 . 7 5 9  0 . 0 0 0  0 . 6 6 7  0 . 0 4 0  
1 . 5 1 8  0 . 0 2 9  0 . 9 4 8  0 . 0 8 1  

2 7  0 . 7 8 3  1 . 2 9 5  0 . 0 2 9  0 . 7 0 2  0 . 0 6 5  
2 8  o . 4 4 7  o . a o 4  o . o 2 9  0 . 1 2 0  o . 0 3 2  
2 9  0 . 8 1 5  0 . 9 6 8  0 . 0 0 0  0 . 5 9 7  0 . 0 4 0  
3 0  0 . 8 6 3  1 . 0 7 2  0 . 0 2 9 0 . 4 0 4  0 . � 9 7  
3 1  0 . 8 4 7  0 . 9 6 8  0 . 0 5 9 0 . 4 2 1  0 . 0 9 7  
3 2  1 . 2 1 4  2 . 1 8 8  0 . 1 4 7  0 . 7 7 3  0 . 1 2 1  
3 3  1 . 5 4 2  0 . 4 8 4  0 . 3 6 8  0 . 5 1 8  0 . 1 5 4  
3 4  1 . 4 3 4  0 . 3 5 0  0 . 1 2 3  0 . 3 4 2  0 . 1 0 3  
3 5  1 . 2 6 0  0 . 3 3 6 0 . 1 6 3  0 . 1 4 5  0 . 0 5 8  
3 6  1 . 1 7 3  0 . 3 9 0  0 . 2 0 4  0 . 3 5 2  0 . 0 8 3  
3 7  1 . 5 4 2  0 . 5 9 2  0 . 3 2 7  0 . 4 7 6  0 . 0 8 3  
3 8  1 . 1 0 8  0 . 7 5 3  0 . 1 2 3  0 . 2 6 9  0 . 0 7 0  
3 9  1 . 3 6 8  1 . 1 1 6  0 . 3 2 7  0 . 3 4 2  0 . 0 5 8  
4 0  2 . 0 2 0  1 . 1 1 6  0 . 0 8 2  0 . 5 3 8  0 . 0 6 4  
4 1  0 . 9 5 9  1 . 1 9 1  0 . 1 1 8  0 . 9 4 8  0 . 1 7 0  
4 2  0 . 6 5 5 0 . 3 2 7  0 . 0 2 9  1 . 0 1 9  0 . 0 8 9  
4 3  0 . 1 1 3  0 . 2 0 7  0 . 0 0 0  0 . 9 6 3  0 . 0 3 5  
4 4  0 . 0 7 8  0 . 0 3 2  0 . 0 0 0  0 . 6 8 4  0 . 0 3 2  
4 5  0 . 0 6 3  0 . 0 0 0  0 . 0 0 0  0 . 6 8 4  0 . 0 2 6  
4 6  0 . 0 8 0  0 . 0 0 8  0 . 0 0 0  0 . 9 3 2  0 . 0 4 1  
4 7  0 . 0 6 3  0 . 0 0 8  0 . 0 0 0  1 . 0 5 7 0 . 0 4 4  
4 8  0 . 0 4 5  0 . 0 0 4  0 . 0 0 0  0 . 5 2 8  0 . 0 4 4  

6 . 2 8 9  1 . 0 3 5  0 . 0 6 5  0 . 0 0 0  0 . 1 3 6  0 . 0 2 3  0 . 0 0 0  0 . 0 0 0  
2 . 8 9 0  0 . 7 7 6  0 . 0 3 3  0 . 0 0 0  0 . 0 0 0 0 . 0 2 3  0 . 0 0 0  0 . 0 0 0  
6 . 6 2 9  0 . 5 1 7  0 . 1 0 9  0 . 0 1 3  0 . 0 0 0 0 . 0 4 5  0 . 0 0 8  0 . 0 0 0  
4 . 7 5 9  1 . 0 1 6  0 . 1 0 9  0 . 0 3 9  0 . 0 0 0 0 . 0 4 5  0 . 0 0 0  0 . 0 0 0  
7 . 9 8 9  0 . 7 5 8  0 . 0 6 5  0 . 0 0 0  0 . 0 0 0 0 . 0 7 2  0 . 0 0 8  0 . 0 0 0  
3 . 2 2 9  0 . 7 9 5  0 . 1 3 0  0 . 0 0 0  0 . 0 0 0  0 . 0 5 4  0 . 0 0 0  0 . 0 0 0  
1 . 3 6 0  0 . 9 9 8  0 . 1 4 1  0 . 0 6 5  0 . 2 7 2  0 . 0 8 6  0 . 0 1 5  0 . 0 0 0  
6 . 6 2 9  1 . 0 3 5  0 . 0 9 8  0 . 0 0 0  0 . 1 3 6  0 . 0 5 0  0 . 0 0 0  0 . 0 0 0  
3 . 7 3 9  0 . 8 5 0  0 . 2 0 7  0 . 0 2 6  0 . 0 0 0  0 . 0 8 1  0 . 0 0 0  0 . 0 0 0  
3 . 7 3 9  0 . 9 0 6  0 . 3 1 5  0 . 0 7 8  0 . 5 4 4  0 . 1 6 7  0 . 0 0 8  0 . 0 0 0  
8 . 2 4 4  0 . 6 6 5  0 . 0 6 1  0 . 0 0 6  0 . 0 0 0  0 . 0 3 9  0 . 0 0 4  0 . 0 0 0  
6 . 4 5 2  0 . 7 3 9  0 . 0 3 9  0 . 0 0 6  0 . 0 0 0  0 . 0 2 1  0 . 0 0 8  0 . 0 0 0  
4 . 8 3 9  0 . 7 0 2  0 . 0 5 3  0 . 0 1 9  0 . 0 0 0 0 . 0 2 3  0 . 0 0 4  0 . 0 0 0  
6 . 9 9 0  0 . 8 3 2  0 . 0 4 9  0 . 0 0 6  0 . 0 0 0 0 . 0 3 2  0 . 0 0 0  0 . 0 0 0  
8 . 9 6 1  1 . 2 3 8  0 . 0 4 5  0 . 0 1 9  0 . 0 9 9  0 . 0 3 2  0 . 0 0 0  0 . 0 0 0  
8 . 9 6 1  0 . 8 1 3  0 . 0 1 6  0 . 0 1 2  0 . 0 0 0  0 . 0 2 1  0 . 0 0 0  0 . 0 0 0  
7 . 8 8 6  0 . 6 8 4  0 . 0 3 3  0 . 0 2 5  0 . 0 9 9  0 . 0 2 1  0 . 0 0 0  0 . 0 0 0  
t . 7 8 2  . 0 . 7 9 5  0 . 0 3 7  0 . 0 1 9  0 . 0 9 9 0 . 0 3 5  0 . 0 0 0  0 . 0 0 0  
2 . 5 5 0  1 . 1 2 7  0 . 2 9 4  0 . 1 0 4  0 . 1 3 6  0 . 1 2 7  0 . 0 0 8  0 . 0 0 0  
0 . 6 8 0  0 . 9 9 8  0 . 1 7 4  0 . 0 2 6  0 . 1 3 6  0 . 1 2 2  0 . 0 6 8  0 . 0 0 0  
0 . 0 0 8 0 . 2 8 8  0 . 0 2 9  0 . 0 2 �  0 . 0 0 0  0 . 0 8 9 0 . 1 2 1  0 . 0 4 9  
0 . 0 0 0  0 . 1 2 3  0 . 0 1 7  0 . 0 0 �  0 . 0 0 0  0 . 0 7 0  0 . 1 9 8  0 . 0 0 0  
0 . 0 0 0  0 . 1 0 8  0 . 0 1 7  0 . 0 0 4  0 . 0 0 0  0 . 0 8 9  0 . 2 9 6  0 . 1 2 4  
o . o o o  0 . 1 6 6  o . o 2 o  o . o : �  o . o o o  0 . 1 2 1  o . 3 1 8  o . 1 4 8  
0 . 0 0 0  0 . 1 3 7  0 . 0 2 5  0 . 0 2 0  0 . 0 0 0  0 . 0 9 2  0 . 5 0 5  0 . 0 9 9  
0 . 0 0 0  0 . 0 7 9  0 . 0 0 5  0 . 0 1 2  0 . 0 9 ?  0 . 0 8 6  0 . 4 0 6  0 . 0 7 4  
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APPENDIX 7 

Pearsons correlat i on coeff icients  of bi rd spec i es dens i t ies 

w i t h  variables of  the vege ta t ion 

S t ru c tu ral parame ters o f  t he vege tat i on 

P l a n t  
C o d e s  B i r d  S p e c i e s  C o d e s  ( S c i e n t i f i c  n a m e s  i n  t a b l e 2 . 2 )  

X CAN 
P D 1  
P D 2  
P D 3  
D B H 1  
D B H 2  
D B H 3  
W I"D 1  

W I D 2  
W I D 3  

WARB WH I T  

. 6 2 0 * *  . 3 6 0  

- . 4 6 0 *  - . 2 0 8  
. 1 9 9  . 2 4 6  

- . 4 6 5 *  - . 2 3 5  
. 3 8 1  . 4 0 9 *  

. 0 3 0  . 0 8 2  

. 4 9 8 * *  . 0 0 8  

. 5 0 7 * *  . 2 5 2  

. 1 6 8  . 2 0 0  

. 4 8 0 *  - . 0 2 6  

!'"ANT S I LV CHAF 

. 6 7 7 * *  . 5 6 5 * *  . 2 9 8  
- . 3 7 2  - . 2 8 4  - . 1 9 8 

. 1 1 9  . 0 5 5  . 2 0 5  

- . 4 8 2 *  - . 4 5 4 * - . 1 5 6 
. 3 2 4  . 2 4 6  . 0 0 8  
. 1 8 4  . 0 5 0  - . 1 9 3  
. 4 2 7 *  . 3 1 1  . 1 8 8  
. 4 4 5 *  . 3 2 6  . 0 8 7  
. 3 6 8  . 2 6 4  - . 0 2 3  
. 4 9 5 * *  . 3 8 4  . 2 3 9 

R I F L  T OMT 

. 0 9 2  . 0 9 3  

- . 4 7 0 * - . 0 8 5  
- . 0 6 9  . 1 6 1  

- . 0 2 0  - . 1 5 5 
. 2 5 1  . 3 1 0  
. 1 0 6  - . 0 5 4  
. 0 1 2  . 1 1 1  
. 0 8 0  . 1 8 8  

- . 2 1 3  . 1 3 9  

- . 1 4 3  . 0 4 3  

Point  heigh t  in tercep t s  

B E LL 

- . 2 3 9  
. 3 4 9  
. 1 3 0  
. 2 8 1  

- . 1 7 6  
- . 2 6 5  
- . 2 6 6  
- . 1 3 9  

. 1 1 3  
- . 1 8 4  

T U I  

. 1 5 7  

. 0 7 5 

. 3 0 5  
- . 1 6 7 

. 0 4 5 
- . 0 6 0  

. 0 5 4  
• 0 5 0  

. 2 1 6  

. 1 5 8  

P I G E 

. 3 1 9  
- . 1 3 9  

• 2 7 4 
- . 2 2 2  

. 3 4  7 

. 2 0 0  

. 0 5 6  
• 2 2 3 
. 2 4  4 
• 0 9 1  

B LAC 

. 4 2 3 *  

- . 1 3 9  
. 1 9 1  

- . 3 7 2. 
. 1 1 2  
. 0 5 7  
. 4 2 3 *  
• 2 7 8  
. 3 4  8 
. 4 2 6 • 

P l a n t  
C o d e s  B i r d  S p e c i e s  C o d e s ( S c i e n t i f i c  n a m e s  i n  t a b l e  2 . 1 )  

WARB WH I T  !'" AN T S I LV CHAF R I F L  T O MT 

R I M U  

M I RO 
H ALL 
P H Y L  
R B E E  

RATA 
KAMA 

MAHO 
TORO 
BRDL 

- . 2 4 3  . 0 1 7  - . 2 9 3  - . 2 4 5  - . 2 9 5  . 2 5 3  - . 0 3 3  
- . 0 3 8  . 5 0 4 * * - . 1 0 5  - . 0 0 5  - . 2 9 4  . 4 4 6 *  . 3 2 9 . 
- . 3 7 7  - . 2 5 9  - . 3 7 3  - . 2 5 2  - . 0 7 3  - . 1 9 8  - . 1 3 7  
- . 4 6 6 *  - . 0 5 8  - . 3 7 8  - . 2 9 5  - . 2 6 7  - . 1 2 4  - . 0 2 8  

. 6 6 3 * *  . 0 5 9  . 7 8 6 * *  . 6 8 3 * *  . 5 0 6 * * - . 3 1 9  - . 1 7 5 

. 2 8 8  - . 0 2 1  . 1 8 6  . 1 5 6  . 1 8 0  . 1 1 3  . 0 2 1 

- . 3 1 0  - . 0 3 5  - . 5 7 9 * * - . 4 9 9 * * - . 3 9 5 *  . 2 3 3 . 0 7 4  

. 1 1 5  . 0 3 0  . 2 8 6  . 2 1 3  . 1 2 7  - . 0 2 4  - . 0 3 3  
- . 3 2 9  - . 1 5 6  - . 4 3 5 *  - . 4 5 7 * - . 1 2 0  . 0 0 5  - . 0 5 6 
- . 3 5 0  - . 2 5 7  - . 1 5 4  - . 1 5 1  - . 1 2 2  - . 1 4 4  - . 2 1 8  

H I NA . 2 0 9  - . 0 5 7  
P UTA . 2 4 5 - . 1 7  3 
A X I L  . 3 4 4  . 0 6 7  

c
'
o Lo - . 2 6 0  - . 3 0 0  

. 1 9 8  
• 2 7 3 
. 2 2 3  

- . 2 5 5  

. 1 0 0  

. 1 7 2  

. 1 0 1  

- . 1 7 6  
C F O E  - . 1 8 9  - . 0 6 1  - . 1 5 8  - . 1 6 7  
C P OL - . 2 7 6  - . 1 9 8  - . 2 4 7  - . 2 1 8  
T F E R  . 3 8 0  - . 1 7 5  . 5 2 7 * *  . 3 2 7  

. 0 9 7  - . 0 4 5  

. 1 7 5  - . 1 3 7 
- . 0 4 7  . 1 5 8  

. 1 5 6  - . 2 7 6  

. 0 7 4  - . 3 2 3  
- . 0 3 7  - . 1 6 0  

. 2 2 '?  - . 1 9 7  

- . 1 2 9 
- . 0 8 8  

- . 0 3 1  
- . 0 4 4  

. 0 2 5 
- . 1 2 1 
- . 1 3 8  

B E L L T U I  

. 0 9 3  . 0 6 2  

. 2 2 6  . 2 8 5  

. 4 7 1 * - . 0 0 5  

. 1 0 4 - . 0 6 0  

- . 2 4 0  - . 2 3 4  
- . 1 6 6  - . 0 4 3  

. 0 6 6  . 0 4 7  

- . 1 3 5  . 0 0 1  

. 3 2 9  . 0 0 1  

. 0 8 4  - . 2 3 1  

- . 0 8 4  - . 1 0 6 

- . 2 7 4  - . 0 4 5  
- . 1 5 4  . 1 1 0  

. 5 1 1 *  . 0 5 8  

. 4 1 9 *  . 1 3 3  

. 3 7 3  - . 1 1 0 

- . 3 0 3  - . 0 6 3  

P I G E  B LA C  

. 0 5 3  - . 2 8 5  

. 4 5 2 *  - . 1 4 9  
- . 2 0 9  - . 1 6 6  
- . 0 6 6  - . 2 3 9  
- . 2 0 3  . 5 6 6 * *  

- . 0 2 8  . 1 6 2  

. 0 2 1  - . 4 3 7 *  
. 0 7 7  . 3 3 9 
. 0 3 4  - . 2 8 7  

- . 0 6 4  - . 1 1 8 
- .  1 5  5 

- .  0 2 2 
. 0 3 1  

- . 1 8  7 

. 0 3 0 
- . 1 6  7 
- .  1 4  9 

. 1 1 7  

. 1 9 1  

. 0 9 0  
- . 0 6 6  
- . 0 8 6  
- . 1 1 1 

. 4 8 0 .  

• T w o  t a i l e d  t e s t  o f  s i 9 n i f i c a n c e  P 

T w o  t a i l e d  t e s t  o f  s i 9 n i f i c a n c e  P 
0 . 0 1 , w i t h  4 0  de 9 r e e s  o f  f r e e d o m . 
0 . 0 0 1 , w i t h  4 0  d e 9 r e e s  o f  f r e e d o m .  

P l a n t  s p e c i e s  s c i e n t i f i c  n a m e s  i n  t a b l e  1 . 1 .  

F u l l  n a m e s  f o r  e a c h s t r u c t u r a l  v a r i a b l e  i n  a p p e n d i x  3 .  

S t a t i o n s  4 3  t h r o u 9 h  4 8  we r e  e x c l u d e d  f r o m  t h e  a n a l y s e s . 
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Append ix 7 con t inued 

All t i ers  

P l a n t  
C o d e s  B i r d S p e c i e s  C o d e s  ( S c i e n t i f i c  n a m e s  i n  t a b l e  2 .  2 )  

WARS WH I T  FANT S I LV CHAf R I F L  TOMT B E L L  T U I  P I G E  B LA C  

R I MU - . 2 3 7  . 4 8 1 *  - . 2 8 0  - . 2 4 5  - . 4 6 5 *  . 4 4 6 *  . 3 1 4  - . 0 2 6  . 3 6 1  . 7 3 7 * * - . 3 0 6  
M I R O  . 0 0 6  . 7 7 4 * * - . 1 1 9 - . 0 5 3  - . 3 9 6 *  . 4 3 1 * . 5 2 2 * *  . 1 5 8  . 5 1  9 • •  . 7 3 1 * * - . 1 6 8  
H A L L  - . 6 9 7 * * - . 1 0 5  - . 6 4 4 * * - . 4 8 8 *  - . 3 6 2  - . 0 3 6  - .  0 1 4  .

"
2 7 8  - .  0 6  7 - . 1 5 1  - . 4 3 1 *  

P K Y L  - . 5 8 0 * *  . 0 7 9  - . 4 8 3 *  - . 3 7 1 - . 3 8 3 . 0 2 1  . 0 5 5  . 0 8 7  . 0 1 3  . 0 8 1  - .  3 5 8  

R B E E  . 6 2 8 * * - . 0 2 6  . 8 0 7 * *  . 7 4 4 * *  . 6 4 6 * * - . 3 6 8  - . 2 5 5  - . 2 8 6  - . 2 1 9  - .  2 4 1  . 6 0 5 * *  

RATA . 3 2 1  - . 0 2 0  . 2 9 6  . 1 9 5  . 0 3 2 - . 0 0 4  . 0 3 5 - .  2 4 4 - . 0 1 6  . 0 9  2 . 3 2 2  
KAMA . 1 6 7  - . 0 2 4  . 0 1 3 . 0 6 6  . 1 1 7  . 3 3 9 - . 0 9 7  - .  0 7 1  . 0 2 7 - .  1 4  3 - . 1 5 9 
MAKO . 4 1 4 .  - . 1 0 8  . 5 7 6 * *  . 4 7 6 *  . 4 4 9 .  - . 1 7 1  - . 0 6 0 - . 2 9 7  - .  1 8  8 - .  1 5 6  • 4 9 5 • •  
TORO - . 3 2 2  . 0 3 8  - . 6 1 6 * * - . 5 9 5 * * - . 2 8 7  . 3 9 4 *  . 1 7  5 • 2 9 4 . 1 8 3  . 2 3 8  - . 4 7 9 * 
B R D L  . 0 5 7  - . 1 8 2  . 1 2 2 . 0 1 1  - .  1 0  4 - . 1 0 1  . 0 0 1  . 0 1 7  - .  0 5 4  - . 0 8 2  . 1 7  2 
H I NA . 4 8 3 *  . 6 6 4 * *  . 3 2 3 . 3 6 4  - .  0 3 1 . 3 2 0  . 5 1  3 • •  . 1 2 5  . 3 1  5 . 4 3  3 • . 2 1 7  
PUTA . 4 9 7 * * - . 0 3 3  . 5 4 0 * *  . 4 4 7 *  . 2 5 9  - . 1 8 5 - . 0 8 5  - .  2 2 2 . 0 2 0  - . 0 2 8  . 3 9 ., .  
AX I L  • 4 8 7 .  . 2 7 2  . 4 6 2 *  . 3 4 5 . 1 1 4  . 1 3 3 . 1 1 1  - .  1 8  4 . 1 8  4 . 1 9 7  . 3 6 0  
C O LO - .  2 7 3  - . 4 6 5 *  - . 3 6 8  - .  3 4 5  . 0 5 2  - . 1 4 9 - . 0 8 4 . 3 2 5  - .  1 4  4 - .  2 4  3 - . 2 2 7  

C FO E  - . 5 2 0 * * - . 0 3 3  - . 4 6 6 *  - .  3 3 1  - . 1 8 7  - . 0 6 8  . 1 9  7 . ·3 7 4 . 2 3 0  - . 1 0 4  - . 2 8 1  
C P O L - . 6 4 0 * * - . 2 1 4  - . 6 5 4 * * - . 5 8 4 * * - . 3 9 1 . 1 2 3 - . 0 9 4 . 0 5 3  - .  2 5 4  - .  1 2  3 - . 5 6 9 * *  
T F E R  . 3 8 3 - . 0 4 0  . 4 6 4 * . 2 8 4  . 1 0  2 - . 0 9 4  - . 0 0 7 - .  3 0 0  . 0 0 7  . 0 4 2  . 4 5 9  • 

Canopy 

P l a n t  
C o d e s  B i r d  S p e c i e s C o d e s  ! S c i e n t i f i c  n a m e s i n  t a b l e  2 .  1 ) 

WARS WH I T  FANT S I LV C H A f  R i f L  T OMT B E L L T U I  P I G E  B LA C  

R I M U  - . 2 0 5  . 4 2 2 *  - .  2 1 7  - .  1 8  3 - . 3 7 6  . 4 0 1 .  . 2 7 9 - . 0 2 4  . 2 7 9 . 6 5 8 * * - . 2 4 1 

M I R O . 0 3 3 . 7 2 8 * * - . 0 4 7  . 0 7 2 - .  2 4 9 . 4 2 1 *  . 5 3  3 • •  . 2 3 2  . 4 5 0 *  . 6 1 4 * * - . 0 9 0 
H A L L  - . 5 5 2 * * - . 1 6 7  - . 4 4 5 *  - . 3 1 2  - .  1 4  0 - .  2 6  2 - .  0 3 0 . 4 3 2 *  - . 0 4 0  - . 2 1 1 - .  1 9  3 
P H Y L  - . 5 1 9 * * - . 1 7 7  - . 4 1 3 *  - . 3 1 7  - . 2 6 1  - . 2 2 2  - . 1 0 1  . 1 6 9  - . 1 4 8  - . 2 3 0  - .  2 6  7 
R B E E  . 6 4 3 * * - . 0 0 5  . 8 1 8 * * . 7 2 1 * *  . 6 0 3 * * - . 3 7 4 - . 2 6 5  - .  3 1 0  - .  2 2 7  - . 2 1 4 . 6 1 3 * * 

KAMA - . .4 5 3 *  - . 2 9 5  - . 7 2 8 * * - . 6 9 8 * * - . 4 0 8 *  . 3 3 2  . 0 1 2  . 1 6 3  - . 0 6 7 - .  1 7 6  - . 5 5 7 • •  

TORO - . 2 4 9 - . 0 8 4  - . 3 8 6 - . 3 6 6  - . 0 8 9 . 1 8 3  . 0 8 5  . 1 5 9  . 1 4 6 . 0 4 4  - . 3 1 6  

B R D L  - . 1 8 5  - . 3 0 3  - . 2 1 6 - . 2 3 4 - .  2 0 9 . 0 0 0  - . 0 5 2  . 0 5 5  - . 1 1 2 - . 0 7 7  - .  1 5  7 

P UTA . 1 6 7  - . 0 5 9 . 2 7 3 . 1 2 9  - .  0 1 3 - . 0 7 4  - .  0 2 1  - . 2 2 1  . 0 1  5 . 1 2 2  . 2 6 6 
T f E R  . 3 1 2  - . 0 6 3  . 5 0 4 * *  . 4 1 1 .  . 1 6  4 - . 2 3 q  - . 1 0 3  - . 2 0 2  . 1 4  6 . 0 5 0  • 4 2 9 * 

* T w o  t a i l e d t e s t  o f  s i g n i f i c a n c e  P < 0 . 0 1 , w i t h  4 0  d e g � e e s  o f  f � e e d o m . 

T w o  t a i l e d t e s t  o f  s i g n i f i c a n c e  P < 0 . 0 0 1 , w i t h  4 0  d e g r e e s  o f  f r e e d o m . 

P l a n t  s p e c i e s  s c i e n t i f i c  n a m e s  i n  t a b l e  1 . 1 .  

f u l l  n a m e s  f o r  e a c h s t r u c t u r a l  v a r i a b l e  i n  a p p e n d i x  3 .  

S t a t i o n s  4 3  t h r o u g h  4 8  w e r e  e x c l u d e d  f r o m  t h e  a n a l y s e s . 
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Append ix 7 c on t i nued 

Subcanopy 

P l a n t  
C o d e s  B i r d  S p e c i e s  C o d e � ( S c i e n t i f i c  n a m e s  i n  t a b l e  2 . 1 ) 

WARB WH I T  FANT S I LV C H A F  R I F L  TOMT B E L L  T U I  P I G & B LA C  

M I RO - . 2 1 3  . 4 2 2 .  - . 1 8 4  - . 1 2 5  - . 4 0 6 *  . 3 7 5 . 3 6 9  . 0 0 1  . 2 7 0  . 4 3 7 *  - . 2 2 0  

H A L L  - . 5 0 3 * * - . 1 7 4  - . 4 9 2 * * - . . 3 9 2  - . 2 2 8  . 0 6  2 - . 1 1 6  . 2 1 2  - . 1 4 4  - .  2 1 6  - .  3 1 9  
P H Y L  - . 3 2 1  . 2 4 2  - . 2 6 1  - .  2 2 7 - . 1 8 7  - . 0 3 8  . 1 6 1  . 0 3 7  - . 0 1 1  . 2 2 3 - . 2 0 8  

R B E E  . 8 1 1 * * - . 0 0 8  . 8 0  1 *  • . 7 0 7 * *  . 4 8 1 *  - .  3 0 2 - . 1 1 2  - .  2 0 9  - . 1 0 2  - . 2 4 7  . 7 6 7 * *  
KAMA . 3 5 3  . 3 5 0  . 4 3 6 *  . 4 8 7 *  . 2 8 1  . 1 5  7 . 0 5 4  - . 1 6 9  - . 0 1 4  . 0 9 3  . 1 8  2 
MAHO . 3 2 2  - . 0 3 5  . 5 3 7 * *  . 4 7 3 *  . 3 9 9 • . - .  1 5  2 . 0 1 7  - . 2 4 8  - . 0 9 0  - . 0 5 7  . 4 4 3 .  
T O R O  - . 2 9 5  - . 0 0 6  - . 5 9 3 * * - . 5 9 3 * * - . 2 3 8  . 3 3 8  . 1 1 0  . 2 9 8  . 1 5 4  . 2 1 3  - . 4 8 0 *  
P UT A  . 6 7 3 * * - . 0 1 7  . 6 5 0 * *  . 5 8 4 * *  . 3 9 0  - .  2 5 0  - . 0 0 3  - . 1 8  6 . 1 2  4 - .  0 7 4  . 6 6 7 * *  
AX I L  . 4 2 0 *  . 1 9 2  . 1 9 3  . 0 9 1  - . 0 9 6  . 2 0 2  . 0 7 8  - . 1 8 9  . 2 2 0  . 1 9 0  . 0 9 4  
C O LO - . 1 8 7  - . 4 5 1 *  - . 2 9 3  - . 2 8 9  . 1 0 9  - . 0 9 9  - . 0 8 2  . 2 3 6  - . 1 3 2  - . 2 4 6  - . 1 9 8  
T P" E R  . 2 6 5  . 0 0 7  . 5 0 8 * * . 2 8 6 . 0 7 8  - .  1 9  9 - . 0 5 9  - .  2 2 7  . 0 0 1  . 0 4 0  . 5 1  3 • •  

Shrubs 

P l a n t  
C o d e s  B i r d S p e c i e s  C o d " s  ( S c i e n t i f i c  n a m e s i n  t a b l e  2 .  1 ) 

WARB WH I T  FANT S I LV C H A F  R I F L  TOMT B E L L  T U I  P I G E  B LA C  

R I MU - .  1 4  2 . 2 4 1  - . 2 2 8  - . 2 4 3  - . 3 9 7 *  . 2 2 3 . 1 3 6  . 0 1 7  . 3 0 7  . 3 5 0  - . 2 5 6  
M I R O . 1 0 8  . 5 1 5 * *  . 0 2 8 - . 0 4 4  - .  3 4 2 . 1 0 2  . 2 7 0  - . 0 0 6  . 3 7 2  . 4 9 4 * * - . 0 2 9  
H A L L  - . 6 1 4 * * - . 0 1 0 - . 5 8 7 * * - . 4 5 4 *  - . 4 3 9 *  . 0 7 4  . 0 4 8  . 0 7 3  - . 0 2 8  - .  0 1 5  - . 4 6 9 *  
P H Y L  - .  2 7 0  . 2 7 5  - . 2 4 7  - . 1 7 5 - .  2 7 7  . 2 8 8  . 1 9 0  - . 0 4 5  . 2 0 0  . 3 3 9  - .  2 1 0  
R B E E  . 4 8 4 .  . 0 1 0 . 4 6 7 *  . 3 9 1  . 2 8 6  - . 2 1 5  . 0 4 4 - . 0 5 4  . 1 4 0  - . 0 5 7  . 5 0 1 * *  
KAMA . 3 8 0  - . 0 6 1  . 6 0 3 * *  . 6 3 7 * * . 6 0 8 * * - . 2 2 8  - . 2 9 8  - . 1 7 4  . 0 4 6  - .  1 2  6 . 2 8 1  
T O RO - .  0 7 3  . 3 5 7  - . 1 4 0  - . 1 0 5  - . 1 1 3  . 0 7 2  • 2 6 1  . 3 9 0  . 3 2 2  • 4 1 0 . . 0 4 3  
H I NA . 3 8 9 . 5 1 2  • •  . 3 5 4  . 3 1 8  - . 0 1 8  • 2 7 2 . 3 8 5  . 1 5 9  . 2 2 2  . 3 2 3 . 1 6 1  
P UTA . 5 1 4 * * - . 0 0 2  . 5 3 7 * *  . 4 9 4 * *  . 3 5 3  - . 2 1 4  - . 1 6 4  - . 1 7 1  - . 0 6 9  - . 1 4 3 . 2 6 2 
AX I L  . 4 6 1 .  . 3 0 5  . 4 6 4 .  . 3 5 8  . 1 1 5  . 1 3 2  . 1 6 1  - .  1 5 1  . 1 8 5  . 2 1 0  . 3 8 8  
C O LO - . 3 1 2  - . 4 6 8 * - . 3 5 9 - .  3 1 6 . 0 5 8  - . 2 5 2  - . 1 0 8  . 3 6 8 - . 1 4 6  - .  2 6 6  - . 1 9 2  
C F O E  - . 4 6 6 *  - .  0 7 7  - . 3 7 5  - . 3 0 1  - . 1 4 4  - . 1 3 9  . 0 9 1  . 4 0 4 .  . 1 3 2  - .  1 0 6  - . 2 3 0  
C P O L  - . 5 9 6 * * - . 1 9 2  - . 6 3 8 * * - . 5 8 6 * * - . 3 8 7  . 1 9 4  - . 0 8 4  . 0 4 7  - .  2 5 7  - .  1 2  7 - . 5 6 1 * *  
T F E R . 4 0 5 .  - .  0 5 4  . 3 3 7  . 1 9 7  . 0 8 7  . 0 2 7  . 0 6 3  - .  3 1 1  - . 0 2 5  . 0 3 5  . 3 4 9  

• T w o  t a i l e d t e s t  o f  s i g n i f i c a n c e  P c 0 . 0 1 , w i t h  4 0  d e g r e e s  o f  f r e e d o m . 
* *  T w o  t a i l e d t & s t  o f  s i 9 n i f i c a n c e  P < 0 . 0 9 1 , w i t h 4 0  d e g r e e s  o f  f r e @ d o m . 

P l a n t  s p e c i e s  s c i e n t i f i c  n a m e s  i n  t a b l e  1 . 1  
P" u 1 1  n a m e s  f o r  e a c h s t r u c t u r a l  v a r i a b l e  i n  a p p e n d i x 3 .  

S t a t i o n s  4 3  t h r o u g h 4 8  w e r e  e x c l u d e d  f r o m  t h e  a n a l y s e s . 
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APPENDIX 8 

Mean mon thly fi ve-mi nute b i rd coun ts 

M o n t h  ( f r o m  N o v e mb e r 1 9 8 2  = 1 l  

WARB WH I T  F ANT S I LV C H A f  P. I F L TOMT B E L L T U I  P I G E  B LA C  

M o n t h  

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  

0 .  7 4  
0 .  8 4 
0 . 4 6 
0 . 6 5  
1 .  0 3  
0 . 4 4 
0 . 1 9 
0 . 2 2 
0 . 6 0  
0 . 9 2 
0 . 9 1 
0 . 9 0 
1 .  0 6  
0 . 8 8 
0 . 6 0 
0 . 7 7 
1 .  0 6  
1 .  1 5  

0 . 7 1  0 . 1 5 
0 . 9 3  0 . 2 6 
0 . 7 3 0 . 1 3 
1 . 2 9  0 . 2 6 
0 . 7 3  0 . 2 4 
0 . 2 5 0 . 2 8 
0 . 4 3  0 . 1 8 
0 . 4 8  0 . 2 1  
0 . 8 1  0 . 1 3  
1 . 1 6 0 . 1 9  
0 .· 8 0  0 . 2 2  
1 . 1 7 0 . 1 3 
0 . 9 8  0 . 2 1 
0 . 9 6 0 . 1 7 
1 . 5 3 0 . 2 2  
1 . 2 9 0 . 2 5  
0 . 8 2  0 . 3 9  
0 . 6 5 0 . 3 1  

0 . 7 4  0 . 4 9 
0 . 8 1  0 . 5 2 
0 . 8 4 0 . 6 8  
0 . 8 5 0 . 8 4  
0 . 9 2 1 . 0 1 
1 . 2 1 1 . 0 7 
1 . 1 0 1 . 3 9  
0 . 8 2 0 . 9 8 
0 . 5 5 0 . 9 4 
0 . 5 9 - 0 . 9 0 

0 . 2 4 
0 . 1 9 
0 .  1 3  
0 .  1 6  
0 . 3 8 
0 . 1 6 
0 . 2 3 
0 . 1 9 
0 . 3 9 
0 . 2 4 

0 . 1 9  
0 . 4 1 
0 .  1 4  
1 .  1 4  
0 .  9 9 
0 .  8 6 
1 .  6 1  
1 . 1 9  
1 .  0 2 
0 .  3 8 
0 . 1 7 
0 . 5 3 
0 .  2 7 
0 . 1 0 
0 . 1 7 
0 . 8 9  
0 .  8 7 
1 .  7 2 
1 .  2 6  
1 .  0 4 
1 .  7 1  
0 . 7 3  
0 . 7 0 
0 .  6 9 
0 . 3 4 
0 .  2 6 
0 . 7 6 
1 . 0 2 

0 . 3 0 
0 . 4 8 
0 . " 2  5 
0 . 0 8 
0 . 0 5  
0 . 0 1 
0 .  0 3 
0 .  0 2 
0 .  0 3 
0 .  0 2 
0 . 0 8  
0 . 2 6 
0 . 3 9 
0 . 4 9 
0 . 2 6 
0 . 0 7 
0 . 0 6 
0 . 1 3 
0 . 1 6 
0 . 1 0 
0 . 0 9 
0 . 0 7 
0 . 0 4 
0 . 1 0  
0 . 5 2 
0 . 3 7 
0 . 1 9 
0 . 1 4 

0 . 2 5 
0 .  3 8 
0 . 3 3 
0 .  6 5 
0 .  5 2  
0 .  3 5 
0 . 3 0 
0 .  4 6 
0 .  3 8 
0 . 4 1 
0 . 2 8 
0 . 2 1 
0 . 2 2 
0 . 4 3 
0 . 4 2 
0 . 5 1 
0 . 3 9  
0 .  3 5 
0 .  2 4 

0 .  2 7 
0 .  3 3 
0 . 3 1  
0 .  2 2 
0 .  2 1  
0 .  2 6 
0 .  3 1  
0 .  6 3 
0 .  5 6  

0 . 4 5  
0 . 7 7  
0 . 6 3  
0 . 3 9  
0 . 4 7  
0 . 5 3 
0 . 4 0  
0 . 4 4 
0 .  4 8 
0 .  5 7  
0 .  5 4  
0 .  5 6  
0 . 9 2  
0 . 7 4  
0 . 6 3  
0 . 2 7 
0 .  6 3 
0 .  6 7 
0 . 4 0  
0 . 3 5  
0 . 5 6 
0 . 6 3  
0 . 6 0  
0 . 5 6 
l .  o s  
0 . 7 5 
0 . 4 4 
0 . 4 2  

0 .  0 1  
0 .  0 3 
0 .  1 9  
0 . 0 3 
0 .  0 2 
0 .  2 4  
0 . 2 3 
0 .  1 1  
0 .  0 3 
0 . 2 7 
0 .  1 5  
0 .  2 0 
0 .  1 2  
0 . 1 7 
0 .  2 8 
0 . 1 5  
0 . 2 9  
0 .  6 5 
0 .  4 7  
0 .  3 8 
0 .  1 6  
0 . 1 2 
0 .  2 6 
0 . 1 3 
0 . 1 3 
0 .  1 6  
0 . 1 3 
0 . 2 6 

0 . 0 1 0 . 0 4  
0 . 0 3  0 . 0 0 
0 . 0 0 0 . 0 1  
0 . 0 4 0 . 0 4  
0 . 0 9  0 . 0 4 
0 . 0 7 0 . 0 0  
0 . 0 3 0 . 0 2  
0 . 0 5 0 . 0 6 
0 . 0 3  0 . 0 5  
0 . 0 2 0 . 0 6  
0 . 0 5 0 . 0 2  
0 . 0 1 0 . 0 3  
0 . 0 2 0 . 0 2 
0 . 0 6 0 . 0 0  
0 . 0 2  0 . 0 1  
0 . 0 4  0 . 0 4 
0 . 0 7  0 . 0 8  
0 . 0 6 0 . 0 8  
0 . 0 3  0 . 0 5  
0 . 0 7 0 . 0 5  
0 . 1 1 0 . 0 6  
0 . 0 4 0 . 0 4  
0 . 0 5  0 .- 0 2  
0 . 0 1 · 0 . 0 2  
0 . 0 1  0 . 0 1  
0 . 0 4 0 . 0 0  
0 . 0 4 0 . 0 3  
0 . 0 8 0 . 0 1 

OUNN S H I N  P I P I LTCU F A L C  MAGP PARA T H R U  O t h � r  U F O  
M o n t h  

1 0 . 0 6 0 . 0 1  0 . 0 0 
0 . 0 6 0 . 0 6 0 . 0 6 
0 . 0 8 0 . 0 6 0 .. 0 2  

4 0 . 0 2 0 . 0 1 0 . 0 2  

5 0 . 0 0 0 . 0 0 0 . 0 2 

6 0 . 0 1 0 . 0 1  0 . 0 1 

7 0 . 0 1  0 . 0 0 0 . 0 1 

8 0 . 0 3 0 . 0 0 0 . 0 1  
9 0 . � 1  0 . 0 0 0 . 0 0 

1 0  0 . 0 2 0 . 0 0 0 . 0 0 
1 1  0 . 0 1 0 . 0 0  0 . 0 0 

1 2  0 . 0 9  0 . 0 2 0 . 0 1 
1 3  0 . 0 9 0 . 0 3  0 . 0 1 
1 4  0 . 0 8 0 . 0 3 0 . 0 0 
1 5  0 . 0 6 0 . 0 3  0 . 0 0 
1 6  0 . 0 3  0 . 0 1  0 . 0 0 

1 7  0 . 0 2  0 . 0 0 0 . 0 0 
1 8  0 . 0 3  0 . 0 0  0 . 0 0 

1 9  0 . 0 0  0 . 0 0  0 . 0 0 

2 0  0 . 0 0  0 . 0 0  0 . 0 0 

2 1  0 . 0 0  0 . 0 0  0 . 0 0 

2 2  0 . 0 2  0 . 0 0  0 . 0 0 

2 3  0 . 0 5 0 . 0 0 0 . 0 0 

2 4 0 . 1 3  0 . 0 3. 0 . 0 1 

2 5  0 . 1 3  0 . 1 1  0 . 0 0 

2 6  0 . 0 8 0 . 0 3  0 . 0 0 

2 7  0 . 0 4 0 . 0 0  0 . 0 0 

2 8  0 . 1 9 0 . 0 0  0 . 0 0 

0 . 0 9  0 . 0 0  
0 . 0 4  0 . 0 1 
0 . 0 8  0 . 0 3 
0 . 0 4  0 . 0 7  
0 . 0 0 0 . 0 3  
0 . 0 0  0 . 0 1  
0 . 0 0  0 . 0 2  
0 . 0 0  0 . 0 4 
0 . 0 0 0 . 0 1  
0 . 0 0 0 . 0 2  
0 . 0 0 0 . 0 0  
0 . 0 0 0 . 0 2 
0 . 0 0  0 . 0 0 
0 . 0 1 0 . 0 0 
0 . 0 3  0 . 0 2 
0 . 0 2  0 . 0 3 
0 . 0 0 0 . 0 5 
0 . 0 0 0 . 0 3 
0 . 0 0  0 . 0 4 
0 . 0 0 0 . 0 2  
0 . 0 0 0 . 0 1 
0 . 0 0 0 . 0 1 
0 . 0 0 0 . 0 0  
0 . 0 0 0 . 0 1 
0 . 0 2 0 . 0 2  
0 . 0 2  0 . 0 2 
0 . 0 4 0 . 0 1 
0 . 0 1 0 . 0 4 

0 . 0 1  0 . 0 0  
0 . 0 0 0 . 0 0  
0 . 0 1  0 . 0 0 
0 . 0 5 0 . 0 0  
0 . 0 2 0 . 0 0  
0 . 0 3 0 . 0 0  
0 . 0 0  0 . 0 0  
0 . 0 1 0 . 0 2  
0 . 0 1 0 . 0 1  
0 . 0 0 0 . 0 1  
o . 0 4 · o . o o  
0 . 0 1 0 . 0 0  
0 . 0 0 0 . 0 0  
0 . 0 0 0 . 0 1  
0 . 0 1 0 . 0 4  
0 . 0 1  0 . 0 4 
0 . 0 0 0 . 0 3 
0 . 0 0 0 . 0 1  
0 . 0 0 0 . 0 2 
0 . 0 0 0 . 0 0  
0 . 0 0 0 . 0 0 
0 . 0 1 0 . 0 1  
0 . 0 1 0 . 0 1  
0 . 0 1 0 . 0 0  
0 . 0 1 0 . 0 1 
0 . 0 1 0 . 0 0  
0 . 0 1 0 . 0 0  
0 . 0 4 0 . 0 0  

B i r d  s p e c i e s  s c i e n t i f i c  n a m e s  i n  t a b l e  2 . 2 .  

0 .  0 0  
0 .  0 1  
0 .  0 1  
0 .  0 0 
0 . 0 0  
0 .  0 0 
0 . 0 0 
0 .  0 0 
0 . 0 0  
0 .  0 0 
0 . 0 1  
0 . 0 0 
0 . 0 1  
0 . 0 1 
0 .  0 1  
0 . 0 1  
0 . 0 0 
0 . 0 1  
0 . 0 0 
0 . 0 0 
0 . 0 2  
0 . 0 2 
0 .  0 1  
0 .  0 1  
0 . 0 0 
0 . 0 2 
0 . 0 3 
0 . 0 0 

0 .  0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 .  0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 1 
0 . 0 0 
0 . 0 1 
0 . 0 1 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 0 
0 . 0 2 
0 . 0 1  
0 . 0 4  
0 . 0 8  
0 . 0 1 
0 . 0 1 

0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 1  
0 . 0 0  
0 .. 0 1 
0 .  0 1  
0 . 0 4  
0 . 0 0  
0 . 0 1  
0 . 0 0 
0 . 0 1  
0 . 0 0 
0 . 0 1  
0 . 0 0  
0 . 0 1 
0 . 0 3 
0 . 0 0 
0 . 0 1 
0 . 0 1 
0 . 0 1 
0 . 0 0 
0 .  0 c 
0 . 0 1  
0 . 0 4 
0 . 0 2  
0 . 0 2  
0 . 0 1  

0 .  4 1  
0 .  5 3  
0 .  1 7  
0 .  0 2 
0 .  0 4 
0 . 0 7  
0 .  0 6 
0 . 0 2  
0 . 0 4  
0 . 0 5  
0 . 1 4 
0 .  2 8 
0 .  6 4 
0 .  6 4 
0 .  2 2 
0 . 0 4  
0 .  0 8 
0 . 0 6 
0 .  0 6 
0 . 0 2 
0 .  0 4 
0 . 0 4 
0 .  0 6 
0 .  3 4 
0 . 7 3  
0 .  5 3  
0 .  1 8  
0 .  0 7 



APPENDIX 9 

Percent of  each class of  behavi our observed 

B i rd code ( sc i en t i f i c  names in t able 2 . 2 )  

"W'ARB VHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE 
Behaviour 

Feed 8 7 . 5  81 . 4  1 3 . 5  86 . 1  37 . 8  83 . 1  1 3 . 1  5 7 . 0  46 . 1  26 . 8  
Perch 3 . 5  1 . 0  55 . 4  4 . 5  24 . 4  1 . 5  59 . 1  15 . 6  1 7 . 5  70 . 9  
S i ng 7 . 3  15 . 9  2 6 . 3  7 . 6  34 . 4  1 3 . 6  23 . 6  25 . 0  27 . 3  . 3 
Preen . 6  1 . 0  2 . 3  1 . 4  1 . 1  . 9 2 . 8  . 8  9 . 1  1 . 9 
Court  . 5  . 1  . 2 . o  . o  . 1  . 5  . o  . o  . o  
Fly . 2 . o  1 . 2  . 3 . o  . 0  . 1  . 8  . o  . 1  
Aggress . 5  . 5  1 . 1  . o  2 . 2  . 7  . 9 . 8  . o  . o  

TOTAL 1 7 74 2278 1 061  288  90 2064 1057 1 28 143  691  

Canopy S t a t ion Observa t i ons 

. VARB VHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE 
Behaviou r  

Feed 8 3 . 0  54 . 8  2 2 . 0  80 . 2  3 . 0  68 . 5  3 . 2  22 . 7  39 . 1  1 7 . 4  
Perch 2 . 6  . 6 45 . 1  9 . 3  15 . 2  3 . 2  59 . 2  36 . 4  29 . 1 77 . 0  
S i ng 6 . 3  44 . 6  30 . 6  10 . 5  8 1 . 8  27 . 5  3 2 . 8  31 . 8  29 . 1  . o  
Preen 7 . 3  . o  . 0  . o  . o  . 5  4 . 8  9 . 1  2 . 0  5 . 7  
Cour t . 3 . o  . 6  . o  . o  . 5 . o  . o  . o  . o  
Aggress . 5  . o  1 . 7  . o  . o  . o  . o  . o  . 7 . 0  

TOTAL 383 531  346 86 33 2 22 125  22  1 5 1  2 30 

1 6 1  

BLAC 

8 2 . 4  
14 . 9  

1 . 4  
1 . 4 

. o  

. 0  

. 0  

7 4  



Subs t ra t e  

Ground 

1 6 2  

APPENDIX 10  

Percen t foraging use o f  subs trates  

Ground observa t i ons 
B i rd code ( sc i en t i f ic  names in  table 2 . 2 )  

VARB VHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 

. 4  . o  1 . 4  . o  2 . 9  . 2  37 . 7  . o  . o  . 0  1 00 
Twig . 2 1 . 5  50 . 2  3 . 5  2 1 . 4  1 1 . 8  1 1 . 9  1 8 . 1 1 1 . 0  1 . 5  . o  . o  
s .  branch 4 . 4  22 . 3  3 . 5  10 . 5  1 7 . 6  1 8 . 4  6 . 5  39 . 7  1 0 . 6  . o  . o  
L .  branch 1 .  4 15 . 9  1 . 4  4 . 8  1 7 . 6  3 3 . 6  15 . 2  1 7 . 8  36 . 4  . o  . o  
Limb . 1  1 . 5  . 7  . o  . o  1 0 . 1  . o  . o  3 . 0  . o  . o  
T runk . 1  2 . 5  3 . 5  . 4  5 . 9  24 . 3  18 . 1  4 . 1  . o  . o  . o  
Foliage 7 2 . 2  7 . 6  7 . 7  57 . 7  44 . 1  1 . 5  4 . 3  23 . 3  1 . 5  . o  . o  
Flower . o  . o  . o  . 4  . o  . o  . o  4 . 1  47 . 0  . 0  . o  
Fru i t  . o  . o  . o  4 . 8  . o  . o  . o  . o  . o  100 . o  
A i r  . o  . o  78 . 3  . o  . o  . o  . o  . o  . o  . o  . o  

TOTAL 1552  1854 143 248 34 1 7 15 1 38 73 6 6  185 6 1  

Canopy observat i ons 
B i rd code ( sc i en t i f i c  names in table 2 . 2 )  

VARB VHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE 
Subs t ra t e.  

Ground . o  . o  . o  . o  . o  . o  25 . 0  . o  . o  . o  
Twig 27 . 7  49 . 5  . o  15 . 9  . o  4 . 6  . o  20 . 0  . o  . o  

s .  branch 1 2 . 9  30 . 9  . o  4 . 3  100 1 9 . 7  . o  40 . 0  6 . 8  . o  
L .  branch . 9  7 . 2 . o  . o  . o  3 7 . 5  . o  . o  1 . 7  . o  
Limb . o  . 3 . o  . o  . o  1 9 . 7  25 . 0  . o  . o  . o  
Trunk . o  . o  . o  . o  . o  1 8 . 4  . o  . o  . o  . o  
Fol i age 58 . 2  12 . 0  . o  20 . 3  . o  . 0  50 . 0  40 . 0  . o  . o  
Flower . o  . o  . o  53 . 6  . 0  . o  . o  . o  9 1 . 5  . o  

Frui t . o  . o  . o  . o  . o  . o  . o  . o  . o  9 7 . 5  
A i r  . 3 . o  100 5 . 8  . o  . 0  . o  . o  . o  2 . 5  

TOTAL 3 1 8  2 9 1  7 6  6 9  1 152 4 5 5 9  40 
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APPENDIX 1 1  

Percen t foragi ng use of  t ree species 

Ground observa t i ons 
B i rd code ( s c i en t i f i c  names in table 2 . 2 )  

YARB YHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
T ree  code 

Ai r . o  . o  78 . 3  . o  . o  . o  . o  . o  . o  . o  
G round . 5  . 1  1 . 4  . o  2 . 9  . 2  37 . 7  . o  . o  . o  
RIMU 1 . 3  1 2 . 2  . 7 2 . 8  . o  3 . 3  . o  1 . 4  10 . 6  . o  
MIRO 7 . 0  1 2 . 0  1 . 4  . 4  2 3 . 5  4 . 8  2 . 9  . o  1 . 5  9 9 . 5  
HALL 1 . 2  . 4  . o  . o  . o  1 . 3  1 . 4  . o  . o  . o  
PHYL 1 . 0  2 . 5  . o  1 . 2  . o  . 5  2 . 9  1 . 4 . o  . o  
RBEE 1 6 . 6  1 9 . 6  7 . 0 6 1 . 7  20 . 6  8 . 0  7 . 2  43 . 8  . o  . o  
RATA . 3 . 1  . o . 4  . o  . 5  . o  4 . 1  47 . 0* . o  
KAMA 44 . 1  42 . 3  8 . 4  10 . 1  3 2 . 4  6 3 . 5  32 . 6  46 . 6  39 . 4  . o  
MAHO 1 . 5  1 . 6  . o  1 . 6  8 . 8  2 . 7  . o  1 . 4  . o  . o  
TORO 1 6 . 4  7 . 2  . 0  7 . 7  . o  9 . 7  8 . 0  1 . 4  1 . 5  . o  
BRDL 1 . 2  . 4  . o  6 . 0  . o  1 . 1  . 0 . o  . o  . o  
HINA . 3 . 2 . o  . o  . o  . 4  . 0 . o  . o  . o  
PUTA . 8  . 3 . o  . o  . 0  . 1  . 0 . o  . o  . o  
AXIL 1 . 9  . 2 . o  . 4  . o  1 . 0  2 . 9  . o  . o  . o  
CFOE . 3  . o  . o  . o  . o  . o  . o  . o  . o  . o  
CPOL . 2  . o  . 0  2 . 0  . o  . o  . o  . o  . o  . o  
OLEC . o  . o  . 0  . 4  1 1 . 8  . o  . o  . o  . o  . o  
TFER 2 . 0  . 2 2 . 8  . o  . o  1 . 0  3 . 6 . o  . o  . 0  
O thers 3 . 7  . 8  . o  5 . 2  . o  1 . 7  . 7  . o  . o  . 5  

TOTAL 1552 1854 143 248  34 1 7 15 138  73  66  185 

* = Nor thern r a t a  ( Me t ros i d e ros robus t a )  

Canopy observa t i ons 

YARB YHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE 
T ree code 

A i r  . 3 . o  100 5 . 8  . o  . o  . o  . o  . o  2 . 5  
A i r  . o  . o  . o  . 0  . o  . o  25 . 0  . o  . 0  . 0  
RIMU 30 . 8  7 0 . 4  . o  33 . 3  100 1 4 . 5  50 . 0  40 . 0  6 . 8  . o  

MIRO 34 . 6  1 2 . 7  . o  . o  . o  2 8 . 3  25 . 0  . o  1 . 7 97 . 5  
RBEE 5 . 3  4 . 5  . o  . o  . o  . o  . o  . o  . o  . o  
NR.l\T * . 6 . 7 . o  55 . 1  . 0  . o  . o  . o  9 1 . 5  . o  
KAMA 26 . 7  1 1 . 3  . o  4 . 3  . o  5 2 . 0  . o  60 . 0  . o  . o  
TORO . 3 . 3  . o  1 . 4  . o  . o  . o  . o  . o  . o  
HINA 1 . 3  . o  . o  . o  . o  5 . 3  . o  . o  . o  . o  

TOTAL 3 1 8  2 9 1  7 6  6 9  1 152  4 5 59  40 
NRAT = Nor thern rata  ( M e t ros i deros robus t a )  
Tree s pe c i es s c i en t i f i c  names i n  t able 1 . 1  

. o  
100 

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. 0  

. 0  

. o  

. o  

. 0  

. o  

. o  

6 1  
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APPENDIX 12  

Percent f oragin� use o f  hei�ht classes 

Ground observ a t i ons 
B i rd code ( sc ien t i fi c  names in t able 2 . 2 ) 

\/ARB \/HIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
Foraging 
heigh t  class 

( m )  
. oo 

2 . 00 
4 . 00 
6 . 00 
8 . 00 
10 . 00 
1 2 . 00 
14 . 00 
1 6 . 00 
1 8 . 00 
20 . 00 
2 2 . 00 
24 . 00 
26 . 00 
28 . 00 
30 . 00 
3 2 . 00+ 

TOTAL 

. 00 
2 . 00 
4 . 00 
.6 . 00 
8 . 00 
10 . 00 
1 2 . 00 
14 . 00 
1 6 . 00 
1 8 . 00 
20 . 00 
2 2 . 00 
24 . 00 
2 6 . 00 
28 . 00 
30 . 00 
32 . 00+ 

TOTAL 

. 5  . o  1 . 4  . o  2 . 9  . 2  38 . 4  . o  . o  . 0  
9 . 7  1 . 2  8 . 4  8 . 9  1 1 . 8  3 . 4  16 . 7 . 2 . 7  . o  . o  

2 1 . 6  6 . 4  1 6 . 8  6 . 5  8 . 8  1 6 . 6  20 . 3  8 . 2  . 0  . 5  
2 2 . 0  14 . 7  1 8 . 9  1 1 . 7  8 . 8  27 . 2  15 . 2  6 . 8  . o  . o  

1 8 . 8  22 . 1  1 2 . 6  15 . 7  14 . 7  24 . 8  4 . 3  26 . 0  9 . 1  . o  

1 2 . 0  13 . 0  9 . 1 12 . 1  1 1 . 8  14 . 3  2 . 2  1 7 . 8  16 . 7  . 0  
6 . 7  9 . 5  6 . 3  7 . 7  35 . 3  6 . 3  2 . 2  5 . 5  16 . 7  3 . 2  
4 . 1  8 . 7  7 . 0  1 1 . 3  . o  4 . 8  . o  2 . 7  1 . 5  1 7 . 8  
2 . 8  9 . 7  7 . 7 1 1 . 7  5 . 9  1 . 3  . 7  . o  . o  3 7 . 8  

. 8  8 . 1  4 . 2  6 . 9  . o  . 6  . o  5 . 5  9 . 1 1 8 . 4  

. 6  2 . 8  2 . 8  4 . 4  . o  . 1  . o  1 7 . 8  . o  2 . 2  

. 5  1 . 8  1 . 4  3 . 2  . o  . 4  . o  6 . 8  . o  1 0 . 3  

. 1  1 . 0  2 . 1  . 0  . 0  . 0  . o  . o  . o  1 . 6  

. o  . 6  1 . 4  . o  . o  . o  . o  . o  . o  3 . 8  

. o  . 3 . o  . o  . 0  . 0  . o  . o  . o  4 . 3  

. o  . 2 . o  . o  . o  . o  . o  . o  10 . 6  . o  

. o  . o  . o  . o  . o  . o  . o  . o  36 . 4  . o  

1552 1854 143 248 34 1 7 1 5  1 3 8  7 3  6 6  185  

Canopy observat i ons 

\/ARB VHIT 

. 0  . o  

. o  . 3 

. o  . 3 

. 6  . o  

2 . 5  . 7 
9 . 4  5 . 2  

23 . 3  6 . 5  
27 . 4  1 7 . 9  
23 . 3  29 . 6  

3 . 1  14 . 4  
7 . 2  14 . 1  
1 . 6  

. 9  

. o  

. o  

. 6 

. o  

3 18 

5 . 8  
r:; ., ..J o <.  

. o  

. o  

. o  

. o  

29 1  

FANT 

. 0  

. o  

. 0  

. 0  

. 0  
2 . 6  
3 . 9  

15 . 8  
19 . 7  
14 . 5  

9 . 2  
14 . 5  
1 7 . 1  

2 . 6  
. o  

. o  

. 0  

76  

SILV CHAF RIFL TOMT BELL TUI PIGE 

. o  . o  . o  25 . 0  . o  . o  . o  

. o  . o  . o  . o  . o  . o  . ·o 

. o  . o  . o  . o  . o  . o  . 0  

. o  . o  2 . 6  . 0  . o  . o  . o  

. o  . 0 1 1 . 2  . o  . o  . o  . o  

4 . 3 . o  20 . 4  . o  . o  . o  . o  

1 . 4  . o  27 . 6  . o  . o  1 0 . 2  25 . 0  
5 . 8  . o  30 . 3  25 . 0  60 . 0  3 . 4  60 . 0  

1 1 . 6  . o  6 . 6  25 . 0  . o  8 . 5 1 2 . 5  
10 . 1  100 1 . 3  . o  . o  . o  . o  

5 . 8  . o  . o  25 . 0  40 . 0  . o  . 0  
5 . 8  . o  . o  . o  . o  . o  . o  

20 . 3  . o  . 0  . 0  . o  . o  . o  

11 . 6  . 0  . 0  . o  . o  8 . 5  . o  

8 . 7  . o  . o  . o  . o  44 . 1  . o  
14 . 5  . o  . o  . o  . o  2 5 . 4  . 0  

: 0  . o  . o  . o  . o  . o  2 . 5  

69  1 152 4 5 59  40 

1 00 
. o  

. o  

. 0  

. o  

. o  

; 0  
. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

. o  

6 1  
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APPENDIX 13  

Seasonal foragi ng use o f  subs tra tes <eercent ) 
(Ground observat i ons ) 

Summe r 

B i rd code ( s c i en t i f i c  names i n  table 2 . 2 ) 

\JARB \JHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
Subs t r a t e  

G round . 3  . o  2 . 4  . o  . o  . 1  19 . 2  . o . o  . o  1 00 
Twig 2 8 . 0  5 1 . 3  1 1 . 9  27 . 8  20 . 0  15 . 0  26 . 0  . o  . o  . o  . o  

s .  branch 3 . 3  20 . 0  9 . 5  5 . 6  40 . 0  18 . 5  1 1 . 0  . 0 . o  . o  . o  

L .  branch 1 . 9  1 7 . 0  2 . 4  5 . 6  . 0  35 . 2  1 9 . 2  . o  . 0  . o  . o  

Limb . o  1 . 0  . o  . o  . o  8 . 7  . o  . o  . o  . o  . o  

Trunk . o  1 . 4  2 . 4  . o  10 . 0  2 1 . 2  20 . 5  . o  . o  . o  . o  
Fol iage 6 6 . 5  9 . 2  1 1 . 9  55 . 6  30 . 0  1 . 3  4 . 1  . o  . o  . o  . o  

Flower . o  . o  . o  5 . 6  . o  . o  . o  . o  100  . o  . o  
Frui t . o  . o  . o  . o  . o  . o  . o  . o  . o  1 00 . o  

Air  . o  . o  59 . 5  . 0  . o  . o  . o  . o  . o  . o  . 0  

To tal 361  575 42 1 8  10 7 7 3  7 3  0 3 1  3 2 7  

Au tumn 

B i rd code ( sc i en t i f i c  names i n  table 2 . 2 )  

\JARB \JHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
Subs t ra t e  

Ground . 3 . o  2 . 1  . o  . o  . 5  5 2 . 6  . o  . o  . o  100 
Twig 1 9 . 2  47 . 4  . o  38 . 9  . o  8 . 4  10 . 5  14 . 3  . o  . o  . o  

s .  branch 2 . 8  2 1 . 3  . o  13 . 9  . o  17 . 5  2 . 6  52 . 4  . o  . o  . o  
L .  branch 1 . 7  15 . 6  2 . 1  . 0  . o  37 . 6  10 . 5  4 . 8  . o  . 0  . 0  
Limb . 0  1 . 8  2 . 1  . o  . o  9 . 4  . o  . o  . o  . o  . o  

Trunk . o  1 . 6  4 . 2  . o  . o  23 . 5  18 . 4  14 . 3  . o  . o  . 0  
Foliage 7 5 . 9  1 2 . 4  10 . 4  47 . 2  . o  3 . 1  5 . 3  . o  . o  . o  . o  

Flower . o  . o  . 0  . o  . o  . o  . o  14 . 3  . 0  . o  . o  
Frui t . o  . o  . 0  . o  . o  . 0  . o  . o  . o  1 00 . o  

Ai r . o  . o  7 9 . 2  . o  . o  . o  . o  . o  . o  . o  . o  

To tal 572  508 48 36  0 417  38  2 1  0 26  1 7  



166  

Append i x  13  con t i nued 

'\.l i n t  er  

B i rd code ( sc ien t i f i c  names i n  t able 2 . 2 ) · 

'IJARB 'IJHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
Subs t r a te 

G round . 8  . o  . o  . o  . o  . 0 8 1 . 3  . o  . o  . o  100 
Twi g  1 7 . 0  52 . 5  . o  20 . 0  . o  7 . 9  . o  1 2 . 0  3 . 6  . o  . o  
s .  branch 4 . 3  2 2 . 6  4 . 2  7 . 1  . o  17 . 6  . o  2 8 . 0  10 . 7  . 0  . o  
L .  branch . 5  1 6 . 6  . o  6 . 4  . o  34 . 5  18 . 8  3 2 . 0  7 8 . 6  . o  . o  
L i mb . o  1 . 5  . o  . o  . o  15 . 2  . o  . o  7 . 1 . o  . o  
T runk . 3 3 . 3  . 0  . 7 . 0  24 . 8  . o  . o  . 0  . 0  . o  
F o l i age 7 7 . 1  3 . 5  . 0 61 . 4  . o  . o  . o  28 . 0  . o  . o  . o  
Flower . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  
Frui t . o  . o  . o  4 . 3  . o  . o  . o  . o  . o  1 00 . o  
A i r  . o  . o  95 . 8  . o  . o  . o  . o  . o  . o  . o  . o  

To t al 37 1  5 1 8  24 140 0 290 16 25 2 8  1 00 7 

Spr i ng 

B i rd code ( sc i en t i f i c  names i n  t able 2 . 2 ) 

'IJARB 'IJHIT FANT SILV CHAF RIFL TOMT BELL T UI PIGE BLAC 
Subs t ra t e  

Ground . o  . o  . o  . o  4 . 2  . 4  45 . 5  . o  . o  . o  100 
Twig 23 . 8  48 . 6  . o  11 . 1 8 . 3  13 . 1  18 . 2  7 . 4  . o  . o  . o  
s .  branch 10 . 1  2 9 . 2  . o  18 . 5  8 . 3  20 . 3  . o  40 . 7  57 . 1  . o  . o  
L .  branch 1 . 2  1 2 . 6  .' 0  3 . 7  25 . 0  19 . 9  . o  14 . 8  28 . 6  . o  . o  
Limb . 4  1 . 6  . o  . o  . o  9 . 7  . o  . o  . o  . 0  . o  
Trunk . o  5 . 5  6 . 9  . o  4 . 2  35 . 2  2 7 . 3  . o  . o  . o  . o  
Fol i age 64 . 5  2 . 4  3 . 4  55 . 6  50 . 0  1 . 3  9 . 1 37 . 0  1 4 . 3  . o  . o  
Flower . o  . 0  . o  . o  . o  . o  . o  . o  . o  . o  . o  
F ru i t . o  . o  . o  1 1 . 1  . o  . 0  . o  . o  . o  100 . o  
A i r  . o  . o  8 9 . 7  . o  . 0  . o  . o  . o  . o  . o  . o  

To t al 248 253 29 54 24 236  1 1  2 7  7 56 10 
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APPENDIX 14 
Seasonal fora�in� use of  t ree species  (Eercen t )  

( Ground observa t i ons only ) 

Summer 
B i rd code ( scien t i f i c  names in table 2 . 2 ) · 

TJARB TJHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
Tree code 
Air  . o  . o  59 . 5  . o  . o  . o  . o  . o  . o  . o  . o  
Ground . 3  . o  2 . 4  . o  . o  . 1  1 9 . 2  . o  . o  . o  100 
RIMU . 3 14 . 1  2 . 4  22 . 2  . o  2 . 5  . o  . o  . o  . o  . o  
MIRO 7 . 5  14 . 4  4 . 8  . o  . o  3 . 8  2 . 7  . o  . o  100 . o  

HALL 1 . 1  . 0  . o  . o  . o  1 . 2  1 . 4  . o  . o  . o  . o  
PHYL . 8  . 3 . o  . 0  . o  . 5  5 . 5  . o  . o  . o  . o  
RBEE 1 1 . 6  1 3 . 9  1 6 . 7  44 . 4  20 . 0  6 . 7  1 1 . 0  . o  . o  . o  . o  
RATA . o  . 3  . o  . o  . o  . 8  . o  . o  100* . o  . o  
KAMA 47 . 4  40 . 9  1 1 . 9  22 . 2  50 . 0  62 . 5  42 . 5  . o  . o  . o  . o  
MAHO 3 . 0  3 . 1  . o  11 . 1  30 . 0  4 . 4  . o  . o  . o  . o  . o  
TORO 1 8 . 0  10 . 3  . 0  . o  . o  12 . 4  8 . 2  . o  . o  . o  . o  
BRDL 2 . 2  . 9 . o  . 0  . 0  1 . 6  . o  . o  . o  . o  . o  
HINA . o  . 2 . o  . o  . o  . 3 . o  . o  . o  . o  . o  
PUTA 2 . 8  . o  . o  . o  . o  . 0  . o  . o  . o  . 0  . 0  
AXIL . 8  . 3 . o  . o  . o  1 . 2  4 . 1  . o  . o  . o  . o  
CPOL . 3 . o  . 0  . o  . o  . o  . o  . o  . o  . o  . o  
TFER 2 . 5  . 2 . o  . 0  . o  . 8  4 . 1  . o  . o  . o  . o  

O ther 1 . 4  . 9 . o  . o  . o  1 . 4  1 . 4  . o  . 0  . o  . o  

To t al 3 6 1  575 42 18  10 7 7 3  7 3  0 3 1  3 2 7  

Au t umn 
TJARB TJHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 

Tree code 
Ai r . o  . o  7 9 . 2  . 0  . o  . o  . o  . o  . 0  . 0  . o  
Ground . 3  . o  2 . 1  . 0  . o  . 5  52 . 6  . o  . 0  . 0  100 
RIMU . 9  12 . 4  . o  8 . 3  . o  3 . 8  . o  4 . 8  . o  . o  . o  
MIRO 7 . 3  15 . 7  . o  . 0  . o  4 . 6  . o  . o  . o  1 00 . o  
HALL 2 . 1  . 6 . 0  . o  . o  2 . 4  2 . 6  . o  . o  . o  . 0  
PHYL . 5  4 . 3  . o  2 . 8  . 0  . 5  . o  . o  . o  . o  . o  
RBEE 10 . 5  22 . 2  . o  8 . 3  . o  10 . 8  2 . 6  9 . 5  . o  . o  . o  

RATA . 5  . o  . o  . 0  . o  . 2 . o  14 . 3  . o  . 0  . o  
KAMA 45 . 3  34 . 1  12 . 5  11 . 1  . o  62 . 4  23 . 7  66 . 7  . o  . o  . o  
MAHO 1 . 6  1 . 0  . o  5 . 6  . o  . 5 . o  4 . 8  . o  . o  . o  
TORO 2 1 . 2  7 . 1  . 0 41 . 7  . o  8 . 9  1 3 . 2  . o  . o  . o  . o  
BRDL . 7 . 2 . o  5 . 6  . o  . 2  . o  . 0  . o  . o  . o  
HINA . 3  . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  
PUTA . 3 . 2 . o  . o  . o  . 2 . o  . o  . o  . o  . o  
AXIL 2 . 8  . o  . o  . 0  . 0  . 2  . o  . o  . o  . o  . o  

CFOE . 3  . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  
TFER 1 . 2  . 4  8 . 3  . o  . o  2 . 4  5 . 3  . o  . o  . o  . o  
O ther 3 . 8  1 . 8  . 0  16 . 7  . o  2 . 4  . o  . o  . o  . o  . o  

To t al 5 7 2  508 48 36 0 4 1 7  38 2 1  0 26  17  
Tree speci es codes as in  table 1 . 1  * Me t ros ideros  robus t a 
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Append i x  14  con t i nued 

Win ter  
B i rd code ( s c i en t i f i c  names in  table 2 . 2 ) 

W ARB WHIT F ANT SILV CHAF RIFL TOMT BELL TU! PIGE BLAC 
Tree code 
A i r  . o  . o  95 . 8  . 0  . o  . o  . o  . o  . o  . 0  . o  
Ground . 8  . o  . 0  . 0  . o  . 0 81 . 3  . o  . o  . o  1 00 
RIMU 2 . 7  1 1 . 8  . 0  . 0  . 0  5 . 5  . o  . o  7 .  1 . o  . o  
MIRO 7 . 5 6 . 2  . o  . o  . o  8 . 3  . o  . o  . o  100 . o  
HALL . 3  . 8  . 0  . o  . o  . o  . o  . o  . o  . o  . 0  
PHYL 1 . 3  3 . 1  . o  1 . 4  . 0  . 3 . o  . o  . o  . o  . o  
RBEE 28 . 3  2 1 . 0  4 . 2  74 . 3  . o  7 . 2  . o  32 . 0  . o  . o  . o  
RATA . 3 . o  . o  . 7 . o  . o  . o  . o  . o  . o  . o  
KAMA 34 . 5  48 . 6  . o  10 . 0  . o  67 . 6  18 . 8  64 . 0  89 . 3  . o  . 0  
MAHO . 8  1 . 2  . o  . o  . o  2 . 1  . o  . o  . o  . o  . o  
TORO 1 2 . 4  5 . 6  . o  2 . 9  . o  6 . 2  . o  4 . 0  3 . 6  . o  . o  
BRDL . 3  . 4  . o  5 . 7  . o  . 3 . o  . o  . o  . o  . o  
HINA . o  . 6  . o  . o  . o  . 0  . o  . o  . 0  . 0  . o  
PUTA . o  . 8  . o  . o  . o  . o  . o  . o  . o  . o  . o  
AXIL 1 . 6  . o  . o  . 7 . o  1 . 7  . o  . o  . o  . o  . o  
CPOL . o  . o  . o  3 . 6  . o  . o  . o  . o  . o  . o  . o  
OLEC . o  . o  . o  . 7 . o  . o  . 0  . o  . o  . 0  . o  
TFER 3 . 5  . o  . o  . 0  . 0  . o  . o  . o  . o  . o  . 0  
O ther  5 . 7  . o  . o  . o  . o  . 7 . o  . o  . o  . o  . o  

To t al 3 7 1  5 1 8  2 4  140 0 2 90 16  25 2 8  100 7 

S p r i ng 
WARB WHIT FANT SILV CHAF RIFL TOMT BELL TU! PIGE BLAC 

Tree code 
Ai r . o  . o  8 9 . 7  . 0  . o  . o  . o  . o  . o  . o  . o  
Ground . o  . o  . o  . o  4 . 2  . 4  45 . 5  . o  . o  . o  100 
RIMU 1 . 6  8 . 3  . o  . o  . o  2 . 5  . o  . 0 7 1 . 4  . o  . o  
MIRO 4 . 4  1 1 . 1  . o  1 . 9  3 3 . 3  4 . 2  18 . 2  . o  14 . 3  9 8 . 2  . o  
HALL . 4  . o  . o  . 0  . 0  1 . 3  . o  . o  . o  . o  . o  
PHYL 1 . 6  2 . 4  . 0  . 0  . 0  . 8  . o  3 . 7  . o  . o  . o  
RBEE 20 . 6  24 . 5  6 . 9  70 . 4  20 . 8  8 . 5  9 . 1  8 1 . 5  . o  . o  . o  
RATA . 4  . o  . 0  . o  . o  . 4  . o  . o  . o  . o  . o  
KAMA 50 . 8  49 . 4  3 . 4  5 . 6  25 . 0  64 . 0  18 . 2  1 4 . 8  14 . 3  . o  . o  
MAHO . 4  . o  . o  . o  . 0  2 . 1  . o  . o  . o  . o  . o  
TORO 8 . 9  4 . 0  . o  . o  . o  6 . 4  . o  . o  . 0  . o  . 0  
BRDL 2 . 0  . o  . o  9 . 3  . o  2 . 1  . o  . o  . o  . o  . o  
HINA . 8  . o  . 0  . o  . o  2 . 1  . 0  . o  . 0  . 0  . o  
PUTA . 4  . o  . o  . 0  . 0  . o  . o  . o  . o  . o  . o  
AXIL 1 . 6  . 4  . 0  . o  . o  1 . 3  9 . 1  . o  . o  . 0  . o  
CFOE . 8  . o  . o  . 0  . o  . o  . o  . o  . o  . o  . o  
CPOL . 8  . o  . o  . 0  . o  . o  . o  . o  . o  . o  . o  
OLEC . o  . o  . o  . o  1 6 . 7  . 0  . o  . o  . 0  . 0  . o  
TFER . 8  . o  . o  . 0  . o  . 8  . o  . o  . o  . o  . o  
O ther  3 . 6  . o  . o  13 . 0  . 0  3 . 0  . o  . o  . o  1 . 8  . o  

To t al 248 253  2 9  54 24 236  1 1  27  7 56 10 
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APPENDIX 15  

Seasonal foraging use of he i�h t classes ( percen t )  
(Ground observa t i ons )  

Summer 

B i rd code ( s c i en t i f i c  name in t able 2 . 2 ) 

WARB WHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE B LAC 
Heigh t  ( m )  
2 . 00 4 . 7  2 . 4  7 . 1  . o  . o  2 . 8  1 6 . 4  . o  . o  . o  . o  
4 . 00 2 1 . 9  6 . 8  1 6 . 7  . o  30 . 0  2 1 . 1  2 6 . 0  . o  . o  . o  . o  
6 . 00 2 6 . 3  1 2 . 9  2 1 . 4  16 . 7  10 . 0  33 . 2  2 1 . 9  . o  . o  . o  . o  
8 . 00 24 . 1  2 1 . 7  1 1 . 9  16 . 7  30 . 0  2 1 . 5  8 . 2  . o  . o  . o  . o  
10 . 00 9 . 4  1 3 . 7  7 . 1  1 1 . 1  . o  1 2 . 5  4 . 1  . o  . o  . o  . o  
12 . 00 6 . 4  1 1 . 8  7 . 1  11 . 1  20 . 0  4 . 7  2 . 7  . o  . o  1 00 . o  
14 . 00 1 .  4 12 . 9  7 . 1  11 . 1  . o  3 . 0  . o  . o  . o  . o  . o  
16 . 00 2 . 8  9 . 4  2 . 4  1 1 . 1  10 . 0  . 6 1 . 4  . o  . o  . o  . o  
18 . 00 1 . 9  3 . 0 4 . 8  11 . 1  . o  . o  . o  . o  . o  . o  . o  
20 . 00 . 8  1 . 6  4 . 8  1 1 . 1  . o  . o  . o  . o  . o  . o  . o  

2 2 . 00 . o  2 . 3  2 . 4  . o  . o  . 4  . o  . o  . 0  . o  . o  

24 . 00 . 0  1 . 6 . 0  . 0  . o  . o  . o  . 0  . o  . o  . o  
26 . 00 . o  . o  4 . 8  . o  . o  . o  . o  . o  . o  . 0  . o  
28 . 00 . o  . 0  . 0  . o  . o  . o  . o  . o  . o  . 0  . o  
30 . 00 . o  . o  . o  . o  . o  . o  . o  . o  2 2 . 6  . o  . o  
32  + . o  . o  . o  . o  . o  . o  . o  . o  7 7 . 4  . o  . o  

To t al 361  575  42 18 10 7 7 3  7 3  0 3 1  3 2 7  

Au tumn 

WARB WHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
H e i gh t  ( m )  
2 . 00 1 2 . 6  . 8 8 . 3  11 . 1  . o  5 . 0  15 . 8  4 . 8  . o  . 0  . o  
4 . 00 2 1 . 9  5 . 1  25 . 0  27 . 8  . o  17 . 7  15 . 8  . o  . o  . o  . .  o 
6 . 00 20 . 6  13 . 6  29 . 2  30 . 6  . o  17 . 3  10 . 5  9 . 5  . o  . o  . o  
8 . 00 17 . 7  1 9 . 9  14 . 6  8 . 3  . o  28 . 3  . o  38 . 1  . o  . o  . o  
10 . 00 1 2 . 8  9 . 6  8 . 3  5 . 6  . o  17 . 0  . o  33 . 3  . o  . o  . o  
1 2 . 00 6 . 8  10 . 2  . 0  . o  . o  7 . 7  2 . 6  9 . 5  . o  1 1 . 5  . o  
1 4 . 00 3 . 7  7 . 1  2 . 1  2 . 8  . o  2 . 4  . o  4 . 8  . o  . o  . o  
1 6 . 00 1 . 9  1 1 . 4  6 . 3  11 . 1 . o  2 . 4  . 0  . 0  . o  15 . 4  . o  
1 8 . 00 . 3 18 . 3  . o  2 . 8  . o  1 . 7  . o  . o  . o  26 . 9  . o  
20 . 00 . 7  1 . 6  2 . 1  . o  . o  . o  . o  . o  . o  . o  . o  
2 2 . 00 . 7 1 . 0  . 0  . 0  . o  . o  . o  . 0  . o  46 . 2  . o  
24 . 00 . o  . 8  2 . 1  . o  . o  . o  . o  . o  . o  . o  . o  
2 6 . 00 . o  . 6  . o  . o  . o  . o  . o  . o  . o  . o  . o  
2 8 . 00 . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  
30 . 00 . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  
32 + . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  

To tal  572 - 508 48 36  0 4 1 7  3 8  2 1  0 26 1 7  
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Append ix  15 cont inued 

'Winter  

B i rd code ( s c i en t i f i c  name in  t able 2 . 2 ) · 

lJARB 'WHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
H e i gh t  (m )  
2 . 00 10 . 8  . 4  4 . 2  7 . 9  . o  1 . 4  1 2 . 5  4 . 0  . o  . o  . o  

4 . 00 20 . 8  6 . 9  4 . 2  1 . 4  . o  7 . 9  . o  24 . 0  . o  . o  . o  
6 . 00 16 . 2  1 2 . 7  4 . 2  7 . 9  . o  23 . 8  6 . 3  1 2 . 0  . o  . o  . o  

8 . 00 19 . 4  23 . 2  8 . 3  1 8 . 6  . o  30 . 0  . o  40 . 0  2 1 . 4  . 0  . o  
10 . 00 1 2 . 4  18 . 3  1 2 . 5  10 . 7  . o  14 . 1  . o  1 2 . 0  35 . 7  . o  . o  

1 2 . 00 7 . 8  8 . 1  1 2 . 5  10 . 7  . o  5 . 9  . o  4 . 0  3 9 . 3  . o  . o  
14 . 00 7 . 0  5 . 6  1 2 . 5  1 7 . 9  . o  1 3 . 1  . o  4 . 0  3 .  6 2 1 . 0  . o  

1 6 . 00 3 . 2  8 . 1  20 . 8  15 . 7  . o  1 . 4  . o  . o  . o  3 3 . 0  . o  

1 8 . 00 . 5  5 . 8  8 . 3 7 . 1  . o  . 3  . o  . o  . o  1 7 . 0  . o  

2 0 . 00 . 5  4 . 8  4 . 2  . 7 . o  . 7 . o  . o  . o  4 . 0  . o  

2 2 . 00 . 5  1 . 7  . o  1 . 4  . o  1 . 4  . o  . o  . o  7 . 0 . o  

24 . 00 . o  1 . 0 8 . 3  . o  . o  . 0  . o  . o  . o  3 . 0 . o  

2 6 . 00 . o  1 . 5  . o  . o  . o  . o  . o  . o  . o  7 . 0  . o  
2 8 . 00 . o  1 . 2  . o  . o  . o  . o  . o  . o  . o  8 . 0  . o  
30 . 00 . o  . 6  . o  . o  . 0  . o  . o  . o  . o  . o  . o  
32  + . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  

To t al 37 1  518  24  140  0 290 1 6  2 5  2 8  100 7 

Spring 

TJARB 'WHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
H e i gh t  ( m )  
2 . 00 8 . 9  . 8  1 3 . 8  1 3 . 0  1 6 . 7  4 . 7  27 . 3  . o  . o  . o  . o  
4 . 00 2 1 . 8  7 . 1  1 3 . 8  7 . 4  . o  10 . 6  27 . 3  . o  . o  1 . 8  . o  
6 . 00 27 . 4  24 . 9  1 0 . 3  7 . 4  8 . 3  28 . 8  . o  . o  . 0 . o  . 0  
8 . 00 1 2 . 9  25 . 3  1 3 . 8  1 3 . 0  8 . 3  23 . 3  . o  3 . 7  . o  . o  . o  
10 . 00 13 . 3  7 . 1  1 0 . 3  20 . 4  16 . 7  15 . 7  . 0 1 1 . 1  1 4 . 3 . o  . o  
1 2 . 00 5 . 2  5 . 5  1 0 . 3  3 . 7  4 1 . 7  9 . 7  . o  3 . 7  . 0 . o  . o  
1 4 . 00 4 . 4  9 . 1 1 0 . 3  . o  . 0  4 . 7  . o  . o  . o  2 1 . 4  . 0  
1 6 . 00 4 . 0  9 . 9  6 . 9  1 . 9  4 . 2  1 . 3  . o  . o  . o  58 . 9  . 0  
1 8 . 00 . 4  4 . 0  6 . 9  7 . 4  . 0  . 8  . o  14 . 8  85 . 7  17 . 9  . o  
20 . 00 . o  3 . 6  . o  14 . 8  . o  . 0  . o  48 . 1  . o  . o  . 0  
2 2 . 00 . 8  2 . 8  3 . 4  1 1 . 1  . o  . o  . o  1 8 . 5  . o  . o  . o  
24 . 00 . 4  . 0 . o  . o  . o  . o  . o  . o  . o  . o  . o  
26 . 00 . o  . o  . o  . o  . o  . o  . o  . o  . 0 . o  . o  
28 . 00 . o  . o  . 0  . 0  . o  . o  . o  . o  . o  . o  . 0  
30 . 00 . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  . o  
32 + 1"\ " 1"\ " . o  . o  (\ . o  . 0 . o  . o  . v  . v  . v  . v  . v  

To tal 248 2 5 3  29  54 24 236 1 1  2 7  7 56 10 
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APPENDIX 1 6  

Number o f  b i rds coun ted each mon th  on  the con tour t ransec t s  

Transect 1 

B i rd species  code (s cien t i f i c  name i n  table 2 . 2 ) 

VARB VHIT FANT SILV CHAF RIFL  TOMT BELL TUI PIGE BLAC 
Month  of  s tudy 

November 6 1 1 1  2 9 2 6 0 0 0 3 
December 1 3  3 2 1  15 8 2 5 0 0 0 5 
January 1 2  7 14 11  13  2 10  0 0 0 3 
February 1 3  1 1 7  16  0 8 5 0 0 0 0 
March 2 1  2 1 8  26 5 3 5 2 0 0 0 
Apr i l  1 5  0 20 18  0 9 1 6  6 1 0 1 
May 7 3 1 3  2 6  2 4 1 3  5 0 0 2 
June 1 1  8 1 3  37 0 5 10 0 2 0 0 
July 2 3  8 8 73 1 7 14 0 0 0 4 
Augus t 3 1  6 20 19 0 9 17  6 1 0 2 
Sep tember 2 7  3 2 1  1 1 2 10 4 0 0 5 
Oct ober 24 2 14  2 1  1 1  6 13 4 2 0 7 
November 30 3 1 9  16 8 0 18 1 0 0 6 
Dec ember 29  8 1 7  3 16  8 1 9  0 0 0 1 3  
January 1 6  1 6  20 10 8 7 16 2 0 0 2 
February 24  35  20  38 0 1 5  3 1 0 0 0 
March '20 8 22 33 0 1 4  1 5  0 0 0 1 
Apri l  25  1 7  24 39 1 10  1 7  9 0 0 1 
May 1 1  6 18  10 0 3 1 1  7 0 0 0 
June 18  1 7  14 51 1 7 7 5 0 0 0 
July 1 3  4 5 68 0 2 5 3 0 0 2 
Augus t 1 5  1 0  1 4  3 6  0 1 10  0 0 0 2 
Sep tember 3 1  1 8  28 64 3 1 1 3  0 4 0 2 
Oc tober 3 1  9 12  51 4 1 1 3  3 0 0 5 
November 24 24 24 18 9 8 1 7  3 0 0 6 
December 28 14 23 15 23  5 2 2  4 0 0 9 
January 1 1  2 1  27 17 6 1 3  1 1  0 0 0 1 
February 21  9 16  32 3 7 5 4 0 0 2 

Mont h  of  s tudy f rom November 1 982 un t i l  February 1985 
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Transect  2 

B i rd speci es code ( s cien t i f i c  name in table 2 : 2 )  

'WARB 'WHIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE B LAC 
Mon th  of s tudy 

November 2 1  1 0  2 7 7 7 1 0  0 0 1 4 
December 1 8  1 7  1 10  14  1 1  1 0  0 0 0 2 
January 1 4  2 2  1 0 5 15  19  5 0 1 2 
February 1 3  30 3 24 2 14 8 1 0 3 0 
March 2 9  2 9  2 1 0  0 14 1 1  0 3 3 1 
Apr i l  1 9  12  6 25 0 4 25  5 5 0 1 
May 7 17  7 90  0 10 1 2  1 1  1 1 1 
June 8 35 8 32  0 13  1 3  8 4 5 1 
July 1 1  24 1 1 1  0 1 1  1 6  3 1 4 0 
August  37  52  3 10  0 15 18 6 1 7 0 
Sep t ember 2 8  4 4  3 2 1 6 1 7  0 1 1 2 
Oc tober 3 6  6 4  0 2 1  4 3 1 6  8 0 2 2 
November 3 6  s o  2 2 3 12  26  1 0 3 1 4  
December 25 41 1 3 7 15 2 3  2 0 0 9 
January 1 7  8 2  5 3 3 17  2 2  12 1 0 1 
February 28 59 8 1 3  2 2 3  1 1  6 0 4 4 
March 34 42 13  27  3 1 2  2 3  14 9 9 6 
April  35  34  9 87  1 6  1 0  1 8  22 6 10  7 
May 25  3 1  5 42 1 4  1 5  1 7  18 1 3 3 
June 3 6  23  1 2 7  5 1 2  1 4  12 5 3 0 
July 1 6  2 1  4 37 6 10  6 2 5 4 0 
Augus t 28  29  1 25 2 10  17  2 4 4 2 
Sep tember 28 38 1 1  7 2 1 1  1 1  6 2 3 2 
Oc tober ' 2 8  44 3 10  3 15 8 4 0 2 6 
November 3 3  65 0 10  1 7  16 30 2 0 1 2 7  
December 2 5  43 0 6 7 12  14  3 1 0 1 1  
January 1 8  39  14 26  4 27 1 6  4 1 3 7 
February 2 1  41  8 29  4 23 14 10 7 2 2 

Mon th  o f  s tudy from November 1 9 8 2  un t i l  February 1985 
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Transect  4 

B i rd s pecies  code ( s c ien t i fi c  name i n  table 2 ; 2 )  

�ARB �HIT FANT SILV CHAF RIFL TOMT BELL TUI P IGE B LAC 
Mon t h  o f  s tudy 

November 14 24 0 1 2 7 1 0 0 1 6 
December 1 3  2 1  0 1 3 8 1 1  1 0 0 9 
January 10 17  0 3 1 4 18  0 0 0 3 
February 1 1  1 9  0 13  1 1 1  1 2  0 0 0 0 
March 1 1  10 0 15  0 8 8 0 1 0 1 
Apr i l  3 7 2 2 1  0 10  6 2 0 0 2 
May 3 8 0 32  2 7 10 3 1 0 4 
June 4 3 0 46 0 18  13  2 1 0 1 
July 8 22 0 8 0 1 1  7 0 1 0 1 
Augus t 36  73  2 10 2 1 5  2 7  1 6  0 1 4 
Sept ember 23 14 0 2 6 7 18  7 3 0 1 
O c t ober  15  34 0 0 0 8 13 4 0 0 7 
November  16  32  0 4 1 2  6 19  3 0 0 1 7  
December 1 2  2 9  0 0 8 9 14 4 2 0 1 2  
January 13 31 2 3 1 7 14 1 0 0 1 1  
February 13  29  0 1 5  3 5 10 3 0 1 0 
March 26 18  0 1 7  0 12  12  10 0 2 3 
Apr i l  24 7 0 29  0 1 1  1 7  1 2  0 0 0 
May 12 8 1 1 1  0 1 5 4 1 0 0 
J une 13 8 1 1 3  6 6 10 1 1  0 0 0 
July 14 24 0 23  0 3 1 2  5 0 1 0 
Augus t 2 1  26  0 10  2 9 15  5 0 0 2 
Sep tember 19  34 0 1 0 4 14 6 0 0 0 
O c t ober 26 33  0 5 1 4 1 3  0 0 0 5 
November  31  47 1 0 8 3 36  2 0 0 2 1  
December  16  33  0 2 6 5 18  1 2 0 18  
January 1 1  1 3  0 1 3  4 10 9 2 3 1 4 
F ebruary 18 19 2 0 3 15 10 4 2 0 1 

Month  o f  s tudy from November 1982  un t i l  February 1985 
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Append ix  1 6  con t inued 

Transec t 5 

B i rd s pec i es code ( sc ien t i f i c  name i n  table 2 : 2 ) 

\IARB \/HIT FANT SILV CHAF RIFL TOMT BELL TUI PIGE BLAC 
Month  of  s tudy 

November 1 5  1 1  0 2 1 5 9 0 0 0 6 
December 14 8 3 1 7 1 1  1 3  1 1 0 6 
January 1 7  1 5  0 2 3 2 1  1 3  8 0 0 3 
February 9 2 7  0 6 2 1 7  3 1 0 0 0 
March 2 2  8 0 1 2  0 1 2  7 0 2 0 0 
Apri l  1 0  6 1 1 1  0 14 5 2 0 0 0 
May 5 7 2 22  0 9 3 3 2 0 1 
June 3 7 3 8 1 16  7 2 0 0 0 
July 1 3  1 1  1 7 2 20 7 0 0 1 0 
Augus t 2 8  2 4  1 1 0 17  10  13  0 0 0 
Sep t ember 2 1  1 0  0 7 4 8 1 2  7 3 1 4 
Oc t ober 19 13 1 4 7 10  1 1  5 0 0 9 
November 25 1 1  1 0 1 1  8 1 5  8 0 0 1 6  
December 26 1 1  3 4 13  14 15 6 2 0 18  
January 1 6  26  1 3 12  15  1 1  10  1 0 2 
February 18  18  1 22 2 1 7  5 7 0 0 0 
March 29  2 2  6 12  1 1 3  20  5 0 0 0 
Apr i l  3 6  9 3 36 0 15 24 14 0 0 1 
May 25 9 2 28 0 10  9 14  . 0 0 1 
June 22 15 0 21  1 3 1 0  9 1 0 1 
July 15 3 1 12  2 10 9 2 1 0 � 
Augus t 23  1 5  1 5 4 1 1  20  4 2 1 0 
Sep tember 1 8  1 5  3 8 0 6 20 13  0 0 1 
O c t ober  30  20  3 2 0 3 1 7  8 2 0 6 
November 24 1 5  3 5 19  9 2 7  4 1 0 20  
December 1 9  1 2  2 0 5 9 1 7  3 0 0 2 1  
J anuary 1 6  1 2  0 8 6 21  13  9 0 0 8 
February 9 2 2  0 39 2 17 18  5 0 0 2 

Mon th of  s tudy f rom November 1982  un t i l  February 1 985 
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APPENDIX 1 7  

Number o f  b i rds  obs e rved near / far a t  each s t a t i on 

w 

A 

R 

B 

L 

E 

R 

N F 

1 0  4 9  

3 2  6 5  

1 3  2 9  

1 6  5 0  

1 1  6 8  

2 6  5 1  

1 2  5 1  

1 4  5 3  

4 7 5  

9 7 3  

6 8 5 

9 6 6  

9 6 6  

1 7  6 6  

2 0  6 5  

1 9  8 5  

1 4  2 7  

1 6  7 5  

1 2  8 6  

7 7 5  

1 2  6 7  

4 4 1  

8 4 6 

1 3  2 7  

1 0  5 6  

8 5 1  

7 4 2  

6 2 2  

4 4 7  

5 4 9  
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7 4 7  

1 5  5 6  

1 0  4 1  

1 2  5 1  

1 6  7 7  
5 6  

3 7  

2 4 3 

1 3 0  

0 2 5  
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5 3 9  

1 9  6 0  

1 3  4 8  

5 7 8  

3 5 2  

4 5 2  

1 5  4 4  

2 6  7 8  

1 2  8 7  

1 7  4 2  

2 7  1 0 6  

5 9 7  

1 2  5 4  

3 3 4  
5 2 5  

5 2 2  

6 2 1 

3 3 5  

8 4 6  
5 3 5  

1 6  2 5  

1 3 3 
1 2 2  

0 2 4  

4 4 0  

5 4 5  

6 2 7  
0 1 4 
5 2 9  
0 4 6  
8 1 8  

0 3 3  

2 5 0  

3 5 1  

1 8  4 0  

1 5  4 7  
7 3 7 
7 3 7  

6 �  

3 1  

7 2 9  

1 2 4 
1 3 

2 1 5  

0 1 4  

0 8 

1 6 

0 9 

0 1 3  

0 1 6  
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1 1 4  

0 9 
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0 1 8  

2 2 4 
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0 
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1 6  
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2 4  5 

2 6  

1 4  2 

1 2  3 

5 9  1 0  

4 2 

2 4  i 
4 8  

4 2  5 

3 4  8 
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3 0  7 
2 2  0 
3 1  1 0  

4 8  1 8  

3 2  6 

1 5  6 

2 7  
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N = number o f  counts within 20m. F = number of counts further than 20m. 
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