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EFFECTS OF DAM SIZE ON WATERBIRDS AT FARM DAMS
IN SOUTH.EAST QUEENSLAND

G. J,  LEACH
I , .O. Box 56E. Kcnmorc, Old 4069

Re(dved l6 Odoho.. t9r)2

Walerbirds were counted on 10 farm dams (1.2 to 25 x 103 m2 maxlmum sunace area) In
::"rtl-^:11,9,r,":l:lq!d 

on^20 days from May ig8o rhrough October i982. Dams were 1o to 30 years
oro sevenreen spectes (3 960 observattons) of open_water birds and l4 shoreline species (224 objerva,lrons) were observed N,40re than 2.3 individuars of each ol Austrarasian Grebe, pacific Brack Duck,Grey Teal, Hardhead and Eurasian Coot were observed per aa. peiJay, Uri-on/y 0.3 individuals ofBlack-winged Sli l t ,  the most numerous shorel ine species.

Number of species increased l inearly^with logarithm of maximum surface area ot dams, tmplyingthat a maximum area of al teast 1oOO0 m, was n;cessary to consistentty itilJi mos or tne commonwaterbird specres or rhe regron and rhat few addit ionar sp;cies occuned !s area exceeded j  o o0o mr.r\umoer or Inorv ouats Inc-reased l inearly with increase in maximum surface area; one individual wasobserved for each 260 m2 of maximum water surface. Numbers of species were also correlated, lessstrongly, with maximum depth.

INTRODUCTION

Sub-coastal southern Ouecnsland and northcrn
Ncu'Sor.rth Wales havc I rich diversitv of water_
h i r r l .  ( t r o . p c r  l , r N l :  W o o , l i r l l  1 , r 9 5 ;  L e a c h  r r n d
Hines  l9 i l7 ) .  Thc  r i chness  o f  one dam,  Minden
Dam. was attributed to both the diversity of
r tq t t r t ie  h i rh i t r r t  r r l t l  i t .  l r l r i l i r y .  th rougf i  pq lp ;1n ,1n . . .
1 , ,  luna l t i ,n  i r : . r  [ ' ea l  r t fuge when ncarhy  {h  l lowcr
dr rn \  i rn ( l  ep l remer l r l  s r r r rnp :  d r jed  lLe l rch  l rnd
Hines 1992). Minden Dam was cxcavated over
l , { l ( l  y ( - i t r \  i rB . )  lo r  cummuni rv  nccds .  Ml rny  fa rnr
( l i t lns  l l l  : ( ) l l l h -eJ \ t  QUe t  n r l ln r l  l r re  \m i r l lE r ;  mos l
are lcss than half its agc. Furthermore. farm dams
arc usuallv in grazed paddocks, with l ivestock
havlng unrestricted acccss. These factors may
l im i t  thc i r  va luc  as  waterb i rd  hab i ta r  (e .g .  se i
Bra i thwa i tc  1975) .

The main ain of this study was ro oerermlne
the irrf lucnce ol size of farm dams on their water-
I t i rd  n , 'pu la r io r r . .  A  suhr r t l ia ry  r r in r  wrs  t , ,
detcrnrine whcther ncwer farm dams attracted as
r ich  a  watc rb i rd  fauna as  Mindcn Danr .

METHODS

Warerbirds on t0 tarm dl lns lv i th i r  l2 knl  of  MiDden.
south casl  Queeensland (17'33'S.  151.33,E) wcrc nrcnirored
(Table l ) .

Dams $cre fcprcscnlal ive oI  many ncwly conslructcd.  or
\ u l \ l . , n r i . r l l \  c n l : , r t ( J  $ r r h  . , v : r i t  , t , i t . l ]  u t  h u l l J u , , ( | \  t r , , n r  r ' , r d r
l ( ) s n  A l l  $ c r c . " ,  c * i ' . l L  I n , m  m i n . r r , , , i , r t .  S r \  |  M  I  r . ,  \ 4 , , ,  s (  r (
in lhc 11) '  Cr id Squrfc ccnlred on Marburg anr l  the rcmainr lcr
( l - l  to L. l )  in  drc one tu lhe rvcsr .  cncompassing Laid lc l .

Cl imalc.  soi ls .  vcSetat ion ard land usc of  lhe M rburg
dis l r ic l  arc descr ibcd bl  Lcach and Hincs (19S7. 1992):
Br ic l l r ' .  c l inr l rc  i \  sub rropical  $, i rh 70 per ron( of  rhc 7lJ0 mm
mcan rnnual  ra in i r l l  fa l l ing in Oc()bcr through March.  Thc
lcr t i lc  chv soi ls  which occufy lnuch ol  rhe lar( t icapc or ig inal ly
. u l f n r r . \ i  \ o f r $ , \ ' J  .  U n  \ L  ! < l . r r r . n  l . r r r  i r  h  s  n r , * 1 1 f  ' . g g n
cr( '  r rd I r r r  pr \ r { t r ( \  i ind ( t  l ) \ .

_ . T h e , i r n r .  
$ . r c  ( \ ( ' . r ! J l c ( t  t , ,  r u . r t ,  \ c i , r \  h c t , , i (  t h c . u i ! ! . ) .

I n (  t  L t : t  t s w c r (  r t r , u r  l t ) ! c i  . n t , , t c t c L c n l r l t , r  . V  r l i l m \
ard lheir  carchmenls a lso includcd grerrcr  proporrrons or
in ler l i lc  solodic soi ls .  Carchmcnls wcrJ lnost lv  pasturcs grazcd
b,v cnt t lc  and horses.  prccluding developlnent  o i  shorc l inc
ve! !etr t ion.  Trces wcre sprrse.  I_ l  abut led woodland and M5
r l i rs  in a stccp s idcd gul l l .  cnsur ing somc shcl lcr .  t lu l rush
I / ra sp.  cove rcd onc rh i rd thc arca of  L l .  I_4 \ r rs atways
r l r h i r l  I t , ' r n  r l l r l  i r r , u . p . n s r o r r .

' Ioral  fa infa l l  dur ing thc survc_v (2 102 rnnl)  \ Ias: t  pcr  cenr
rbove avcragc and depth of  rvater  in dams r lwavs cxcceded
: lo pcr  ccnt  of  maximun dcprh.  which was v isual ly  cst imared
to lbc nc rest  mctte

Bi lds wcrc counled LD cach di lm on 20 dals f rof i l  May l9g0
through Oclobcr 1982. Counrs wcre at  , l  lo  I l -wcekinterv ts.
Ml  n)  M6 wcrc counted berwecn 0735 and i050 h nnd Ll  ro
I-4 bctween l0 l5 and l5(X) h.  Most  counls were complercd
wrthln 5 mins.  Vcrnacular  lnd scicnr i l ic  namcs lb l low schodde
?t al. (1918).
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TABLE 1
Maxinlum suf face arca i lnd maximum dcpth of  dams ald land

u . r  i n  r h c r r . r l r h m e n t :

Danr

Mrxinlunl
Area - depth

X I(|  m m Catchnrcnl.,  Rcmarksr,

2.5
1 .1
l .  f i
7 . lJ
) . 7

1 5 . 0
L l

I  t . l
7 . 5

P T
P ' r
P T
P + C  T T
P T T
P I-I
P T
P S C
P T
P ' f

M I
M2
M ]
M 1
M 5
M6
L I
I , ]
L]
I , 1
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Moorhcn and Eurasian Coot were obscrved on
all days and anothcr four specics on ovcr halt of
them. No shoreline speciei was present on all
days or at all dams. but Whitc-faced Hcron,
Royal Spoonbil l and Black-winged Stilt were
obscrved at both morc than half the dams and on
morc than half of the days.

The mean number of individuals per dam per
day excccdcd 0.5 tbr eight opcn-*ite. species,
and exceeded 2.0 for f ivi of them (Table'2). In
contrast, the highest mean for a shorcline species
was 0 .31  (B lack-w inged St i l t ) .

From 5-12 open-watcr species, and 3-l I shore-
line species. were obscrved at cach dam (Table
3). Two to six open-wirter species, but usually no
shoreline species, each contrihutcd -5 per ccnt or
morc of the individuals at cach dam. Dam M6
attractcd eight or more open-water specics on
seven days and nevcr less than five. In contrast,
the four smallest dams attractcd nil to four open-
watc r  spcc ies .

It took 12 20 counts to obscrve the full
complement of species for cach dam, with indica-
l ion . r  Iha t  acccss ion , ' l  spec ics  wJs  c ( )n t inu ing
even after 20 counts at thrcc 'L' dams (Fig. 1).
The nunber of species reachcd 90 per cent of
thc i r  cvcn tua l  to ta l  on  the  two la rges t 'M 'dams
three counts earlier, on average, than on the two
larges t  'L 'd rms.  Numbers  o l  opcn- \ \a tc r  \pec ies
reached 90 per cent of thcir eventual total f ive
counts ahead of attainment of the same proportion
for shoreline species.

Dams M2, M4, M5 and M6 supported more
individuals whcn watcr lcvcls wcrc fall ing in the
first year than through summer-autumn of 1981-
1982 when levels rose. Numbers on M2, M6 and
L3 increased substantially when levels fell in
w in te r  1982.

The mean abundance of open-water individuals
was highest on M6 and lowest on Ml (Table 3).
The largest count was 238, on M6. In contrast, no
more than 25 individuals were seen on any day at
five dams. Mean numbers of shoreline individuals
vaded from 0.2 3.9, with never more than 10 at
a  dam.

Similarity Indices for all pair combinations of
dams M2, M4, M5 and M6 were high, with M4
and M6 most similar (0.78). In contrast, M3 and
L4 had lowest similarity (0.27) and M3 had low
similarity with all other dams.

"P- pasrurei  C Clul t ivnl ion.
"Vcgclat i ( r r  wi th in 50 nr  of  dr lns i  c ludcd sparsc rrees (T) or
open c lLrmps (TT) of  mainl_v,1.d.r r l  spp.  orher rhan Br igalo*,
A(a(n harpophrllu. or opcn Spo$ed Gr:m Euulr us
, ,d.r1at . r  woodhnd (SC).

Anal_vses were conf incd to x, . i r . r r i ld  spccics.  i .c .  excluding
Ci l t l le  E.qret .  Masked I -apwing and Plumed Whis l l ing-Duck
u h r . ) r  . r r c  p r r , l , ' m r r r r r r t l r  t r r r r , r r l a l - r , r J r , l g . p c L i c s

Sinl i lar i lv  Indiccs (Sl)  were calculated using thc formuh:

Sl  = 2cl (a + b) .  whcre r '  is  the numbcr of  species on onc
d i l m .  b  t h e  n u n r b c r o n  a n o t h e r a n d  c  t n e  n u m o e r c o m m o n
to both.

Corrc l i t ioo and regression analvses were used to cxamlnc
rc lat ions of  runrbcrs of indiv iduals and spccics of : r l lwaterbi rd
spccies.  and lheir  const i tucnt  open-water ind shorel ine
spccics.  to dam sizc (maximum surfacc arca and maximuDr
depth).  Log:rr i thnl ic  l raDsformat ions were also analysed,
bccausc spccics xrca re lat i ( )ns are usual ly  logar i thmic (Krebs
l9 l {5) .  Observat ions f rom thc nor lhcrn (main)  sect ion of
Minden Dam (Leach and Hincs 1992) were used in some

RESULTS

Thirty-onc spccics of waterbird (4184 observa-
tions) and three terrestrial-feeding species (35136
observations) were seen (Table 2). Plumed
Whistl ing-Duck was only seen at three dams, but
it was over three times as numerous (3 337 observa-
tions) as Pacific Black Duck, the next most
numerous species.

Australasian Grebe and Pacific Black Duck
were on all dams and another five open-water
species were on six or more dams (Table 2).
Australasian Grebe, Pacific Black Duck, Dusky
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TABLE 2
The rumber of  dams xnd day, i  on {h ich a spccics was obsercd ancl  meaD numbcrs ol  b i rds () f  each

spectcs pcr dam pof  dav.

Da]'s sL.
()pu)rut.r spctit,\'

 u \ l raLrs iun Grcbc
ALrst fa l i ln  Pcl icrn
Daftcr
Li t r lc  t lhck Cirrmorrnl
I - i r lc  Pied Ci)rnoranr
Wa dcr ing Whist l ing-Duck
Ehck Swan
I 'aci l ic  Black Duck
CircJ-  Tcal
Au\ l ra l : rs i rn Shoveler
Pink-crrcd Duck
Hardhead
Manrd I )uck
Ci) t ton Pigrnv Coosc
t)uskv Moorhcn
Durasian Coot
Comb-crcsled J i tc lnr

Shortlint :pet ics.

Paci l ic  Hcron
Whi le- faccLl  Heron
Crcat  Egrel
Intcr lncLl i r lc  Egrct
Clossy Ib is
S a c r c r l l b i s
Stfau ncckcd Ih i \
R o v r l S p o o n b i l l
Yc11,N-bi l led Spoonbi l t
I \ r rp lc Sramphen
Rcd knccd Dol tcrc l
Black 1r)n led Plo\cr
BLrck win{cd St i l i
LLt lh i rm s Snipc

() Iht t  |1(n(st /k kc l in l l )  :pt t i$
(  arr lc  Egrcr
I ' lumcd Whist l i  g Duck
MLrskcd Lap" ing

1u
2
I

il
l
2

t ( l
,1
I
2
5
l
I
IJ

l

3
fl
l
7
I
5
1
I
5
.l
l
5
7
l

,7

3
1

20
1
I

l 5

I
I

20
1 9
2

t ( ]
I

20
2l)
t 0

0 .0 i
0 {1115
0.6()
(1 . l a r
0 .05
0.02
5 .03
l . 5 l
{ i .0: l
0 .  r 5
2 .33
0 .s l
{1.005
t ) 9 /
1 .17
0.{)7

0 .03
0 . l l
0.03
0.07
0.005
0.01
0 . l  l
0.09
0 0 3
u.06
t).07
0. | -'l
0 . 3 1
0.{)6

t.Olt
16 .69
0 . t 7

0 . 1 2
0.03

0 . 0 1
0 .73
0 .81
0 . t ) l
{1.05
{ ) . 52
0 .35

( 1 .  l 7
0 .50
0.02

0 .01
0.02
0 .1 ) l
0 .03

0 .01
0 . t ) 5
0.{) l
u . 0 I
{).01
0 .03
0.03
0.06
0.01

0.:.1
{ ) . 0 I

0.31J
6.0.1
0.t)4

l l
5

I
5
5

l 1
5
8
5

1 { l
1,1
5

l l
l 3

.SE Standard Error  of  Mcan.

Nunrtrcr s of individuals of all \r,aterbird specics,
upen-wi r tL r  \p r ' \ . te \  i rnL l  ,horc l i r rc  spec ic .  uerc
sr l . l r ) r l t r i tn t l \ '  a , , r rc l i t ( (d  w i th  l l | i r x imum sr r r lace
area o f  danrs  (P  <  0 . (D1)  (Tab lc  4 ) .  F rom
92_-9,1 per ccnt of variation was accounted for by
diftercnccs in mirximum alca (Fig. 2). Numbcrs of
shure l i r rc  ind i r  id r r r r l .  werc  : . ign i f i  L .an t ly  r .o r re l r rcd
\ \ r l l l  I n i r x i m l t m  d c p t h  ( P . -  U . { t 5 ) .  h u l  l h t .  l i n e r r
regrcssion atccounted for onty 54 pcr cent of
vanat lon .

Numbers of specics were bcst corrclated with
tn r rx imurn  sur faee l rca  l t l l e r  logar i thmic  t rans-
l o r m ^ r l r o n .  ( m o 5 1 1 y  p  <  { r . 0 0 1 ) .  r l r h r r u g h
coefficients were smaller than corresponding
coefficicnts for numbcrs of individuals (iable,1.
Fig. 3). Lincar regressions on the logarithm of
maxlmum area explaincd 73 per cent and 83 per
cent of variation in numbers of open-water
and shoreline species, respectively. Numbers
ot specles were more strongly correlated with
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M, the  Namoi  Va l ley ,  New South  Walcs  (Broome
and Jarman 1992). evcn though the number of

NUMBER OF COIJNTS

Figutc l. ,lrccrsro, ol nuterbinl spe(ies tn lurcess1ve (ounts
t)l tA) I)u,ts tll lo M.t, (B) Da' s M4 b M6 und Mnld"n
Dunt l l t l , t ) :  end (( )  L l  b 1,1.

maximum dcpth  (most ly  P  <  0 .01)  t l lan  wcrc
numbers of individuals; I inear rcgrcssions had
snrall positive intcrcepts and explaincd about the
sane proportion of variation as those on
lTl xltnum arcil.

Vr r lL rc r  , ' l  (o r re la l ion  coc l l i c ien t r  werc  no l
changed when results front Minden Dam wcrc
includcd in analvses with those from thc prcscnt
surye y.

DISCUSSION

Thc farm dams attracted over 60 per cent of
freshwate r- species secn in l2 annual counts over
15000 kmr of South-east Queensland (Woodall
198-5). or ever nve years in the Richmond Valley
of North-eastern New South Wales (Gosper
19{31). The number of specics was similar to that
obscrved on 'small '  water bodics on the New
England Tablelands (Ambrose and Fazio 1989)
and marginally less than that for water bodies of

counts, or thc area of water survcycd, or both,
were much larger in both surveys than in the
present study. Thesc comparisons confirm that
together the farm dams were rich in waterbird
species. Additionally, some attractcd large flocks
of terrestrial-feeding Plumed Whistl ing-Duck and
Cattlc Egret. possibly only to roost.

InJluence oJ dam size on waterbird populations

Correlations between numbers of species. or
individuals. and dam size wcrc commonly highly
signil icant even though thcrc were differences
betwcen dams in pattcrns of use over the 20
counts, emphasising the overriding importancc of
dam size. Regression analyses suggested one
waterbird individual was observed for each 260 mr
of maximum area in dams. This density is similar
to the maximum (1 individual per 1tt0 m'?) for
'small '  dams on the New England Tablelands
(Ambrosc and Fazio 1989) and at least an order
of magnitude greater than for other dams
(Ambrose and Fazio 1989) and larger lagoons
(Briggs 1977: White 1987). Densities were also
similar to thc avcragc for natural wctlands and
highcr diversity arti l icial water bodies in the
Namoi Valley (Broome and Jarman 1983). but
tive times as large as those for wetlands along the
Paroo River in inland New South Wales (Mahcr
and Bra i thwa i te  1992) .

MAXIMUM SUFFACE ^NEA, M,

Figrrc 2. The relation between mean number of individuuh of
wutetbird species in each coutu (N) and m.Lrimum surface area
(t) ofdans. Tha rcsression N:0.0038A + 5.77 (l = 0.93,
P < 0.001) is shown. Mean for counts at Minden Dam on
the same days (Leach dnd Hines 1992) is loheled'Mn'.

a  " ^

;

g 4

a  2 1

:

5  4 0

- 2 0

o
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TABLE 3
Numbcrs of  spccics arrd indiv iduals obscrvcd ar  each dl In.

t . l L-l

o I ' L \  I \   J  F I I  S P E ( ' I L S

TotLrl  s
Abund rn l  l

5  t 2
.l fi

6.1 .11.8
L t 9  7 . 0 u

1  l 0
0 0

{ l . l
( ) . 1 2

\o. t,l i dtridrnl.':

S E

sH() t tLt  r \ ts  sr , t (  l Is

' l(xrl

No. oJ tndirduul\:

SI I

r 0  5  t 0  E  l l  5. ] - r 5 6 5 1

5 . :
L 5li

7  : t  I  5  l l  I
0 0 0 0 0 I

7
2

3 . 1
1 .06

: . 0  : t  . 1
( i . l |  I  6.1

0.6 t). t  0..1
0 . l l J  0 .29  0 .21

2 4 . 9  1 1  9 0 . 1  ) . 7
5.011 1.51t I i . l -s 0 . l t i

1 . 0  0 . 1  3 . 9  0 . 6
0 .3 :  o . l t )  0 .71  0 . t 0

: . 1
0 6 5

t l
(J.- l t

'Ahundr t  spccics r rc rhosc contr ibur ing 5 per rcnl  or  lnorc indiv i . lLr l ls  orr  cach d In.

,  R r r t t  o f . , l c r r ' \ 5 i  l t  o f  . p e e i , . s  \ \ l \  \ t l r ) n g l y
r ic tc l r r r i r rc r l  h r  r l : rm s i . ,  t . .  gcncr l l l y  rc r rch ing ' , r i r
asymptote earliest at large dams. Siowcr ratis at' L '  d a m s  t h a n  a t ' M  d a m s  o f  s i m i l a r  s i z c ,
indicirtcs that l i tctors suclt as age. catchmcnt
l c r l i l i l \  . l n J  $ i r l r r  l u r l r i L l l l y  m a \  i l t s , )  n i r v e
t n l l u L n ( c ( l  r t r l r . : .  F l . l t r  i t ( ( ( \ s i r , n  ( ) l  o p e n . u i t t ( r
spcc ies  than o f  shore l ine  spec ics  ind ica tes  tha t  the
oams. arc a contlnutng resourcc for thc largc
f , , n u l , r t i l ) n  , ' t  r h e  t i , n n r r . p e . . i e ,  u h i l c  t h c r  r r i e
u : ( J  r ) n l r  i , p p o r t u n i \ l i c l l l )  h v  s l l I r l l  p , , p u l r r r i , r r r .
o l  t l re  l i r t te r

The numbcr of spccies reached al asymptote
at about 22 nt 10 (X)0 m: maximum area, i l thiugh
I l l ( r r (  ( , )un l \ ; r re  requ i red  \ \ i th in  thc  r i lnge  l t )uu t r -
l 0 f ) l ) l )  m r  l r r  s 6 ' , 6 . ' n  t h i .  r < l r t i o n .  E r e n  r h , , u g h
the number of species would probably increase
wi th  ac ld i t iona l  counts .  c .g .  l0  more  wcre
obscrved in all 12{l counts at Minden Dam (Leach
and H ines  1992)  than in  thc  20  counts  inc luded in
Fig. l. the area at which thc number rcaches an
asymptotc mity not necessarily changc.

Incrcase in maximum dcpth mainly correlated
with number of species, presumably providing
more habitats. However. because effects of depth
and alca were confounded. the indication that
daIns shallower than 2 m supportcd few waterbird

spcc ies  was in  par t  a  consequencc  o l  the i r  smal l
: i r c i l s  -  i i  r r c r r r b l  c p h c m c r l l  w (  t l i l n ( l  t h i r t  c , r \ c r \
l ( l f )  h i r  uhen t l , . r , led  i .  r i ch  in  w: r r r  rh i rd  .pec ic .
a l though usua l ly  l css  than I  m dccp (G.  J .  Leach,
unpub i .  da ta) .  The impor tance o f  max imum
depth may also havc been rcduccd bccausc rain-
fit l l  was sufficient to n'taintain watcr levels at.l0
pcr  cent  o r  more  o f  max imum.

High Similaritv Indiccs for scveral pairs of .M'
tlams probably reflcctcd both their larger sizc and
location in tl le ntore ferti le catchments. Huntan
clisturbancc at M3. through krcati<tn l-50 m front
a homestcild and cspecially atTecting shoreline
species. may have contributcd to low sinri larity
with other dams sntall size pcr.re wits not ir
ulalor raclof.

Comparison of farm dums u,ith the long-establislrccl
Minden Dam

The total number of spccics (3,1) observed on
l h c  l a r m  d i r n r s  ( { r ( r  i 0 ' m i  o f  m a r i m u m  w l t c r
surface) in 20 counts was the same as in 128 counts
over eight years at Mindcn Dam (12 x lOi nr,)
(Leach and Hines 1992). The numbcr of species
obserued at Minden Dam on thc same days as the
farm dams were ccnsuscd was the same as at the
ichest farm dams. but there wcrc more individuals
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TABI-E 4
C o r r c l a r i o n r b e r w c r n q i i r € r h i r d p o p u l i t r i o n \ a n d s i z c o f d a n r s .  =  

"

Pfrrson correl i l l ioD cocl . l ic icnts, ,  t  ,0

Depth

Corel la I8(3)

5 000

unxtuuu sunrlce rnel . '

I:\g!rc 3. fh( rcldtion bdr,ce tuk nunht,r ol mwrhitt sptcies
on t:u(h tlutn 6) unrl rhe logarithm o.f nutinum surluce urcu
tA).  T l t t  tq: r ( \s ton S:  5.1ol l t .og, .A 3t .52 ( i  = 05.1,
P <.0.001) i t  shox,n.  i l tunn lot  tounts tu Mintcn Dun on
th? lunt !  lu\ !  t l ,ut :h and I I ints t992) i !  Idb( lh\ l  t \ tn.
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No. ol inhviduals

Al lspecicr '
UPen \ l r tcr  specrcs
Shorcl inc spccic\

I  -ogar i thIns '
( )pen lvatcr  \pecics

Logar i thmrr '
Shorel i  c  specics

L o g a r i t h m s '

.961.  -  ' ,

.  t i  I0+'

. 9 1 0 ' 1 , I

. 7 1  t '

. 3 5 1 .  '

.lt.lll"
9 l : '  ,  .

. 6 { l l

. 591

.7:15'

.7' ,72'+

.772',  "

. 7  t ) '

. '721)'

. l iO r '  -

. l r()()"

" ( i ) e f l i c i e n l s  i i r e  s i { n i l i c a n l  a t  . p  <  ( J . 0 5 1  L . p  <  0 . 0 t r" ' P  <  1 ) . 0 0 1
"(  orr( : l i r t i ( 'n \  $ ' i lh  rhc l (Jganthrns ol  r rca and dcpth.

per  un i t  a rca  (F ig .  2 ) .  Pa t tc r .ns  o f  acccss ion  o f
specics at Mindcn Dam and the largest farm danr
(Mr \ )  $cr r '  . imr l ; r r  {F ig .  I  r  .uggcr i ing  rhar  lo l r
( ' r r \ l ( r t ( (  i r  { l  h l t h t t i t l , l t \ L r { t t \  t . l }  h l r r ' < . . , , 1 1 n 1 ( . r -
acted thc twofolcl dif lercncc in nrixinturn surlacc
rurca . ' l ' hus .  a l though l0 ( lvcur  o lc l  M indcn Dam
L l . ' ( :  n , , l  i r t ( r i t ( l  n l , , r E  \ l L ( . i L \  l \ r ' t  U n i l  ( ) l  s i t m p l i n !
{ , r r ( i r  v  \ l l r \ \ . \ \ )  l l l i i  t h ( .  l t c u c t  l i r r n t  d l  l | . .  i l
i r l l t . r r ' l \  l l l (  t  l i ' t  i r  g r ( i ' t ( l  p r , r l ) ' , l l i i , n , , l  s l l r \ c V . .
i t t  t t r r n  r t i l c c l i r r l . :  J ' n r r . t t n t  d l v c r . i t r  , , 1  r r q u ; i t i e
h l i) it ut s.

('onclusittrt.s tnd inpIiu iorts

Thc numbcr of indivicluals obscrvcd i lt fanl.t
d i ln ls  in  thc  Marburg  D is t r i c t  inc re i i scs  l inear ly
with incrcasc in naximum surfacc arca to at lcasi
30(XX)  mr .  bu t  the  nunber  o f  spec ics  reachcs  an
asvn)p to tc  a t  a  smal le l  i r rca .  A  max imur l  sur face
arca  o l  a t  l cas t  l (1000 mr  when fu l l  i s  needcd tc r
suppot t  thc  r la in  loc l l  spcc ics .  Max in tum depth
was lcss  impor t rn t  fo r  number  o f  ind iv idua ls  than
r rc l .  poss i t ) l \  bccuusc  ra in [ r l l  ma in ta inc i l  h i -qh
$ i l t c r  l cvc ls .
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