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SUMMARY

Five subcatchments in the Donnybrook Sunkland were
moni to red  to  assess  the  e f fec ts  tha t  c tear ing  na t ive
fores t  and p lan t ing  rad ia ta  p ine  produced on  s t reamf low
and water  qua l  i  t y .

Increased streamflows were recorded follor,i ing
c lear ing  and p lan t j .ng .  However  /  no  s ign i f i can t  changes
were  found in  water  qua l i t y .



INTRODUCTION

The Donnybrook  Sunk land p lan  ta  t  ion
progranne invo lves  the  convers ion  o f
60  OOO ha o f  Iow qua l i l y  and d iseased

)ar ra l l  (Eucafgp tus  narg  jna ta  Sm.)  fo res t
t o  r a d i a t a  p i n e  ( P j o u s  r a d i a t a  D .  D o n . )
p lan ta t ions .  The area  conta ins  a
cons iderab le  water  resource  (Sad ler  and
F i e I d ,  1 9 7 5 )  w h i c h  i s  c u r r e n t l y  u t i l i z e d
to  on ly  a  l im i ted  ex ten t .  However ,
g rea ter  use  o f  th is  resource  is  an t ic ipa ted ,
there fore  i t  i s  inpor tan t  to  de termine
what  impact  the  convers ion  to  p ine  has  on
the  quant i l y  and qua l i t y  o f  the  water .

McKinne l l  (1976)  repor ted  lo tv  sa l in i ty
leve ls  in  s t reams dra in ing  the  Sunk lands .
Fur thermore ,  there  h ,e re  no  s ign i f i can t
inc reases  in  s t ream sa l in i ty  where  fo res t
had been conver ted  to  pas ture  or  k i l led  by
d isease.  However ,  ana lys is  o f  cores  f ron

a dr i l l ing programme in the Apost les
Brook Catchnenl indicated the presence of
locaLized concenCrat ions of  sa l t .

Consequent ly ,  a  shor t  tern catchment
study was comrnenced in 1975 to deterni.ne
what impact the conversion of native
forest to pine had on streanflow and
water  qual i ty .  This  paper  repor ts  the
resul ts  of  three years rnoni tor ing of  f ive
subcatchments at  var ious stages of
conversion lo pine in the Apostles Brook
Catchnent .

Topography and soi ls
Topography in the Sunkland is gently

undu la t ing  w i th  s lopes  ra re ly  exceed ing
3 degrees .  va l leys  are  broad and sur face
dra inage is  s low.  S t reams are  main ly
broad watervJays ,  w i th  inc ised s t ream beds
developing only low down in the drainage
sys tens ,  The so i l s  a re  la te r i t i c  a rave ls
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FIGURE I: Apostles

lnse t3  loca t ion  o f

Brook Catchment, sho$ring subcatchment boundaries.

catchment .



on the ridges with clayey sands on the
slopes.  c lose to the dra inage l ines soi l
textures are heavier  and the depth to
c lay is  reduced,  Bores in  the area
indicate the st rata are d iscont inuous and
vary considerably  in  th ickness over  shor t
d is tances.  This  complex i ty  resul ts  in  a
range of  aqui fer  types wi th var ious degrees
of  conf inement .

METHOD

V-notch weirs  were es labl ishe:  in
st reams of  f ive subcatchnents (F ig,  1)  in
1975.  Methods of  wei r  construct ion were
those out l ined by Herber t  and Ri tson (1976)  ,
although the shape of the valleys
generally required long enbankments each
side of  the weir .  St rean stage heights
(head of water above the botton of the
V-notch) were measured initiauy vrith staff

-gauges graduated to O.1 run and read three
! i *es weekly .  In  1976 Leupold and Stephens

type F recorders were instaued on three
of  the weirs .  The calcu lat ions re lat ing
stage height  to  s t reamf low are out l ined

by Herber t  and Ri tson (1976) .

Water sanples were collected from the
weirs  in  1975 and 1976 at  for tn ight ly
in tervals ,  and in  1977 at  weekly  in tervals .
ALI samples vrere analysed for electrical
conductivity. Sarnples were analysed for
pH in 1976 and 1977 and for  ch lor ides in
L977.  Analyses for  turb id i ty ,  n i t ra te
and phosphate were carried out on montbly
sanples,  us ing the methods descr ibed by
H a t c h  ( 1 9 7 6 ) .

Rainfall was estimated from seven 5
inch (127 mn) s tandard ra in gauges.  These
were located in forest openings to avoid
ra infa l l  in tercept ion,  and s i ted randomly
within the Apostles Brook Catchment-
cauges were read three t imes a week and the
readings were supplemented by pluviograph
neasurements taken at the mouth of the
catchment.

The stage of development in conversion
to pine at each subcatchment is shown in
,LADIC T .

Water  y ie lds and
plantat ions at

TABLE 1

stages of development i.n conversion fron native forest to pine
five subcatchments in the Donnybrook Sunkland from 1975 to Lgjj

* Yield expressed as a percentage of the annual rainfalf in nm

N,A.  = not  avai lab le.

Subcatchment. Developnent stages

Water  y ie ld

(mn) (per  cent*  )

L97s

L97 6

L97 7

I
2
.5

5

I
2

5

1

3
i

5

Nati.ve forest
Cleared and planted
Nat ive forest
Nat ive forest
Not  Insta l led

Nat ive forest
1- and 2-year-o1d pines
Nat ive forest
Cleared
Nat ive forest

Nat ive forest
2- and 3-year-old pines
^ lat ive forest
1-year-o ld p ines
Cleared

t 2 6 . 9
' 1 1  ?

1 6  . 9
N .  A .

L 9 . 2
4L.2

o
o

4 B  . 8

3 1 .  6
5 2 . 4
6 . 6

8 3 . 1
110.  5

9 . 4

3 . 7
2 . O

N .  A .

5 . O
o
o

6 . 6

6 . 3
o , B

10 .o
1 3  . 3



TABLE 2

Major  ra in fa l l  events  in  the  f i ve  subcatchnents for  1975 to L977

TABLE 3

Runoff characteristics in the five subcatchments
following Ewo heavy storns in L976 and 1977

RESULTS
Compar ison of  water  y ie lds f rom the

f ive subcatchments was d i f f icu l t  because
of  var ia t ions in  pat terns of  ra infa l l
d is t r ibut i .on and annual  ra infa l l  over  the
lhree years of  the study,  and d i f ferences
in runof f  charac ler is t ics c f  the sub-
catchments (Tables 2 and 3) .

A n n u a l  r a i n f a l l s  w e r e  9 4 6  m m  ( 1 9 7 5 ) ,
7 3 9  m n  ( 1 9 7 6 )  a n d  8 3 1  m m  ( 1 9 7 7 )  :  a t l
vrere well below the annual average of
11oO run. A large proport.ion of the annual
raj.nfall and runoff was produced from a
fev, r  ind iv idual  s torms.  Two indiv idual
s torns j .n  each of  1976 and 1977 produced
21? of  the annual  ra infa l1.  There was
wide var ia t ion in  the percentage of  the
annual runoff produced from these storns
in the subcatchnents.  In  1976 the
percentage of  the annual  runof f  ranged
from 193 in  subcatchnent  I  to  5ZB in
subcatchment  2.  A s i .mi lar  range of  y ie lds
occurred in  L977 (Table 3) .

This  d i f ference in  subcatchrnent
behaviour  pxecludes the use of  mul t i -
catchment  analys is .  However,  subcatchnent

11 which remained uncleared throughout  the
study per iod,  prov ided a contro l  for  a
before/after conpar ison with subcatchnents
4  a n d  5 .

Subcatchments 11 2 and 5 produced nore
uni form runof f  data than subcatchments 3
and 4.  No f low was recorded fox sub-
catchments 3 and 4 in  L976 (see Table I )  .
There were increases in  percentage runof f
imnedi.ately following clearing in
subcatchrnents  4  and 5 .  In  1975,  p r io r  to
clear ing in  subcatchment  4,  the water  y ie ld
f rom th is  subcatchment  was 21g of  that
f ron subcatchment  I .  In  1977,  one year
after clearing, the conparative runoff fron
subcatchnent  4 was 2638 of  that  f rom
subcatchment 1. Subcatchment 5 followed a
s imi lar  pat tern3 the pre-c lear ing runof f
in  1976 was 2549 of  that  f ron subcatchnent
I ,  compared wi th 35o? af ter  c lear ing in
I977.  This  represents a d ispropor  t iona te
increase in  runof f  fo l lowing c lear ing.

Subcatchment  2,  which had been c leared
previously and was under pine for all the
study per iod,  shov, /ed consis lent ly  h igher
runoff yields than subcatchment 1 under
nat ive forest .  However,  i .n  the absence of

Year
Minimum period for Nunber of Average

5OE of  annual  ra infa l l  ra in fa l l  ra in /event
events (mn)

Days Per iod

1 9 7 5

L97 6

L97' t

3 4  2 7 / 6  -  3 L / 7  8  4 o . 7

78 3t /5 -  L6/8 19 I9.4

6 6  7 / 6  -  L 2 / B  2 3  t 8 . l

Year
Rainfa l l  as Percentage of  annual  runof f

percentage of in each subcatchment
annual  to ta l

1 3 54)

r97 6

L977

2 L 1 9 5 7 0 0

2 L  1 9  5 4  3 3  4 3

2 2

20



o
the

pre-c lear ing  da ta  the  y ie ld  d i f fe rences
cannot  be  spec i f i ca l l y  a t t r ibu ted  to  the
ef fec ts  o f  c lear  j .ng .

Water quality
Elec t r i ca l  conducL iv i ty  (a  neasure  o f

to ta l  d isso lved so l ids )  and ch lo r ide  ion
concent ra t ions  were  low in  each o f  the  f i ve
subcatchnents and showed no consistent
re la t ionsh ip  w i th  the  s tage o f  p lan ta t ion
deve lopnent  (Tab le  4 )  .  However ,  h igher
conductivity levels appeared to be
assoc ia ted  w i th  the  subcatchnents  tha t
were lower in the landscape.

Nj.trate and phosphate levels in runoff
water  were  be low detec tab le  leve ls  (O.o2
ppn n i t ra te  and O.OO1 ppm phosphate) .
Turb id i ty  leve ls  r re re  be low l  NTU un i t
(us ing  fo rmaz in  s tandards)  (APHA,  1976) ,
and the  water  was c lassed as  non- tu rb id .

There  r re re  no  narked d i f fe rences  in  pH
levels betvJeen cleared subcatchments and
those under  na t ive  fo res  t ,

DISCUSSION
The results showed that the

establi.shment of pine caused an increase
in strearnflow but no degradation in water
qual j . ty .  Increases in  s t reanf low fo l lowing
clear ing have been at t r ibuted to decreases
in evapotr anspi r at ion and rai.nfall
in tercept ion (Langford and O I  Shaughnessy,
1977)  .  The increases in  s t reamf low var i .ed
wj.dely be'-ween subcatchrnents and could not
be re lated only  to  c lear ing.  Rai .nfa l l
throughout the three years was well below
average and the re lat ive increase in  runof f
following clearing couLd be expected to be
greater  i r r  years of  h igher  ra infa l l .

Contrary to  expectat ions,  no f low was
recorded at subcatchnent 4 following
clear ing.  This  resul ted f rorn the c lear ing
windrows t ravers ing the dra inage l ines
thus i rnpeding f low.  This  increased

I,leighted nean pH levels ranged fron
to 6.2 and ind iv idual  readings reached
e x t r e m e s  o f  4 . 3  a n d  6 . 7  ( T a b l e  5 ) .

TABLE 4

Weighted mean conduct iv i ty  (Us.m- l )  and chlor ide
concentrat ions (m9.1-  I  )  in  runof f

N.A.  =  no t  ava i lab le

TABLE 5

weighced nean pH (and range)  o f  runof f  water ,
L976 and L9'17

Year Paraneter Subcatchment

1 2 53

L975

L9'16

L977

r97 ' l

Conduct iv i ty

conduct iv i ty

conduct iv i ty

chloride ion

3 9 . 5  4 0 . 4  4 1 . 8  3 9 . 1  N . A ,

32 .2  32 .2  No f low No f low 34.8

3 2 . r  3 5 . o  3 1 . o  2 6 . 7  4 L . 4

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

Year Subcatchment

I 2 3 5

L97 6

L977

6 . 4 No f 1or,, No flow 5 . 8
( 5 . 6  L o  6 , 2 )  ( 6 . r  t o  6 . 6 )

6 .  t  6 . 4  6 . 2  6 . 8  6 . 2
( 5 . 6  t o  6 . 6 )  1 6 . 2  t o  6 . 6 \  ( 5 . 9  t o  6 , 7 )  ( 6 . 1  t o  6 . 9 )  ( 4 . 3  t o  6 , 3 )



in f i l t ra t ion and resuLted in  s t reamf low
by-passing the wei.r.

The st rean conduct iv i t ies vrere low
(wel l  be low the upper  t imi t  o f  28o ps 'm- l
for  low sal ine water  (Harg '  19?4))
irrespective of the condition of the
subcatchnent ,

The exgremely low levels (or absence)
of  n i t ra tes and phosphates in  the runof f
is consj.stent with the very low nutr j.ent

status of soils in the Donnybrook Sunkland.
The naintenance of  p ine p lantat ions on
these soi ls  requi res large inputs of
n i t rogenous and phosphat ic  fer t i l isers.
Without adequate precautions taken with
fer t i l iser  appl icat ion,  n i t ra te levels  in
the water  nay increase.

Turb id i ty  levels  were surpr  is ing ly
Iow when the extent of soil disturbance
in c lear ing and prepar ing the ground for
p lant ing is  considered.  This  is  probably
a ref lect ion of  the sandy nature of  the
soi ls  ut i l ized for  p ine p lant ing.

To overcome the def ic ienc ies of  these
subcatchment  s tudies '  and to min imize the
inf luence of  var iab i l i ty ,  the research is
being extended to include large
representat ive basins.  These basins,
approximately 25OO ha each, are located
in proposed future p lanlat ion cel ls .

CONCLUSION

the  conc lus ionf r r r r  D L u u )  r u P P v r  L p

reached by McKinnel l  (1976)  that  gross
changes in  the vegetat ion in  lhe sunkland
would cause only mininal change in
st ream sal in i t ies.  Increased st reamf lows
can be expected to follow clearing of the
nat ive forest ,  but  the magni tude cannot  be
determined f rom th is  sLudy.  No degradat ion
in water  qual i ty  takes p lace fo l lowing
cLear  ing .
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