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WATERBIRDS AT MINDEN DAM, SOUTH-EAST QUEENSLAND,
1979 TO 1987. AND FACTORS INFLUENCING THEIR ABUNDANCE

G. J, LEACHT and H. B. HINES'z

rP.O. Box 568. Kenmore. Qld.1069
I'12 Pangcza Strcct, Stafford Hcighls, Qld 1053

Receivad l8lunuary I t)t) I

Walerbirds were monitored at approximately three-week intervals from June 1979 through May
1987 at Nrinden Dam, south-east Queensland. Thirty{our species were observed, 3 to 19 species in
each count. Mean counts were highesl lor Dusky Moorhen, followed by Eurasian Coot, Liltle Black
Cormorant, Pacific Black Duck, Cattle Egret and Australasian Grebe. These species, except the Cattle
Egret and Eurasian Coot, were present in 75 per cent of counis, as were also Purple Swamphen and
Little Pied Cormorant.

Total numbers ol birds and numbers ol seven species (Plumed Whisl l ing-Duck, Pacif ic Black
Duck, Grey Teal, Hardhead, Masked Lapwing, Black-lronted Plover and Black-winged Slilt) increased
signiiicantly as the water level in the dam fell. Numbers of ten species were inversely correlaled with
rainfall in the preceding 100 days. In contrasl, numbers of Little Black Cormorant and Little Pied
Cormorant decreased as water level fell and as rainfall in the preceding 100 days was lower. Numbers
oi Auslralasian Grebe, White-faced Heron, Intermediate Egret, Pacific Black Duck and Dusky Moorhen
were highest in winter, while those of Little Black Cormorant, Little Pied Cormoranl, Catlle Egret,
Plumed Whisl l ing-Duck and Black-winged Sti l t  were highest in summer.

Minden is r ich in walerbird species because of i ts permanence and the diverse range of habi lats.
The predominantly inverse correlations wilh depth suggest that it was a local refuge as nearby habitals
diminished during dry periods. The diversity and functioning of the dam is lhreatened by inkoduced
water weeds and rural residential development so careful managemenl is required to maintain its
attractiveness 10 waterbirds.

INTRODUCTION

Thcrc have been few published long-term
studics on waterbird populations in Australia. In
Queensland. such monitoring has been conlined
to the north-east from 1958 to 1964 (Lavcry
1966, 1970a and b) and one day counts by
the Queensland Ornithological Society (QOS) in
thc Morcton Region of the south-east in each
Octobcr bctween 1972 and l983 (Woodall 198-5,
19{J6,  l98E).

Analyscs of the QOS counts showed numbers
of several species to be inversely correlated
with changes in winter rainfall of the Moreton
Rcgion (Woodall 1985, 1986, 19138). Numbers
of some other species, e.g. Grey Tealf, were
inversely correlated with changes in inland
rainfall (Woodall 198-5). Only Darter and
Picd Cormorant were positivcly correlated
with the Moreton Rcgion and inland rainfall,
respcctivcly.

Waterbirds wcrc monitored for several years in
the Richmond River Valley (Gosper 1981; Gospcr
et a/. 1983), which is located east ofthe Great Divide
in northern Ncw South Wales and has similar
waterbirds to south-east Queensland. Numbers of
abundant spccies such as Black Swan, Pacific Black
Duck and Dusky Moorhen were strongly influcnccd
by season (Gosper et a/. l9tl3). Numbers of somc
other species. such as Pacific Heron. Straw-
necked Ibis and Grey Teal. were invcrscly rclatcd
to wetland availabil itv inland of thc Great Divide.

ln the prcsent study. changes in watcrbird
numbers were intensively monltored over an
cight-year period on Minden Dam in south-cast
Queensland. Thc intcnsity of monitoring enabled
the influence of seasonal factors within years to
be analysed as well as factors that vary between
yearsi some of the latter can be deternined from
one day pcr year counts l ike thosc of QOS
(Woodall 19135). Counts from the first four years
overlap part of the period analyscd by Woodall
(1985), enabling somc comparisons between our
frequent monitoring of a single dam and the once-
a-year regional counts.+Vernacular  namcs fo l low Schodde c/  / r / .  (1978).
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Figure L Mrrd. ,  Dant.  thor int  locarnn ol  lht , to ihern (N).
(utra l  lC) and \outh.n1 lS) ! (1 i t ,s  onl  th(  lontk ' t  rcJ i tsr
dunry E).  Prokhul  i \x  \  t ( t<dut ion unund th? ptrund.r
is Illu? GuDt I I:,u(.), Brigulot! lBng.), Ttu tr.. ( I.trc() anl
P.ppennu lPet).). Bulruth ..\trttdel unurul tlrc southon
portkrt ol tlk, nt) h(nt \t\\i)n bdtrt.tt tlk t\o points lubclhtl

bt  .  Inst  shox\  I t \d1, t  t ) l  Mi  t lo in south.al l t  Qutcns.

War e rbi rd o h st rv ar utns

Wa(erbirds werc counlcd on l2ll d:r1s from June l97t) through
Ma) 1987. i .c  a1 approxjm tc l r  thrcc- \ rcek rntcrvals ( range
I to l0 $eeks).  Thc numbcr of  counts pcr ,vcar rangcd f ro ' r
I  I  in  1985 . rJ6 ro 2,{  in 1981 .92.  Most  counrs ( l ( l1( l  15 mins) } ,ere
mndc between I3(X) and l6{)0 h.  u i (h I  fe\  ear l ier  in the da,v.

Ci)unts of  thc northern \ect i { )n wcrc madc f rom thc former
dump si tc  (R.  Fig.  l )  aod f rom thc road ncar the soulherr
cnd. ' l 'he centra l  and soulhcrn \ecl ion\  wcre counted f rom the
f t )ad.  Somc birds wi lh in lhc bulrushe\  on the easlern s ide
R)uld not  have been c letecied.  but  rhosc i r  rhc hulrushcs ncrr
'h(  ( lL,mf \ i rc  , r .u: , l lv  f l  r ' .hc( l  q h i lc  c^, ,n '  InF wi , \  In nr ! 'F ' . \ \

lv indcn DrIn l7" i3 S.  t5t . t - t 'L .  is  r i (J  n l  above \cr  lcvcl
i rnd ronr l r iscs thrcc hodics ot  warer scprraled bt  lou,ra l ls /
c i tusc$rI \  ( [ : i r .  l ) .  I r lorx ls l t r rw f rom \outh 1( ]  Dor lh.  but  a l
othcr  l rmr\  lhe \ecl i ( )n\  r re d iscrc le.  Thc c i t tchnlcnl  i \  mainlv
rmpro\cd gr | r \ \ land or  rhc Lt l tu! ia lp la in of(hc t \ , l inden Val lc l i .
\u lh rLrn of l  l ronr Nl indcn.

Thf  nor lhrm \ecl ion (N. Fig l )  has hcld wi l ler  cont inuously
\rnce al  lca\ l  l9() ( )  (V E Mi l le\ r 'sk i .  pcr \ .  colnnr.  ) .  When f r l l .
I t  corcr \  i rpf roxr  l tc l !  l . l  h and has a per i r rctcr  of  ub0ut
t ) ( l ( l  nr  Or ig in l ly  rorr  th i rn 6 m dccp.  suhscqucnr s i l r inr  has
rcLluced lhc mar imum depth t ( )  about 2 m. The centr i l l  r l rcr ion
(C. I r iq l )  1s \h i r111){ .  sr ldom \ \ ' i rh morc lh n ( }5 m drplh
oi  watcr  rnd \ ( 'orctrnrr \  \ r i lh  nonc When fu l l .  i l  covers
l fproximrtc l \  0 :  h l  lnd ha\  a per inrelcr  of  about 250 m. I  h{ j
n)uh(rn sccl ion (S.  I : ig .  I  )  h i rs an area of  i rpproxnrarelv { ) . :  hr .
I  prr inrc ler  ( ' l  lbout  lo0 nl .  a mnximun deprh of  rb()ur  I  n l .
a n d  i s  a l s o  r i ( u u l l y  p e f m l t n c n l .

SoInc mrture tllur (iunr frrr a/r2rrrs r.,/./(?,/ri!, patches of
tln8alo\l ..1(t](r.r huryr4thtlla. l'e:r Trce itl?lal u hru ratu,
I 'enfcr  inr  \ (  r , ra9r/ ) / / . , .  . -1.r / . td spp t tnd a fcw cxor ic spccics
,)c.urr l rd l r ( )und lhe per imclcr  of  rhc northcro scctr(D (Fig.
1) .  Duf i r rg thc \ rLrrmcr nronlhs.  a f loat ing fo l i rgc of  rqurt ic
\pccics such $ Lut l r \ t t t .  \  r r r / t rdeiJ nd Nlrr / r r . ,  r , r  spp
$i lende( i  about:  r r r  l r ( rnr  rhc margin \ \hcn wir ler  tevr ts wcrc
high.  bccrJrDing morc proDt inenl  over ihe l i ls l  . l  vrar \
(  \ ' L . r . r , ' r i , l l \  ' r ( !  l l , ' . , r r n F  l r ,  / r , . , n J  / , , , r / r , , . t ' f . l , r ( . , . i  , , r ( r

A  n r u d d \  \ h ( ) r c l i n c  * a s . r v a i l a b l c  I r o u n d  t h e  n o r r h c r n
srr t ion thr(mgh much oi  1979. 1980 rnd in l9 i t6/19U7. bu1 l (
nr( t \ t  ( ) thcr  t rme\ rank \egelatr ( ) r r  reuchcd lo (hc cdle of  the
\ \ : r ler .  A I  m $rde band of  Uulrush f l1rr l  sp. .  a d s()me
Comrnon Recd I 'hruXDt i tLs lu\ t ru l i ! ,  surrounded about hal l
lhe pcrmctcr  o[  rh i \  sect i ( ro ( l ] ig .  l )  and gr i rzed or  mown
gr! \shnd surrounded thc remaindcr.  t1r , .x t rd. i \  \p.  occurrcd
ovcr lhc \ rhole o i  thc ccntr i r l  sccr ion.  * ,h ich was \urrounded
br_ c lo\c l r  grazcd gf t ts \hnd.  The southern sect ion \upponed
a hand (r f  l loar ing rqual ic  \pccics and was bordcrcd by
/  / , r "  r , / , , ,  . n  A ' r r u L l J \  . h , , r ( l i  (  l r . r l , r r J r  $  J \ . r h \ (  n r ' r . , I l r  r h L
\oulhcrn \ccr ion.  hut  iv i t ihble for  long perxxls around lhe

I)q!h ol hdk'r. fttitl.lall and t?ntNrun!r.
' l  

hc dcplh ( ) f  [atcr  in the northern scct i (n]  was moni t ( ) red
by notrng thc level  on I  post  in the dam. I t  wir \  a lm()s(  fu l l
when ob\crv i t ioos began in 1979 (Fig.  2) .  The deprh was
k)rcsl  in Decembcr 1980. h ighesr in lho tb l lowing sumner

nd near r ts  maximum for  the three years f rom Apr i l  l t )1t3.' Ihc 
watcr  w s gcneral lv  c le r .  cxcept  whcn thc lcvcl  was l ( )h-

in the la l lcr  hdl f  of  l9 i t0 and uhen the dams wcrc f loodcd in
Junc J u l )"  l9 l t . l .

I ) ! i ly  ra infa l l  was recordcd al  Marburg Posi  Of l icc ( l -ablc
I  ) .  Iboul  5 km easr.  and lcmperatures at  [ -a\ !cs,  aboul  :0 km
$!\( .  Approxrmately cqual  numhers of  scasons and ycars wi th
r . t lnt ! l l  rhovc or  bcl ( )$ 'averagc wcrc cDcounterecl .  l l though
thc sunmer ra infa l l  $as helow avcrage over the s ix lcrrs.
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TABLE l
Rainfal l  at  Mrrburg f rom 1979 ro 1987 (mm)

t9'/9
1980
l9E I
l9lt2
l9u3
1981
1985
1986

l l 6
l6u
5 r 6
195
222
r75

711
759

I  0 1 6
693
941
821

Junc Aug. Sept.  Nov.  Dcc.  Fcb.  Mar.  Ma! Ib la l

i
-

t

130
.l(,

l l l
9

267
195

l 8 l
163
2lfl
125
155
2 5 r

:0u
ll{t
l l l
36,r
t91
200
60

| 1',7

Long-ternr  meirns:

Amberley l9,l
I u l

Nolei  Rccords providcd by ihe Br isbanc Of l lcc of  rhe Bureau
of Mctcorology.  Long-rerm mci tns i l rc  unavaihblc for
Marburgl  Ambe| lcy is  20 knl  casl  of  Minden i l r rd L i l \ r 'es 20

Corrc la l ions were calculatcd ber$ccn wa!crbi rd numbers
and eighl  var i rb les:  (  l )  number of  days c laps€d s incc rhc s ludv
commcnccd (Day).  (2)  t ime of  dat- .  (3)  durarn)n of  counr ing.
(1)  watcr  dcprh.  (5)  tdr l  ra infa l l  for  thc da\ ,  of  thc counr.  (6)
cumulat i \c  r i i in f r l l  tot r l  for  drc prcccding 21) days and (7)  for
thc prcceeding 100 days.  i rnd ( l t )  Dre.rn dai ly  lcmpcraturc for
the 2( l  days prcccding each count as xn indcx of  seirson.
Annlyses wcrc conl incd to thc counts i rom lhc norrhcrn
sect i r )n bccausc i1 ! \as hrgcsr.  had most habi t l r  d ivers i t !  and
suppor lcd Dlrn)  Drorc b i f t ls  and spccics lhrn othcr  secl ions.
Onl ] '  lhc l7 spccics obscrvcd on the northem sccl ion on 20
or morc dr_vs werc rncludcd in correla l ion lnalyses ior
indiv idul l  spccics.

Counls of  one specics.  thc I lardhcrd.  wcrc s igni t icanr ly
lo*,er  later  in lbc day (P < {) .01).  whi lc  counls of  rhc Dusky
Moorhcn increased marSinal l ! ,  (P < 0.{)5)  as lhc durat ion of
counr ing incrcascd (( i .  J .  Lcach lDd H. B.  Hines.  unpubl .
dr ta) .  The abscncc of  othcr  s igni l icrnt  cf icc(s o l  t imc of  day
or durai ion oI  count ing rndicales th i l l  rhcy were noi  impor l rn l
conlounding faclors and we do not  considcr  thcln fu her iD
this paper.

RESULTS

Waterbird species and numbers

Mean numbcr of species ranged from 5.9 t
0 .59  (n :  17)  in  1983 to  I  I  .4+0.78  (n -  14)  in  1979,
with a range from 3 to l9 in individual counts.

Thirty-four species wcre observcd (Table 2).
The Dusky Moorhcn was nearly always prescnt.
Fivc other specics (Australasian Grebe, Eurasian
Coot. Litt le Pied Cormorant. Pacific Black Duck
and Litt le Black Cormorant) were observcd on

96 It2 29',7
61 206 251

l7l lrJT l{t2
3 13 l7s 7lJ.l

r2tt
| 5

^ '

Figure 2. Tlre height of water (open slnbols joine(l br- line)
unl the ronl nuntber ol birds on the nothem sedkrt oJ the
dunt (closed stntbols).
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TABLE 2
The maximum and mcan nuInbers of  b i rds of  each species.  and thc number of  days on which
a spccics was obscrved.  on thc nor lhern (N) and centra l  (C) p lus southern (S) secr ions of

rhe dam from 1979 to 1987.

C + S

Mean"
All  Pr. (Days) Max.

Corel la 16(4)

Sfi ( , i ics (Days)

Australasian Grebe
Austra l ian Pel ican
Dartcr
Great  Cormoranl
Pied Cormornnl
Li l t le  Black Cormorant
Li t t lc  Pied Cormorant
Pacific Heron
White- faccd Heron
Catt le Egrct
Great  Egret
Li t t lc  Egret
Intermediate Egret
Glossy Ib is
Sacred Ib is
Straw-nccked Ib is
RoyalSpooDbi l l
Ycl lo$ bi l led Spoonbi l l
Plumed Whi\ t l ing-Duck
Black Swan
Paci l ic  Black Duck
Grey Tcal
Austra lasian Shoveler
Hardhead
Maned Duck
Duskv Moorhcn
Purple Swamphcn
Eurasian Coot
Comb'crested Jacana
Masked Lapwing
Red-kneed Dotterel
Black-f root l jd Pbver
Black-wingcd St i l t
L: r tham s Snipe

6 . 6  ( r  i s )
l . { l  ( 1 )
r . r  (21)
r .5  (2 )
2 . 0  ( l  )

12 .5  (e8)
s . 3  ( l  l  l )
l .o  (6 )
1 .  r  (30)

23.2 (31)
1 . 1  (  1 6 )
1 .0  (9 )
l . l  ( 3 5 )
r .0  ( r )
i . s  (  l s )
4 .1  (8 )
r .0  (1 )
2 . t  ( .1 )

20.2 (29)
1 .1  (3 )
9 . 4  ( 1 l l )
8.e (32)
0 .0
1 . 1  ( 6 1 )
1 . 3  ( l l )

10.2 ( 126)
1 .5  (21)

t2 .2  ( t  12)
1 . 6  ( 1 1 )
3 .1  (32)
l . s  (4 )
l .e  (20)
4.s (23)
1 .1  (3 )

r .  l  2 . . t  ( 6s )
0 .0  0 .0
0 .0  0 .0
0 .0  0 .0
0 .0  0 .0
0 . 0  1 . 0  ( l )
0 .0  1 .0  (3 )
0.0 1.0 (,
0 .2  1 .2  (  18 )
r . 0  t 4 .9  (e )
0 . 0  2 . 0  ( l )
0 . 0  1 . 0  ( 1 )
0 .2  1 .0  (26 )
0 .0  1 . { l  ( 4 )
0 .0  1 .0  (3 )
0 . i  l . l  ( 1 2 )
0 . 0  1 . 0  ( l )
0 .0  0 .0
0 .0  0 .0
0 .0  0 .0
0. /  2. '7 (32)
0 .1  3 .1  (3 )
0 . 0  r . 0  ( t )
0 . 1  1 . 1  ( 7 )
t).  (J {1.0
3.E s.2 (e3)
rJ .  l  r .8  (5)
0.5 3.2 (20)
0 .1  1 .7  (10 )
0 . s  2 .0  ( l l )
0 .0  0 .0
0 .0  1 .0  (3 )
0.  r  r .8  (6)
0.0 0.0

2lr 5.9
I  0 .0
2  0 .2
2  0 .0
2  0 .0

47 9 .5
29 1 .6

r  0 .0
2  0 .3

150 6 .2
2 t).1
I  U . l
3  0 .1
r  0 .0
4  0 .2
9  0 .3
I  0 .0
6  0 . 1

1,19 4.6
2. 0.o

46 8 .1
23 2.2
0  0 .0

52 3 .4
20 0.3
48 10 .0
5  0 .3

17 10.7
3  0 . 1

25 0.8
3  0 .0
3  0 .3

l0  0 .8
3  0 .0

2.
,19
2
I
2
I
1
2
1

;
li

6
I
2

l 9
,l

)
.1
0
I

2

Note: "Mcan for al l  128 counts (Al l)  and for days whcn rhe species was prcscnr (pr.).

over 75 per cent of visits. Nine species were
ohservcd on less than 5 per  cent  of  \ is i ls :  three
on only  one oecasion.  Thi r ty- rhree species were
observed on the northern section and 23 of these.
as well as the Australasian Shoveler. were also
obseryed on the central and southern sections.
Cormorants, in particular, were absent from the
latter sections.

Six species (Australasian Grebe, Little Black
Cormorant, Cattle Egret, Pacific Black Duck,
Dusky Moorhen and Eurasian Coot) had a mean
of five or more birds in counts on the northern
scction (Table 2). On the other sections, the mean
was 3.8 for the Dusky Moorhcn, but for the other
five species it was less than one-fifth of the
number on the northern section even thouqh
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thcre was only a three-fold difference in arrea of
witter when thc dam was full. Means. for only
those davs when the species was prcsent.
exceedcd 10 for f ivc species on thc northern
scction and for one On the othcr scctions. Cattle
Egrets. when present, were usuall) '  the most
abundant  spec ies .

Largcst concentrations on the northern scction
were Cattlc Egrets (l-50), followed by Plumed
Whis t l ing-Duck  (1 ;19) .  Euras ian  Coot  (77)  and
Hardhcad (52) (Table 2). Counts of only Cattle
[gret (,19) and Dusky Moorhen (19) cvcr
exceeded l0  on  thc  o thcr  sec t ions .

Mcan nuurber of bircls rangcd fron ,11 1 4.5
(n= 12)  in  198.1  to  137 +  9 .9  (n :14)  in  1979,  w i th
a minimum count ol l-5 in 1983 and a maximum
ol 315 in l9ll2. Relative fluctuations in bird
numbers  ( range/nean)  wcrc  much h ighcr  f rom
l9 i t l  to  l9E3 than in  o ther  years .

Corntorants \\,cIc most nunrcrous from
December l9ll1 throush March 198'1. rvith highest
counts  ( [ - i t t l c  B lack  Cormorant :  47 :  I - i t t l c  P icd
Cormorant :  29)  in  la te  summer  and au tumn.  The
built i-up in nurnbcrs of thc Litt lc Pie d (- 'ormorilnt
in sunrmcr u'as ahout a month eirrl ier than that ol '
thc  I - i t t l c  B lack  Cormorant .  wh i lc  d ispcrsa l  was
up to two months earlier. Numbers of Pacific
Black Duck rcachcd thcir highcst pcak (46) in thc
lirst ycar. lJsually thcre was one peak each year.
rlthough not always at the same time of year. In
contrast, l luctuations in numbers of the other two
pr inc ipa l  ducks ,  Grcy  Tca l  (max.  23)  and
Hardhcad ( r rax .  52) .  were  more  i r regu la r .
Numtrcrs of Dusky Moorhen (max. 48) anct
Eurasian Coot (max. 77) were high through tlre
first ycar. cspccially from Scptcnbcr through
Novcmtrer. Shore-teeding birds, i.e. herons,
cgrets, dottcr(:ls and Black-winged Stilt, were
most numcrous (max. total ol all spccies - 14)
from March through April and Scptcmber
thror.rgh Dcccmbcr 19,30 and fron December 1982
through April 19133.

Relnions bctvveen nurnbers oJ birds on the northern
sectiotl, wuter rlepth, preteding ruinfull urul sc:as<tn

Thc total numbcr of birds dcclined significantly
with the number of days that had elapsed since
counts began (Day. Table 3). Counts of seven
spccies were inversely correlated with Day. ln
contri lst, counts of the White-faced Heron
incrcascd as tl lc study progressed.

The depth of watcr in the dam was positively
correlated with rainfall in thc preccding 20 days
(P <  0 .01)  and 100 days  (P  <  0 .001) .  bu t  no t
significantly with cither mean temperature in the
preceding 20 davs or Day.

The total numtrer of birds was invcrscly cor-
related with clepth ofwatcr (Table 3). Litt le Black
Cormorant incrcascd significantly as the depth
of water increase (1. br.rt Plumecl Whistl ing-Duck,
Pacific Black Duck, Grcy Tcll. Hardhead.
Masked Laprving, Black-frontcd Plover and
Black-wingccl Sti lt increased as the water level fell.
Numbers of Dusii l Moorhen, Purple Swamphen
ancl Eurasian Cor)t were not significantly cor-
re la ted  w i th  dcp th  o f  watc r .

The total nunrbcr of t.t irds was not corrclatcd
wi th  p rcccd ing  ra in la l l  ( ' I ' ab lc  3 ) .  Howcvcr ,  whcn
counts for Cattic I lgrcts. Plumcd Whistl ing-
Ducks and Masketl Lapwings were excluded.
bccausc cach spccic's was probabl), as dependent
on  ad jaccnt  g rass la r r l s .  the  to ta l  number  o f  a l l
rcmr in ing  spcc ics  v 'us  invcrsc ly  cor rc la tcd  w i th
t r r i n l r r l l  i n  l l r \ '  l r r \ ' ( r ' i l i n A  l ( l f l  ( l  r ) .

Numbers  o f  Ar rs t la las ian  Grcbc  and Pac i l l c
l l lack DLrck wcrc invcrscly, and Litt lc Picd Clor-
morant  pos i t i ve l ! .  cor re la ted  w i th  ra in la l l  in  thc
20 days plccccling cach count (Tablc 3). Thc
numbers of ncarly all spccics ncrc invcrsely cor
rc la ted  w i th  ra in fa l l  in  the  100 days  prcccd ing
cach count: t lre two cormorants and thc C'attlc
Egret were exceptions with positivc corrclations.
Numbers of thc rclatively numerous Eurusian
Coot  wcrc  no t  cor re la ted  w i th  ra in la l l  in  c i thc r
thc prcccding 20 or l(X) days.

Counts of Australasian Grebe. White-faced
Flcron. Intcrncdiatc Egrct, Pacific Black Duck
and Dusky Moorhcn were inversely correlated
with mcan tcnperirture in the preceding 20 days,
wh i le  numbers  o f  L i t t le  B lack  Cormorant .  L i t t l c
Pied Cormorant, Cattle Egret. Plumed Whistl ing-
Duck and Black-wingcd Stilt were positively cor-
rclated ('I 'able 3). This indicatcs lowcr numbers
of the formcr. and li ighcr numbers ol the latter,
in  summer  than in  w in te r .

DISCUSSION

Species ric hna.ss

Our survey. over a ran€le of scasons (' l 'able l).
shows that Minden has a rich waterbird com-
munity. with 34 of thc,19 species that Leach and
Hines (19{t7) obse'rvecl and about one-third of



thosc  l i s tcd  fo r  thc  who le  o f  sou th-cas t  Oueens_
land^  (Robcr ts  1979) .  Anothcr  four .  spcc ies
(Rufous  N igh t  Hcron.  L i t r l c  B i t t c rn .  Magp ic
Goosc irntl Musk Duck). which rverc not oDscrved
in  thc  p rcsent  survcr ' .  hnvc  been sccn a t  Mindcn
(Lcach and H incs  l9 l l7 :  C i .  J .  Leach and H.  B .
I l ines .  unpub l .  t la ta ) .  1 'hc  Mindcn waterb i rd
comnunitv rlso cornpares favourably rvith thc -52
spcc ics  rcpor lcd  in  survcvs  o [  a  l5  1 )00  km]  a rea
rn  south-cas t  Quccns land (Wooda l l  1985) .  Thc
spccics of frcshu atc r habitats that Woodall ( l9lt-5)
observcd  w i th  a  f requency  grea ter  th i ln  l0  per
ccn t  bu t .  uh ich  wc d id  no t  obscrvc .  inc ludcd
Rufous  N igh t  Her rn .  B lack-nccked St r t rk .
Chcs tnu t  Tcr r l  und Buf l -banc lcd  Ra i l .

We arc  no t  awarc  o l  o thcr  in fo rna t ion  on  the
spec ics  r i chncss  o f  ind iv i i lua l  wc t lands  in  the  sub-
coas ta l  low lands  o f  sou thern  Quccns land and
nor thern  Nc\ \ 'South  Walcs .  On the  Ne\ \ ,Eng land
Tab lc lands  c l l  Ncw South  Walcs .  spec ies  r i chncss
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fo r  smal l  wc t lanc ls  w i ls  no  grca tc r .  and somct in rcs
lttuch less. than firr Mifden cvel though the
smallcst \\,ctland ntonitoreci had lvc tinles thc
sur face  arca  o f  Minc lcn  (Br iggs  1977:  Whi rc  l9E7;
Ambrosc  und Frz io  1989) .  Thc  Minden cont -
m t l n r l )  i s  n t t r e l t  r i c l r e r  l l l i i n  t h e  c , ' l l | n t U t ) i l \  r ,
l l t t g , . .  . l e .  P  r ( . \ ' r \ ' , ' i r .  r r . ; r r  W , ' l l , ' r r g u n g  i r r  N c u
South  Walcs  (Horvar th  and ( i lan t  l9 f i2 ) .

Mindcn was cons is tcn t lv  uscc i  bv  watc rb i rds
w  r l h  n ( \ ' e r  l c . s  t h r r r r  r h r e c  s p t .  i c . ,  r r  I ' 5  i n , l i r  r J u r r l r
in counts. The diversc range clf ntolc rtr less per-
rnancnt  aqu i t t i c  and sh i t rc l ine  hab i t i r t s  cn l ranccs
l1s  a t t rac t i vcncss  to  a  range o f  watc rb i rds  (e .g .
. e .  B r : r i t h r t : r i t r '  l , r - 5 ) .  I - l u ,  t r l i t i , ' l l \  i  u i r t \ ' r
levels proclucc a diversitv of tcntporary habitats
l i r l  u 'a tc rb i rds  (Bra i rhwa i rc  1975:  Wel le r  1978;
ISriggs l98l ) and production of t irod organisms is
L ikc ly  to  n in ic .  a lbc i t  on  a  smi r l l  sca lc .  tha t
dcscr ibed by  Crome (1986,  l98 i l )  cvcn  though thc
darn  never  en)p t ies  be twccn rcp lcn ishmcnts .  The
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dan also has a moderatc amount of shcltcr, with
surrounding mature trecs partially screening
ncarbv residentiir l devclopment and providing
roos t ing  and ncs t ing  s i tcs .

Fttt'tors i nJluent'in g weterb i rd nu ntbert

An exp lanat ion  fo r  the  dcc l ine  in  numbers  o f
watcrbirds during this study is not obvious. Rain-
fall at Marburg (Tablc l) averagccl 77 per ccnt
(range 73 tl ' l ' / . ) of thc annual rainfall for thc
South Coast-Morcton Region (Bureau of
Metcorokrgy 1979 1987) during the l lrst four
ycars and 72 per cent (range 67 77'l.) during thc
krst lbLlr. indicatin€! that other parts ()f south-east
Qucensland nay havc provided alternativc wet-
land hab i ta t  in  the  la t tc r  per iod .  Waterb i rd
numbcrs  may a lso  rcspond to  in land ra in fa l l
(Goddard  er  a / .  191J3t  Wooda l l  1985) .  Annua l
(Jure to Mav) rainfall tbr Warrego. usetl by
Wooda l l  (198-5)  to  rcpresent  in land Queens land,
ircreasecl progrcssively from 5[ per ccnt to 127
per ccnt of its long-tcrm mean over thc first f ive
vcars ef our survcv and tvas i lbout 15 per cent
greater in thc last four ycars tltan in the first four
(Bureau of Mcteorology 1979-lJ7). A key factor
cou ld  have bccn thc  doub l ing  o f  in land ra in fa l l  in
thc year following drought-breaking rain in
r r t t t t tmn l ( )R l .  enh; rnced hy  i rhove- lver i lgc  w i l t le r
rainfall in the following four years (Bureau of
Mctcoro logy  1979 87)  and.  espec ia l l y .  the  per -
sistcnce of thc cffccts of rainfall on sorne water-
bird populations into thc following vear (Briggs
and Ho lmcs 1988) .

F luc tua t ions  in  thc  depth  o f  watc r  a t  M inden
influcnced numbcrs of waterbirds with numbers
of most species decrcasing, and a few increasing.
w i th  inc reasc  in  dcp th .  Wooda l l  (1985)  found no
significant correlirt iotls between danr lcvcls and
numbers of watcrbirds in south-cast Queensland.
The diffcrcnce may arise bcc?rusc our correlations
rvcrc derivecl from counts and levcls nt a sin€lle
dam. whereirs Woodall (l98-5) correlatecl counts
frcm a large survcy arcit with levels at four major
irrigation/urban watcr supply dams within that
arei i ls indicators of regional water availabil ity.
Fluctuations in levels at Minden were dctermined
by rainfall. run-off accession and evaporation.
but irrigation and urban dcmand werc major
additional factors for thc indicator dants used by
Wooda l l  (  19 t . l5 ) .

Correlations of numbcrs of waterbirds with prc-
ceding rainfall largcly agree with conclusions of
Wooda l l  (1985) .  He f i )und tha t  on ly  Dar tc r  and
Picd Cormorant numbers wcrc positively corrclated
with prececling rainfall, whereas wc found signifi-
cant positive corrclirt ions on11, for two other cor-
morants. Howevcr. wc tbund stronger inversc
correlations for Australasian Grebe and Pacific
Black Duck with preceding rainfalt. possibly
bccausc thev could usc smaller ancl shallower
ncarby wetlands - a dispersal which would not
bc  cv idcn t  in  a  rcg iona l  count .

Correlatiorrs with scason are wcakcr than those
found by Gospcl cr a/. (1983) for thc Richmond
Val ley .  Whercas  hab i ta t  ava i lab i l i t v  fo r  water -
h i rds-  i .e .  wr r t , ,  r '  dcp ih .  u i r (  { l ro r rg l i  derc r rn in t , . l
by  seasor  in  thc  R ichmond Va l lcv .  i t  u 'as  in -
dcpcndcnt  o f  season a t  Mindcn dur ing  th is  s tuc ly .
in part bccausc scasonal rainfall varicd several-
[old between years (Tablc 1). Whilc specics suclr
irs Australasian Grebe, Whitc-faccd Iieron and
Pae j f i c  B l r rck  Dr r r ' k  r r r t  rn ' r (  nun)c r , ru \  in  u in t r ' r .
and the cornlorants in summer. the numbcrs of
rcmain ing  spec ies  are  re la t i ve ly  inc icpcndcnt  o f
scason a t  Minden.  Th is  imp l ics  tha t  cor re la t ions
of numbers of watcrbird spccies with scason at
Mindcn may tre influenced by local rrovcmcnt in
responsc to scasonal f looding and drying of
ncarby temporarv wetlands as discussed in the
previous paragraph.

Mindcn is suitable for cormorants onlv whcn it
i s  e l r ' . e  t , r  f u l l  a n d  t h e r  w c r c  n C \ ( r  r r h l t . t , r  r r r e  t h e
sha l low ccn t ra l  and so i r thern  sec t ions .  Shorc  fccd-
c rs ,  c .g .  herons .  cgrc ts ,  do t tc re ls  and B lack-
w inged St i l t .  a rc  dcpcndcnt  on  reced ing  watc r
lcvels to create feeding habit?rt. In contrast, thc
Dusky Moorhen ancl Eurasian (loot wcre able to
usc thc dam through the full range of conditions
observcd.

('han-qcs in nunbcrs of Cattlc Irgrcts in south-
east C)ueensland wcrc analvscd bv Wooclall
(  1986) :  thc  popu la t ion  l tas  cxpanc lcc i  r i rp id lv  s incc
thcv  l i r s t  i r rc t l  in  1963 (Conc lon  1975) .  Nunrbers
r r rounc l  Br isbanc  changcc l  l i t t l c  hom 1972 to  l9 l l3 .
b l r t  lu r thcr  in lanc l .  e .g .  in  thc  a rca  arounc l
Mindcn.  numbcrs  inc rc i i scd  cxponcnt ia l l !
(Wooda l l  1936) .  In  con l ras l .  our  resu l l s  l ( ) r  1979
to 191i7 (' l 'ablc 2) sr.rggcst numbcrs at Minclcn
u (  r .  r (  l i r l i \ r ' l \  ' t : r l r l t .  T h i '  d i i l t  r t  n i ,  r r r r ^  : r r i . t '
bccar.rsc Wooilall ( lgti(r) bascd his conclusibns on
( ' n c - d i r )  c ( , u n l :  \ \ h e n  t h c  c t r ( t \  \ c r (  n ) , ) \ i  E  l r ,
cs tab l i shcc l  b rcc t l ing  grounds whcrcas  thc  Mindcn
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counts encompassed a secondary roost 20 kn cast
o f  a  s tab lc  b rccd ing  co lonv  (MaKi l l igan  1987) .

Thc surYe,v rcsults rcflcct conditions in thc
surrountling district as tvell as at Minden clarn.
We suggest that thc many invcrsc correlations
bctween rvaterbird numbcrs and depth imply that
Minrlen is functioning as a district refuge as wcll
; r r  Pr i r t t r r  I ) i r l r t t : r l .  l t  hecUmc\  n l t ) r (  l r t t l l r c t i vc  l , r
thosc birds that nccd moderate water clepth as
$atc r  l cvc ls  rcccdc  in  ncarby  sha l lou  danrs  anc l
tcnrp( ) ra rv  su l rmps.  Whi le  the  c iua l  ro lc  cnsurcs
t l la t  thc  \ \ 'a tc rb i rd  popu la t ion  is  t l i vc rse .  thc  ro lc
u i l l  on ly  coDt inLre  as  long as  thc  d ivc rs i tv  o l '
l l qur t i c  l la t r i ta t  i r t  M indcn and ncarby  is  rc ta incd .

Sincc this stuclv rvas corllplctcd. cokrnization of
the main cllnr bv Watcr I Iyacinth Eichltorrtiu
onsrip<,s has exclLrclecl nearly all waterbird species
( G .  J .  L e a c h  l n c l  I L  B .  I I i n e s .  u n p u b l .  d l t a ) .
Once thc Wotcr Hvucinth is controll.^d. t ltc aquatic
i rn i l  shorc l inc  hub i ta ts  cou id  bc  cnhanccc i .  P lan t -
ing  r rc l t i i t i ona l  k rca l  na t ivc  t rccs  wou ld  hc lp  to
scrccn /shc l tc r  thc  dan anc l  rep lace  cx is t ing
n l r tu rc  t rccs  i l s  thc \  d isappear .  Rura l  rcs ic lcn t ia l
dcvc lopment  in  the  v ic in i tv  u ' i l l  i nc rcasc  d is tu rb-
ance anrl acccntLLatc predation frorn clt lmcstic
an imals .  Munagernent  to  ma in ta in  hab i ta t  d iver -
sitv lrncl clccrcasc' prcdltion ol sholelinc spccics
wi l l  t rcconc  inc rcas ing l f  impor tan t  as  l tun tan
v is i ta t ion  and res ident ia l  deve lopmcnt  inc reasc .
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