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Sum mary 

It is now accepted t hat t he st ab ilit y of the high m ount a in soils and vegeta t ion 
of t h e Austra lia n m a in land h as b een impaired by t he ,-a rious forms of land use 
which h ave been carried ou t in the past (gruziug, and in places engineering, t ourist, 
and forest ry act iv it ies ). The presen t t rend of soi l a nd vegetation de,·elopmen t , 
h owe, ·e r , whe t her up. d o"·n. or stable . is not so clear . This problem of soil a nd 
vegeta t ion trend as d istinct from condition is examined by u s ing a var iety of 
methods , som e interpretat i,·e an d som e exper im ental, w ith respect t o each of th e 
land units wet sclerophyll forest. subalpine "·oodland, sod tussock grassland, tall 
nlp ine he •·bfields , short a lpine herbfie ld, fj aeldma rk, heaths, b ogs, and fen . The 
~ i tuation is a complex one in which cer tnin u nits o r par ts of t h em are tending to 
s tabilize wh ils t others nre con tinu ing to ge t worse; th e n a ture of t he t rend in each 
case d epends on t he se,·eri t y of t he natu ral em·ironmen t, t he natw·e of land use 
both past and present, and t he exten t to wh ich a part icula r unit is affected by 
changes induced in ot her units wit h which it is associated hydrologicall~- . 

E xamina t ion of typica l sequence.;; of unda maged a nd damnged land units in 
the a lpi ne, s u balpine , and u pper montane tracts em p hasizes (i) th e mut ual 
d ep end ence of one unit on anot he r , (i i) t he existence of t he t ren d towa rds more 
rapid run -off o f p rec ipitation and d epletion of available soil moisture, wit h (iii ) 
nccolcrated soil mo,·em en t d0\n1slope t owards t he s malle r and even t ually t h e 
la rge r stream s . The d irection o f m os t of t h eso changes can b e a ltered by ch anges 
in la nd use a lone, b u t o t her s, p a r t icularly t h e late ra l and ve r tical e rosion o f streams 
wit.h its subs idinry effec ts. a rc largely irre ,·crsiblo unless a r tificia l soil consen ·ation 
m easu res nrc nlso employ ed . 

Tho nat ure of t hese soil a nd ,·egeta t ion t rends h as a bearing on se,·e ral 
gene ra l p rin c iples in ecology and so il consen ·a tion . In t he fi rs t p lace. soil and 
v egetation t rend s, wh ils t us ually p roceeding in t h e sam e direction. m ay ex hibit 
non -pa ra llelis m both between differen t a reas and on one and t he same a rea. 
Secondly, t rends in a particu lar lnnd unit m av be ro,·m-sed b,· the impact of t rends 
in another with wh ich it is associated hydr~logically . Thir~ll~· . whilst d owngrade 
t rends con u sually be re ,·ersed e ither immedia t ely or after som e Jag following 
rcmo, ·al of t he disturb in g agen t, se, ·erely or bad!~' d am aged en\'ironments sometimes 
fa il t o r esp ond nnd in these cases t he d owngrade t ren ds. once star ted . may be 
irre \'ersible . In som e inst ances dish armony between existing climaxes and the 
macroclimato is inferred. 

T ho o.ppl ication of t hese p r inc iples can be u sed t o e ,·aluate th e s ignificance 
of va r ious k inds of catchm en t damage, and in part icula r to recognize often sm a ll 
but, cr itica lly s itua ted " Rood -sou rce a reas' ' in which t he direct and ind irect effects 
of d a m age mn.'· be moro ser ious t h an widespread slight to m oderate damage spread 

*Divis ion of P lant Ind us t ry, C.S.I.R.O.. Canbcn·a. 

t Former Am er ican F ulbr ight Schola r. a ttached t o Australian Forest r~· School, Can berm; 
present add ress : U.S . F ores t Sen ·ice . Springer\'ille. Arizona. 
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over the catchmen t ns a whole. I t is there f01·e uecessar_v in economicull~· ~uccr~~ful 

catchmen t manageme n t programmes to distinguis h between those areas which cnn 
be expected to reco,·e1· by changes in land use ulone aud t hose for \\·hich nrldilionn l 
consen ·ation meas ures are a lso needed. 

I. I NTRODUCTION 

It has been well established that the high mountain soil,; and Yegctation of 
the Australian mainland* are in a da maged condition (e.g. Au;;tra lian Academy of 
Science 1957 ). However, it is being realized increasingly by worker;; in range 
management problems that t he present condition of the soi ls and n gctation may 
be less impor tant in decisions affecting land use than the clircct.ion of changC' or 
trend (cf. Ellison , Croft, and Bailey 1951). 

In t his paper the question of trend as distinct from condition i~ cxa mi.J1C'd 
in the light of experience gai.J1ed throughout the Austra lia n Alps during the last. 
12 years. Five main methods of study are employed : 

(i) Repeated observa tions or measurements on permanent quadrats and 
en closures : 

(ii) observed changes a t 01· around fixed points; 

(iii) deduced changes from the present condition of the soils and vcgeta t.ion ; 

(iv) growth ring and fire-scar interpretation; 

(v) evalua tion of experience of local residents. 

These methods are combined in an examination of trends in each of the ma in 
types of country , at first individllally, then in combination to give a picture of high 
mountain conditions as a whole. In the first instance, a certnin amount of published 
information is re-presented (cf. Costin 1954, 1957a, 1957b), but it is much supple­
mented by fresh quantitative and historical data. The resultant picture , n ow 
clearer and more complete than before, provides the basis in terms of which t he 
hydrological asp ects of this and subsequent papers in this series m·e considered . 

n . TRENDs m INmvmuAT" LAND DNI'l'st 

(a) TVet Sclemphyll Forest: Eucalyptus delegatensis-E. dalrympleana Alliance ' 
Although not truly high mountain in cha racter (i .e. a lpine or suhalpine) , ' the wet sclerophy U forests just below the winter snow-line are also included i.J1 this 

study, as they are subject to muc~1 t he sa me land use pra ct.ices as t he suba lpine 
and a lpine communities proper wlu ch they adjoin. 

In their natw·al condition, t hese forests show a ta ll , interlacing stratum of 
usually uneven -aged t rees below which a discontinuous layer of smaller trees ma y or 

t a fairly sparse shrub stra tu cl · may not be presen ' · · · · · m, an a dense stratum of grasses 
and other herbs. Such na~ural s_tancls, although now in the minority, are s till 
preserved in several places mcluding the 1\It . Stirling a..nd Mt. P innibar areas of 
Victoria., the P ilot and Mt. Clear areas of Iew South Wales, and pa rts of the Cott.er 

• F or locality details. see Appendix I. 

t The condition of the \'8rious land un its is cl <>Rt' t·ibed in othe r publications (Cos tin l!l.'\4 , 

1957o). 
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Catchment in the Australian Capital Terri tory. That fires were less frequent before 
white occupation is shown by obsen ·ations on fire-scar frequencies on tree trunks 
as far nfield as the Ba11· Ba w Platea u, the Bogong High Plains. and the Snowy 
:\lountains . A · the practice of burning became more common, 011ing to its effects 
in producing temporarily more palatable feed, the character of the natural forest 
Ycgeta tion a ltered . Locally se,,ere fu·es which developed into cro1n1 fu·es frequently 
killed the dominants. especially the fi re-sensitive species Eucalyptus delegatensis 
Baker. In t hese areas dense regeneration usually followed rapidly "ith the cleYelop ­
ment of fairly close-spaced e1·en-aged s tands instead of the more open. une,-en­
agecl na tuml ones . 

l\Iorc usually, howcYer, t he mai.J1 effects of t he fire were largely confined to 
the lo"·cr strata. Under the mildest conditions when only the shrubs and tops of the 
grasses were burnt. the open character· of the forest was accentuated for some time 
O\\ing to t.hc relative elimin ation of shrubs. In general, howe~Ter, t he fu·es were 
more severe a.nd e:...-posed part of t he underlying soi l. This condition of soil exposm e 
facili tates t.he rapid clcYelopment of many nath·e slu·ubs of the forest as well as 
the domiJmnt t rees t hemselves, so that within a few years after t he fu·e dense pyric 
scrub begins to take the p lace of the origiJ1al herbaceous sward. The actual con­
stit uents of the sluub commmlity also changed towards dominance by certaiJ1 
species p osscssi.J1g hard, fire-resistant seeds or the oa.pacity to regenerate from under ­
ground stems or rootstocks, such as A cacia dealba/a LiJuL , .d.. pennineTvis Sieb. ex 
DC. , Bossiaea foliosa A. Curm., Daviesia c01·ymbosa Sm. , D . lat1jolia R. Br.. D . 
1dicina Sm .. O:tylobimn alpestre F . Muell ., 0 . ellipticmn. and Verom·ca deru·entia 
Anclt . :\fany of these shrubs arc a lso iJ1flmnmable, even in the green condition , 
~o the infia.mmability of the forest. also increased both by the dEl._n~c growth of woody 
Ycgct.ation and the fuel charact eristics of some of the majm: cor~ponents. Under 
these conditions bushfirc clanger and the occurren ce of major conflagrations in­
creased . :\ fcanwhile. useful burns (from the grazicr·s' ' 'iewpoint) continued t<> expose 
t.he sul'facc soil where locally heayy grazi.J1g occniTcd fo ll0 \1-ing the transi tory growt h 
of pnlatablc herbs on the ba.re areas. Accelerated soil movemen t commenced , and 
is now evident in the widespread occurrence of severely trm1ca tcd soil profiles with 
li ttle or no surface litter . 

These changed conditions in the forests ha Ye also been accompanied by changes ) 
in the associa tccl natlll'al tal l-grass meadows of t ussocky poa (a form of Poa caespitosa), 
in many of which repeated burning and gra zing ha ve produced a short. closely 
grazed t.urf conta uling nat.uTalized gra ·cs and white clover. Local gullying leading 
to the de,·elopment of creeks in these modified meadows i. a lso common. 

. l\I~asme~ents in the K osciusko area based on growth ring com1tl and fire 
h1story m rdatwn to the condi tion of thE> Yeget ation show that fire-induced de,elop­
ment. o~ scrnb does not continue indefinitely. D ense undergrowth can be expected 
to pers1:-t for as long as about 20 Year. after a fire. bu t thereaft er . as the shrubs 
increasingly compete with each other and the domiJ1ant trees regain their former 
dominance. the shruh. arc gradually Pliminatcd until after abou t 30-40 years 
without fires a fairly grassy floor npproaching the original condition is restored. 
Similar chanp:es appea r to be occurring on t.he exp ef'imental forest plots in the Cotter 
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Catchment being studied by Dr. 1\I. J acobs of the Australian Forestry School. It 
has been mentioned before that a continuous sward does not favour vigorous sluuh 
and tree regeneration so that this return to a grassy floor can be regarded as a fairly 
stable condition in the absence of furthqr fires or other disturbance of the continuit~· 

of the sward. This will be t he main t rend if fire protection can be achieved. The 
init iation of creeks, on the other hand , is virtually irreversible except " ·it h human 

aid. 
(b) S1tbalpine Woodland : Eucalyptus niphophila AZZ.iance 

Snow gum country (subalpine woodland) in its natural condition is park-Eke 
in character with spreading, single-holed snow gums underlain by a dense herbaceous 
stratum (including numerous forbs as well as snow grass) with relati,rely few shrubs; 
in the more rocky situations t he shrubs become more common . Seedl ing (and Egno ­
tuber ) snow gums are present below the t ree canopy , but are permanen tly sup­
pressed until released from competit ion by the death of a dominant t ree. This 
natural condition, no" · rare in t he mountains, is ideally shown in t he 150- 200-year­
old stand of largely unburnt and ungrazed snow gum above the 1\It. Kosciusko 
"Chalet" , and in the snow gum count ry between :Mt. F rank!in and l\It. Ginini in 
t he AustraEan Capital Territory (Plate 1, F ig. 1). 

As in the ad jacen t forests, this origin al struct ure has been much modified 
in most areas. Bushfires and intentional bm:ni..ng aimed at improving the palatability 
of t he native snow grass past ures have modified both the dominant and subordinate 
strata. The snow gum itself, a fire-sensitive species, is easily killed even by a hot 
!ITOund fire. I t is usually a ble to commence vigorous veffetative reCJenera tion from 
~ ~ ~ 

t he Egnotuber , however , wi th the result that most burnt areas soon develop into 
dense coppice. If bare soil is e).."POsed by t he fire this coppice also includes a large 
number of subordina~e ~yric slu·ubs incl~ding Bossiaea foliosa, Drimys vickeriana 
A. C. Sm. , Jiovea longifoha a uctt. _(n?n R. Br. ), Phebalium ovatifolium, and P rosta n­
thera cuneata Benth. ; if the soil IS not exposed t he herbaceous sward usual!.'' 
recovers without an u:crease in shrubs. This ~ense coppice-shrub regrowt h now covers 
large areas of subalpm: woodland co~try 111 t_he Australian Alps, but the t rend is 
towards the original climax. Growth rmg st udies and observations on areas !m own 
to have been burnt at cer tain t imes (e.g. at Kosciusko in 1919, 1926, and 1939) 
show that the density of the sno,~· g~m coppice and shrubs in creases u p to about 
20 years. After this, natUl'al th~nmng ?f the snow gum and shrubs produce a 
gradually more open woodland with an mcreasing propor tion of herbs to shrubs, 
until at about 40 years after the fire the coppice growth has been reduced to only 
a few stems per original tree and a~ almost continuous herbaceous stratum has 
reappeared . For practical pm-poses thJs can be regarded as th I' . . the fe"· . t h ' e c 1max s1nce.11remaining stems of the copp1Ce Wl never ln themselves to one as in the original 
woodland. 

The addition of grazing influences complicates th . 'fhe . . e p!Ctw·e furt11er. 
continual browsmg by sheep .of sno\\ gum shoots results in the dea th of the t ree 
seedling or Jiunotuber. In t his way large areas of snow guJn t . the Snow\· 

o . coun ry m . 
Mountains have been made t reeless. A typJCal example · t l D , G p ai·ca - · I S 1e aner s a c 

at Kosciusko, where grazing by sheep following the 1939 fi t·es has virtually elim inated 
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the trees; in the adjacent H otel K osciusko vVa.ter Reserve, "·hieh was also burnt 
hut which was not subsequently grazed, good regeneration has occurred. The extent 
of t.hese differences is sho"·n in Table 1. 

The relative importance of shr ubs and herbs in discEmax t reeless areas depends 
on ho"· much the soil is exposed during and fol!mYing the fires. If the herbaceous 
S\m rd is broken and bare soil is exposed, shrubs usually make a rapid appearance. 
If, on the other hand, fir es a.re mild and do not create ba.re spaces between t he 
t nssocks, a disclimax herbaceous community develops, which at first contains snow 
grass. I n most instances t he vegetation is a mosai c of these secondary heat h a.nd snow 

TABLE 1 

EFFECT OF S H E EP C: RA ZJ:-<C: 0~ REC:ENl>RA'l'!O~ OF SNO\\' G U:II 

..\FTEH .FlRE 1~ DA:Z...:~Tt~S GAl., ATIEA* 

Ungrnzed Reserve Grazed Lense 
(%) (%) 

Snow gum 39 ~ 

Snow gross 34 42 
Sh rubs 15 ~0 

Bare s paces a nd inter -

t ussock nrens 12 
 36 

*Based on a p proximately 6 m iles of line transect measure. 
ments, 1 chain inside nnd 1 chain outside the boundary fences, 
carr ied ou t in summer 1955-56. 

grass communi ties. The snow grass communities are liable t o undergo still further 
changes with gra.zing practices, with the elimination of palatable eo-dominant and 
subdominant herbs and the development of i.nter t ussock spaces con:ist.ing of various 
minor herbs, bare ground, and lit ter. These changes are considered more ful ly in 
connexion \Yi th the Poa caespitosa-Danlhonia nudiflora sod tussock grassland 
allian ce (cf. Tables 2 and 3). 

That ma.ny treeless areas can be reforested bv seedlinu rerreneration follo"inrr,) . 0 0 0 

removal of grazing is shown by the strong recoYery which has commenced during 
the last few years in the en closure of the Soil Conser vation Sen·ice at Long P lain, 
near the headwaters of the Murrumbidgee River (Plate 1, Fig. 2). Once snow gums 
in an area have been killed and the seed reserYe. exhausted , however, t his recovery 
t a.kes place slowly and " i th difficult:v. I n initially difficult snow gum environments, 
furthermore, as near the tree-line and next to fros t. hollows, it is problematical if 
natural regeneration can be achieved , as the removal of the woodland en masse 
creates more extreme cEmatic conditions as regards exposure to wind and frost 
which regenerating snow gums seem unable to tolerate {e.g . the Blue CO\\" area at 
K osciusko). I n t he.-e cases, t herefore, t he di:climax grassla.nds and heaths must 
no'" be accepted as relatively permanent, even if grazing were eliminated. 
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Under existing land use, many of these di.·clinwx areas are deteriorat ing; 
the area of bare soi l is extending a nd emsion is continiung sometimes despite an 
apparent recovery of shrubs. T his apparent non-pa rellclism of soil and Yegetat ion 
development requires e)..-planation and further comment. as it is generally aeccpted 
that soil and vegetation trends are parallel-either both on the upgrade or hoth 
downwards. :Many areas of disclima x heath (e.g. the ·'Hump" and ··Cathedra l" " 
on the Buffalo P lateau, and the Blue Cow at K osciusko) gi,·e the imprc:-<sion. has<>d 
on the condition of the \egetation, that an upward trend is iJt progress ancl that 
stability will be regained. Exam inat ion of the soil surface, hO\I·e,·er. shows tha.t 
accelerated erosion is active, despite the p resence of t he . · h rubs . to a degree that. 
surface-binding herbaceous ,-egetation cam1ot re-esta blish and maintain i tscl f: t h i,; 
is sho\\11 by the pronounced pedestalling and death e \·cn of short-IiYcd pla nt:-<. 
and bY the deYelopment of graYclly erosion paYements . 'l'hus the vegetation trenrl 
may ~t first be up\\·ard despite a downward soil trend. Ultimately. howC\·cr. the 
cumulative effects of soil loss must predominate. E\aluation of catchment t rend 
in these circumstances must be done carefully, gi,·ing greater weight. to the sni l 
than to the vegetation. 

"\Vhen the ,·egetatiYe coYer opens up to the extent that the bare areas exc-eed 
the area protected by the rema ining groups of plants. dctcrio.-:tt ion becomes more 
rapid, with coalescence of ~m-·m~rl_v separate bare spaces t_o form large and acl i ~·cl_,. 
extending bare expanses. 'Ih1 ·Sit uatiOn has been reached m badly damaged sectiOn>' 
of mam· ruah mountaiJ1 areas of the Australian Alps, af; on the Perisher Range at 
Kosciu~ko. 

0

0 11 j\Jt. Hotham. and on the F eathertop Razo rback. H ere the clown­
ward t rend is no w irreversible. e ven i.J1 the absen ce of furt.her fires a.nd :rrazinl! , 
unless active recla mation measures are instit uted. 

(c) 	 Sod T ussock Grassland: P att cacspitosa-Dant honia, nudiflora All-iance 

The sod tussock grassland'>* are naturally closed commu nities do minated by 

one or more of the various forms of snow grass (Poa cae.spitosa) and other perennial 
herbs. Bare ground is rarely expo. eel and when it is, t he bare area is usua.!Jy s mall 
enough to be protected by t l_1e lea~re~ an~l litter of adjacent t ussocks. Grazing use 
has resu lted in the progress! ve cllmmat~on of ihe palatable ma jor herbs, acrom­
pan.ied in most a reas by a genera l openmg up of the sno w grass s ward with the 
development on the intertussock spaces and more extensive hare a reas o f various 
minor herbs (e.g. sorrel. Asperulct s pp.. Plantago tasmanica Hook. f.. Brachycome spp .. 
Lagenophora stipitata Druce. LeJ'Iorhyncl~1ts squama/us, and Fesl1tca a8JJerula). 
Invasion by shrubs. chie fly Kunzea 7n1tellen Benth. , has a lso occurred in some cases . 

The first stage of rnodificat io~~the elimi.Jlation of the major forlJ,.;- was 
apparently a fairly r apid p rocess. T hts JS seen_ Ul Table 2 which gives the percentage 
composition of a forb- rich snow g rass pasture m the Hotel K oscius ko "\Vater R esen ·e 
before and after one season 's grazing in 1957-58 . T his area had not been g razed 
previously for at least 20 years, and probably longer . 

* Disclimnx grns.qlnnds p.-oduced b~· d eforestation of s nbnlpi ne wood londs are a l.•o 

considered here. 
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Current ut ilization o f the modified grasslands differs according to the local 
cm·cr type (Costin 195R) . The limited areas of grassland from which only the major 
forbs haYe been elimina ted without disruption of t he sno\1· g rass s\rard are not 
being subjected to much further m odification by light grazing where this is unaccom ­
panied b.Y fires. O\l·ing to the fact that the mature sno\\· grass is not palatable. 
'l'h.is is also apparent from Table 2. Shrub-invaded areas are lil'e"ise only slightly 
grazed. In the absence o f soil-exposing influences such as fu·es, these secondary 
shrubberies would gradually disappear, since shrub regeneration becomes increasingly 
difficult as the herbaceous sward is gradually restored, and t he life-span of most of 
the sh rubs does not see m to be more than about 20-30 years. 

TAULE 2 

EFH~CT OF G R AZJ:-o:C 0:-o: CO)IPOSITIO:s" OF :-o:ATURAL S~OW GRASS PASTURE I~ 


H OTEL KOSCIV"SKO WATER RESER\"E* 


Period 
Snow 
Gmss 

Composition (%) 

H erbs Shrubs Li ttert Bare 
Ground 

Before gmzing 

After grnzing 

67 

71 

16 

7 

3 

3 

13 

18 

*Determined by measurements along permanent line transacts before 
nnrl after grazing season of 1957- 58. 

t The apparent increase in l itter was due mainly to its exposure following 
remo,·al of the hC't·bs b~- grazing. 

'T'he areas of partly bare grow1d and minor herbs present a different picture. 
'l'hese areas afford most o f the palatable grazing in the form of iJ1tert ussock p lants 
such as sorrel, Gemnium spp. , L eptorhynchus sqzwmatus, and other composites, 
which represen t a n intermediate stage in t he secondary succession, occasionally 
with ~rhemedct australis Stapf.. Dnntlwnia spp., and naturalized white clover at 
the lower levels. I rrespective o f low overall stocking rates (from half to one sheep 
per acre over a snow lease a;; a " ·hole) , effccti,-e . tocking rates are Ycry high (loca,lly 
approaching 5- 10 heep per acre: cf. Costin 1958). The continual grazing of t hese 
poorly covered area. a lso means that the . oil remaiJ1s e)..-posed to the erosi,·e action,. 
of frost. wind. and water. The extent of the soil movement is shO\\"Jl by the pronounced 
pcdest·alling of even shor t- lived plants and the development of gravelly erosion 
paYcments. Owing to the usually consiclrrablc depth of the soil , however, and t he 
r11 pacity of some of the minor herbs (particularly sorrel) for vigorous re-establishment 
unt-il <>ro. ion has p roc-eeded almo.·t to the underlying rock , the signjficance of thes~ 
soil losses is ea. ily underestimated. Once the size of the iJ1tertnssock space i.J1creases 
bc~·ond the protective iJ1fluence of adjacent overhanging tussocks. however. larger 
bare m·eas begin to de,·elop through the erosion of tussock margins and the hea,~i.J1g 
of regenerating seedlings due to increased frost action. 
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Protection from grazing is usually followed by an increase in minor herb,.: 
'dthin a few years, a lthough t he regeneration of snow gmss and major herbs is a much 
slower process. Detailed line t ransect measurements in the Daner 's Gap area in 
1957- 58, which was a particularly favourable season, showed a 2 · 6 per cent. increase 
in the minor herb componen t of ungrazed a reas compared \\ith a decrease of 2 · 6 
per cent. in contiguous areas which " ·ere grazed . Ot her measurements on inter­
t ussock areas in and adjacent to the soil conservation enclosures at Da ner's Gap 
and the Plains of Heaven (protected since 1951) and the Hotel Kosciusko Water 
R eserve (protected at least since 1939) are summarized in Table 3. 

J;: ~-FECT OF PROTECTIOX FRO)! CRAZI N G 0::-1 CO)I POS ITION O F INTI:: IITUSSOC K S I' A C I' S 


I N CRASSL ANU* 


Plains of Heaven n••,. .. , Gup I \\'ater· ReserTe 

Co,·e r Type 
Grazed Ungrazed Grazed Ungrazed Gmzed 

I
Ungmzed 

( % ) I (%) ( % ) ( % ) ( % ) ( % ) 

Minor h erbs 47 6 1 27 3!l 20 
Lit ter 3!) 28 28 33 l !l 
Shrubs 4 
Ba re ground 14 11 45 28 ;}7 

26 
44 

7 

23 

• Determined by quadrat meas ur·ements of percentage co,·e r, curried out in 
Plains of H eaven, summer 1957- 1)8; Daner 's Gap, summer IU:3ii- i}6 ; \-Vater R eserve, 
summer 1955- IJ6. 

The deleterious effects of grazing damaged areas are accent uated hy the 
selective utilization of inflorescences and seed heads. This is evident from Tahle -! 
which gives details of seed production in t he Daner 's Gap area in 1957- 58 under 
grazing i.ntensit ies of zero, one, and two sheep per acre for the grazing season. It 
is notewort hy that very light overall grazing is sufficient to produce a large reduction 
in seed supply. 

(d) Tall Alpine H erbfield: Celmisia longifolia- Poa caespitosa All·iance 

Communities of the Gelmisia longifolia- Poa caespitosa alliance, t he most 
extensive herbfield community, are naturally closed, "ith Gelmisia Poet, and 
associa ted herbs as dominants. As in the sod tus. ock grasslands. much ~f this herb­
field vegetation has been modified by grazing and fires. There is strong evidence 
(Co,.tin 1958) that these herbfields used to be richer in several palatable eo-dominant 
or subdominant species which have now either become less common (e.a. the various 
forms of Graspedia 1t1~ijlora) or have virtually disappeared (e.g. Dan~honia Jrigida 
Vickery), leaving rela tively greater a mounts of P oa in the present vegetation. ""here 
the herbfield stra tum has been broken. several minor herbs, notably sorrel and 
small composites, have also become more conspicuous. Even more than in the 
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sod t ussock grasslands; the more severely damaged herbfield areas ha ,.e extended 
into adjacent tmdamaged areas and are continuing to do ::;o even though t he initial 
distmbing agent has in some cases been removed. 

The present distribution of herbfield types on certain mountains (e.g . Carruthcr ':< 

P eak , Mt . Nor thcote, and Mt. Clarke in t he Koscuisko area) is at first glance puzzling: 

extensiYe pme communities of Celmisia are found in patch\\·ork fashion under a 

fairly \\i de range of ecological conditions apart from t he relatively snowy situation.-; 

known to favour this species. Closer analysis of the problem in the light of t he 

very heavy stock concentrations during earlier years indicates tha t many of the 

Celmisict patches of today occur on areas damaged by grazing, and local experience 

strongly supports this view. 


Not all damaged areas on which grazing pressure has been relaxed ha n ' 

responded in t his mam1er. Only the fairly favom a.ble situations show this impron' ­
men t . The unfavourably sit uated and badly damaged places have contin ued to 
get worse, and the damage is exte~ding rapidly year by year (e.g. on l\Its . Bogong. 
Loch, Hot ham, and Feathertop m the Bogong High Plains area . and in the '\ 
Kosciusko and Gungartan areas of t he Snowy Mountains) . In other places, as on 
Mt. Northcote at I~osciusko , the ~alance appears to have been very delicate and 
wavering for some time, as the rap1d enlargement and coalescence of bare areas ha,; 
become noticeable only during the last few years although there has been virtualh· 
110 grazing since 1944. The present situation is a complex one as manv of t he dow1;. 
gi~ade a1:eas a.re extending as a face und~r wind and frost act~on into ~djacent areas 
which were formerly undamaged or '_vluch had even been restabilized by C'elmisio . 
In the more exposed parts the end pomt to this sit uation (unless active conservation 
measures are undertaken) is the removal of most of t he soil mantle frOJi1 whole 
mountain slopes, as on parts of Car~uther 's Peak , the Mt. Twynam area, t he Granite' 
Peaks: Gung~rtan, and t_he I~ernes, and l\fts. Loch and Bogong in Victoria. 
Occaswnally , if ~he solum IS very stony_, a stone erosion pavement may form before 
the soil ma.ntle IS all removed, and t his tends to reduce t he rate of soil loss. 

It has been claimed that this large-scale erosion alo t h M . R t l ng e a.m ange nor 1 
of Mt K osciusko is a natural phenomenon which has b . . 

· ~ · een m progress sm ce pre-~ 
set t lement t imes (e.g. Doyle 19::>6). A recent origin, however . . di ted b y the 

h
. . 1 d . 1 cl , IS m ea 

ecological evidence; t IS .me u es IS an s and abrupt expo d r f il d ·h . se Laces o so an er.1J -
field vegetation in othenVJse denuded areas. soil and li h ' ' · d . · · c en Uiles on roe1.;:s, an 
freshly buried soils on adJacent lower slopes (cf. Plates 4 ~) . . cl 

. · . . · - 1 . 0 n h1stonca1 groun s,
furthermore most 1f not all of this catastroph1c erosio .. d' . . . · n appears to have occuue 
during the present century , smce It IS not recorded th .t. f t l eai·l.\ r m· . e wn II1D'S o 1e < 

explorer botanists and geologists. Helms (1893 1896) . . "' .' 
. . · , ' m particular , who was veT .Y 

conservatwn-mmded for h1s day, "ould almost certai.Jlly 1 .1 1 . . . . 1ave recorded sue 1 aT ge­
scale deterioratiOn if 1t had been there. In th iS regard hi I· b d . t' 

· nli 1 · ' s pea <- y -peak escnp Ion 
of the Kosciusko area ts e g 1te!UJ1g (Helms 1896) That I l l cl' t ' . heel 

· 1 · h bfi · 1e c ear y IS mgtlls 
between the extensive a pme er elcls and t he rest ri cted t 11 b snow , na uTa y are 
Patch areas is shown by t he st atement (p . 77): " At the lu'gh t I . I 1ost . es e evatwns an a n 
alpine vegetation covers every avail~ble spot between the rocks. A few narrow 
stret ches only do not produce t he famtest particle of vegetation. This occurs in 

CA'f CH lll EXT HYDROLOGY IX THI': AUSTRALIAN ALPS . I 13 

pla ces where the s n011· accumulates i.J1 masses on t he eastern slopes of the Snowy 
?IJountnins, drifting before a western gale from off a.nd over the ridges." Helms's 
description of Carrut her's Pl;lak ("Slate Peak", p. 82), " with t he exception of a few 
protruding masses of barren rock , it is covered with vegeta t ion" , is now quite out of 
date. If Helm s \\·ere to return to Carmther 's P eak today, he wouJd have to describe 
it t-hus : " Excep t for a few pieces of vegetation , it is covered with bare soil and 
st ones" (Plat e 4, F igs. 1, 2). The first indication of extensive deterioration of the 
top country was in the reports of Byles (1932), whilst Dr. '"- R. Browne, ''ith long 
experience of the summit country, thi.nl.;:s it was noticeable as early as the 1920's. 
I t II'Oulcl a.ppear that the damage deYelopecl within the first 20 years of t his century, 
probably as the direct result of t he periods of very heavy grazing known to have 
occnrred cltu-ing this t ime (as many as 30,000 sheep in the summit area alone).* 

The nature of the final eroded surface in these a.reas is instructive as regards 
the time that would be needed for secondary successions to restore the original 
climax. Dry erosion surfaces-consisti.J1g of scattered st ones and rotten rock-are 
bccomi.J1g occupied Yery sparsely by species of the Epacris petrophila-V emnica 
densijol1'a and Coprosrnct pumila-Colobanthus benthmnianus f jaeldma.rk allia.nces, 
typically J(elleria ta.srnanica DomJ;:e. and Colobcmth~w benthamiamw. These fjaeld­
ma.rk a.llia.nces occur natmally in the most wind-e::-..-posed and cold situations respec­
tively . such as exist in association with permanent or near-permanent ice and snow, 
and which were probably more extensive i.J1 t he higher parts of the Austra.lian Alps 
about 20,000 years ago. Thus, soil succession and pla.nt succession have probably 
been put back in the eroded areas by a Yery long period of t ime. w·et , stony erosion 
smfaces are a.!so of interest from t he successional viewpoint. These support a very 
open vegetation of species of the Plantago muelleri-.1111ontict cnwtralasica short a.Ipine 
herbfield alliance, u1eluding Oreobol1w spp., Montia a1wtralasica, CaUha. introloba 
F . J[nell., and Dioschiadimn mnunculacemn Domin, which are restricted naturally 

* Tho nnolys is b_,. Fok_,. ( Hl57) of drough ts in Aus t ra lia. pro,·idcs indirect e,·idence that 
much of this de te r iorat ion was p robabl_,. in itiated about t he t u rn of t he century. The d rough t 
period of IS!l5- l ()03 is s tated to ha,·e b een far worse and more far -reach ing in its Pffects t han 
a ny b efore ot· s ince . " Never before h as the d rought been so extensiYe . On p revious occasion~ 
s tock were remo,·cd to mountain countr_,. to t he east but e ,·en the m oun tains h ave felt t he effect;, 
of the d r_,. season". The lo.tter par t of this rem a rk is s ignifican t , sin ce it is gen era lly taken for 
g rnn ted that. the mounta ins n e ,·c r experience ch·ough t condit ions . Drought is a relati,·e term. 
and a dr.v s ummer in the m oun tn ins, which is accompanied by an unusu a lly h igh n umber of 
fros ts, imposes a se ,·ere set -back to much of t he ,-egetat ion. The effect of h ea,·y stocking under 
these conditions, and t he subsequent nu t um 11 burn " ·hich would ha,·e been carried out, would 
ha,·e been s t ill m ore d amaging . 

Some idea of t.he va.<; t numbers of li ,·estock which must ha,·e been remO\·ed to the high er 
len•ls dul'i ng these dry ~·eat-s ca n be judged from a Xa.rrandera p ress report during the previous 
rlt·ought. It stated t hat since Augus t 500.000 s heep had gone through Xarrandera towards t he 
mouttt tti n~ uttcl one million s heep were sa id to hrwc passed through the \Vagga distr ict within 
a m ott th (Foley l!l57). The Xarrandera- \\'agga route is onl_1- one of m a ny leading to the m ountains. 

The period I004-1910 a lso continued d r.v, pa rt icula rly in southern areas. By 1908 
::\ imrnitabel reported Olle of t he driest pe riods on t he :llonaro for 50 years . 

For the 15 yea rs b et ween 1895 and 1()10. the>t·e fore . t he demand for re lief grn.zing ou 
the moun tains is like ly to haYe been cons istent (_,. ,·e ry heaYy. 

http:fjaeldma.rk
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to moist , snow patch situations. In t lu s case also, advanced deterioration of the 
tall alpine herbfield vegetation and soils has led to the spread of comparatively 
rare species which hitherto were restricted t o very special habitats. 

In addition to t he areas considered above, other damaged her bfield areas 
show extensive invasion by shrubs, especially Hovea longijolia, 0~-ylobiurn elliJJticum, 
PTOstanthera cuneata Ben th., Phebal·ium ovatifolium, and Orites lancifolia F. Muell. 
(e.g. on lVIt. Stirling and t he Feathe1'top R azorback in Victoria). As in the subalpine 
woodland and sod t ussock grassland areas dealt with earlier, t lus invasion is favoured 
by exp osed soil ; in the case of fire-favoured species such as Hovea longifolia fires 
have probably assisted this invasion. The t rend in t hese shrub-invaded areas depends 
on t he type of situat ion, the intensity of grazing, and whether or not there a re fires . 
F avourable situations, especially those which have been free from fues and heavy 
grazing for some years , are slowly returning to tall alpine herbfield, as on Mts. 
Ho,~·itt, Gibbo, and Pinnibar. Unfavourable sit uations , however , are continuing 
to deteriorate, as on the Feathertop Razorback , in some cases even in t he absence 
of fires and without much further disturbance from grazing. 

Although of great importance from the catchment point of view, t he badly 
damaged her bfi.eld areas considered so far constitute the minority of herbfield country . 
The Kosciusko area as a whole does show defuute improvement since most of the 
livestock were removed in 1944. Local mountain people, part icularly those living 
at the Mt. Kosciusko " Chalet", were soon in~pressed by t he increased flowering 
both of forbs and snow grass which commenced in t he summit area (Plate 2 , Figs . 
1, 2) . This was partly an expression of t he recolonization of t he bare spaces between 
t he t ussocks of snow gra,ss by various forbs, mainly conspicuous composites a,nd 
species of EuphTasict. It is noteworthy that several of these forbs (e.g. Brachycorne 
spp. and Craspedia unijlom) a.~·e ver y ~alatable, and the inflorescences in particular 
are eager ly eaten so that durmg grazmg extensive recoloruzation is checked. The 
massed flowering of snow daisy (Celmisia longifolia) also became more noticeable, 
and, as discussed prev~ously, t he field e~dence for this is still apparent. Thus, 
recovery of the tall alpme herbfield areas JJ1 the closed portion of the summit area 
(apart from the very vulnerable places) is still strikingly in progress. 

Further evidence that protecti~n fr:om grazing, even at t he presen t lower 
ra t es, is beneficial to herbfield vegetatwn, ~s shown by t he condition of grazed areas 
such as Gungartan and Jagungal, a few miles north of Kosciusko. These tall a lpine 
herbfields contain ab~ndant and exten~1~ intertussock spaces in which sorrel is 
one of the ma~ speCJes, not the ~·ec~loruzmg forbs (especially C'1·aspedia ttnijlora) 
as around Koscm sko, and sn?w daisy IS r~arkedly less conspicuous (Plate 3, F ig. 2). 
T lu s shows that recent grazmg pressure m t hese areas has st ill been too hea vy to 
permit the same lar~e-scale rec~loru~a~ion as has occurred around Kosciusko . 
Furthermore, t he species Danthom a Jn gtda, Ranunc~tlus anemoneus F . Muell. , and 
Aciphylla glacialis are virt ually absent, whereas in the rr . I thev 11ave 

. '-OSCIUS to area ·' 
steadily become more co~mon su_1~e 1944 (Plate 3, Fig. 1 ; cf. Costin 1958). In the 
Victorian Alps, the eroding conditwn of mountain tops which are st ill grazed (e .g. 
Mts . B ogong, Hotha m, _and Feathertop, and Mt. St irling and The B luff) contrasts 
strongly 11-ith those wluch are grazed only lightly or not a t all (e.g. Mts. Howitt. 
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and Pi.Jmiba.r). These Victorian herbfields are also much poorer in the alpine forbs 
found at Koscinsko. 

The extent of t he clifferen ces in t he floristic composition, flowering, and seed 
production of the tall a.lp i.J1e herbfields of the Kosciusko and Gungartan areas is 
shown i.J1 Tables 5, 6, and 7. From Table 5, it \Iill be noted that 51 per cent. of 
the Kosciusko herbfields is domi.J1ated or eo-dominated by snow daisy and major 
herbs other than snow grass, compared 11ith only 12 per cent. at Gw1ga.rtan. Table 6, 
~howing t he relative abundance of species other than snow grass, further emphasizes 
the richness of the Kosciusko communit ies (41 species recorded compared with 26 at 

TABLE 5 

CO)IP,\HlSO~ OF 'l'ALL ALPI NE H E IH3FIELDS I:-1' KOSCI U "KO AND GUNGAR'l'A.N AREAS* 

Cove r Type Koseiusko GungartanKoseiusko IGungarta n I 
(% ) (%)(~:) (:) I 

Snow grnss Snow g rass- herbs 35 

Snow g rass- snow daisy 31 7 Intert ussock s paces 12 6 

Bare g roundSuow duis~r 8 3 

Other herbs 

* Based on a pp rox imately Si miles o f line tra nsect measurem ents, summe r 1957- 58. 

Gnngart.an) , and t he preponderance of major herbs (e.g. Celmisia, Cm spedia, 
Eu]Jhrasia , )1icrosen:s, and Oreomyrrhis) i.J1st ead of the mi.J10r species which are so 
common at Gungartan (e.g . Rmnex, Asperula , Cot1tla, Ewarlia, S clerctntlHtS, and 
mosses). 

T he differences in flowering and seed product.ion summarized in Table 7 are 
cqua.Uy strikin g. the rat-io of seed ,,·eigh ts at Kosciusko and Gtmgartan bei.J1g approxi­
mately H : 1 and of numbers of seeds about 12 : 1. These differences reflect both 
the select ive grazing of inflorescen ces and seed heads at Gungartan (particularly 
\li th r espect to snow grass) and differences in florist ic composition as such (particu­
larly as r egards other major herbs). On ~It. Bogong. i.J1 the Bogong Creek Catchmen t 
1\'hich has been closed to grazing for about two years, snow grass seed heads were 
approximately seven t imes more numerou. * at the end of the 1957- 58 grazing 
season , t han in t he adjacent areas which are still grazed. It will probably be several 
~·ears before simi}a.r effects are apparent with respect t o the forbs, however , owi.J1g 
to the virtual elimination of many of them by grazing. 

(e) Tall _...Jlpine H erbfield : Brachycome nivalis-Danthonia alpicola Alliance 

The tall alpi.J1e herbfields of the Brachycome nivalis-Danthonia alpicola alliance. 
nlthou~th nowhere extensive, are of some Rigruficance as r egards curren t t rends. 

*De termined b~· quadrat m easurem ents carried out, in 1958. 
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:RELA'rl\'E ABUNDANCE 0~' SPECffiS 01'RER THAN 

Species 
Koseiusko 

(%) 

Acaena ovina A. Cunn. 
A.ciphylla glacialis F. :\luell. ox Rent.h. 
Asperula spp. 
Baeckea gunniana i:ichau. 
Bmchycome clecipiens H ook. f. 
C'alostrophus laterijlorus F . :\'luell. 
C'arex hebes 
( 'elmisia longifolia Cn.qs. 
Colobcmthu.~ bentltmnianus F<>nzl. 
Cotula alpinn Hook. f. 
Cm8pedio ·untjlora F orst. f. 
Danthom·a sp. 
EJJflcris microphi/a. H . Flr. 

E . 7Jaludosa R.Br. 
Epilobimn confertifolium H ook. f. 
Jtrigeron pappocromu.~ Labill. 
Euphrosia s p . 
IJ:wart ia nubigena Beau,·. 
Gemll'iwn sp. 
Gnaphalimn collinum Lahi ll. 
H elicltryswn bracteatum Andr. 

H. scorpiodes 
H ydrocotyle hirta R.Br. 

-----­ I 

0· 10 
0·31 
1 ·56 
0·31 
4·27 
1 ·26 

11· 59 
17·03 
0·21 
-

8 ·!)!) 
1·1:') 
0·52 
0·31 
0·!)4 
0· 10 
4·50 
0·73 
0· 10 
3·66 
-

0·52 
1·04 

..... 
TADLE 6 0'> 

SNOW G:R•\ SS IN 1'ALL ALl'lNI, REitDFIELOS AT KOSCIUSKO AN D G UNGAlt'l'AN* 

Gungartan 
(%) 

l . 2·1 
-

6 · 41 
-

2·62 

-
15 ·7!) 
4· 4:) 

-
:l·72 

-
-

0·50 

-
1 · 48 
-
-

2·47 

-
2·!J7 
0·7-J. 
3·44 
-

Species 

Hymeuaulherr~ deulala R .Br. ex DU. 
Leptorhynchus squama/us Less. 
Luzula caiiiJJMiris DC. 
i\h'croseris scqpigem Schul?.. ·Bip. 
111o111i11 auslralasicrt P ax. & K . H ofTm. 
!\losses 
Olearia. sp. 
Oreomyrrhis cwdicolt1 Endl. ex H ook f. 
Pm.sophyllwn sp. 
Oxylobi11 m. elliJJiicu m H..Br. 
Ph ebaUwn ovatifoliwn F. i\luoll. 
Pimcl ia nlpi1111 F. llluell. ex i\le i:>sn. 
Plantago nwel/eri l'ilger 
Ranuuculus spp. 
R ichea con liueutis B. L. Burtt. 
Rumex acelosel/a. 
8clerautlws bijlorus H ook . f. 
Senecio la utus \\'il ld. 
Stackhousia sp. 
Stellaria p tllt(feiiS B I'Dngn. 
'l'ura.wcum oj]icinale \ Vcber . 
Triset um. s ubspicatwn B eau,· . 
I'iota ben/on icijo/ ia ::>m. 

I ---­

*Based on percentage presence in t metre ~quare quarlrat .> thrown along t r11 nsect. lines. in summer I!Jii7 :iS. 

reduced to common base of 100. 

~ 

TAD!JE i 

COMPAltiS ON OF SEED !·LEAD AN D SEED P.ROOUCTION A1' KOSCJUSKO AN D GUNGARTAN* 

Species 

A ira caryophyllea 
Bracltycome decipiens 
Carex hebes 
Celmisio longifolia 
Craspedirt wujlora 
Danthonia n iricola J. Virkcry 
D. nudijlora r. F. i\lorris 
Buphrosi fl s p. 
E trartia nubigena 
Gentirma diemen11iR Cr·isch. 
Gnaphaliwn collinwn 
Luzula. campe.Yiris 
.lhcmseri.~ swpigera 
Jllonti(~ australasica 
Oreom yrrhi.9 nndicola 
P on ccw•pit os a 
Poranthern m~crophylln Brongn. 
Pm11ophyllmn sp. 
R wne.v acetosella 
Senecio /autuo 
T ri.9elum subspicatum 
Tlioln bentonicifolif£ 

Totals 

---·-

Rends per 
Acre 

6.560 
:3,440 
!),570 
1,640 
1,2!)0 
-
~.no 

23,000 
-

IO.ll70 
16,800 
3,000 
1,640 

220,800 
1,640 

621 '700 
2,460 
1,090 

16,800 
21,!)00 
8,470 

860 

!J76,360 

K osciusko 

Ko. of Seeds 
per Acre 

120,000 
183,350 
122,500 
180,070 
303.150 

-
7 I ,250 

1,150.000 
-

10!),700 
840,000 
150,000 
164,000 
662,400 

27,390 
50,979,400 

13,300 
2,180 

1,087,000 
876,000 

1,694,000 
21,500 

58,757,190 

Seed Wt. 
(lbfacre) 

0·04 
O·l!l 
0·45 
0 · 75 
0·86 
-

0 ·1 8 
I~· 60 

-
1·6!J 
I ·11 
0·24 
0·35 
I ·41 
0 ·18 

42·70 
0·04 
0·02 
I · 62 
1·06 
1·10 
0 ·06 

58·64 

-

H eads per 
Acre 

5,550 
-
6,220 
-
-
1,680 

-
-
3,700 
-
1,520 
1,5 10 
-
-
-

78,200 
-
-

26,500 
-
1,680 
-

126,560 

Kosciusko Gungart.n n 
( % ) ( %) 

0·63 
0·21 
4·16 
fi·42 
2·82 
1·47 
1·15 
2·09 
0 · 61 
-

0·84 
5 · H 
0 · 10 
0 ·!)4 
0 ·21 
2·71 
0·31 
4 ·27 
(). 4:! 

-
-

3· 12 
4· 16 

O· iiO 
-

8 · 16 
l· ·!8 
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* Bused on eow1ting and harves t in g of seed heads in t metre square quadrats thrown along transect lines in summer 1957- 58, followed by 
Reparation, counting, and weighing of the seeds . The results probably give an underestimate, us a small amount of seed h ad already fallen and ..... 

-l 

I 9:i7- 58 wns a poor flowering year for Celmi.9ia. They should bo regn.rded as approximate only . 
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These chomophyte communities mostl.v occup_v relatiYcly inaccessible habitat;; 

such as cliff faces, rock ledges, and crevices, and a re thus little a ffected hy land 

use. However, it would appear that at least one of the dominants, Alchemilla 

?Wvae-lwllandiae Rothm., was once more widespread in moist places, since it no"· 

exists mainly where grazing animals cam10t reach it (cf. Costin 1958) . On t he other 

hand, another dominant , Brachycome nivalis F. i\fuell. , has invaded erocling C'elmisio 

longifolia-Poa caespitosa ha bitats, as on l\It. H otha m, and to this extent th<'"e 

chomophyte communities are extending slightly. 


(j) S hort Alpine H e1·bjield : Plantago muellcri- l\Iont ia austmlasica Alliance 

The short alpine herbfields of the Plantago rnuelleri- Jlontia mtslmlasicrt 

allia-nce (snow patch communities) are undergoing marked and rapid cha.nges as a 

result of grazing. These communities are both attractiYe and acce. sible, " ·hidt 

means that overgrazing is tma voidable eYen wi th very low ovemll stock n umbers. 


These communities are subject t o heavy pressm·e under nattu·a l conditions, by 
virtue of the fact that t hey act as sta,bilizing out wash aprons for the mel t-waters 
from snow patches. They perform this f unction successfully beca use of their closcl_,. 
appressed, carpet-like growth, and t ha t they hM·e continued to do so for many 
hundreds and in some cases thousands of years is sho"n by the depth of the unde~·­
lying snow patch peats. Once the surface mat is bmken by trampling, howe,·er. 
and the evenly dist ributed surface fi ow from the snow patch is channcllized, gully 
erosion and drying out of t he snow patch v~getation advance rapicUy . This remo,•al 
can n o\\· be seen in progress all over t he hJgher parts of the Alps (Pla te 6, Fig . l ; 
Plate 7, Fig. 1). In many places-e.g. Perisher Range, Gungartan- Kerries area. 
Carr uther 's Peak-the stripping has been so complete that the resultan t bare areas 
are easily t aken to be nat~Ira l. The true o_ri~in of these areas is usually apparent, 
however , from the small Jslands of old soil U1 protected places, from "soil-lines" 
on exposed rocks, and from the nature of the exposed rocks them se) ves (Plate 7, 
Figs. l, 2). Unlike naturally expo~ed rocks which a re rotmded by prolonged 
weathering and largely covered by hchens, the rocks expo. eel by recent erosion 
are angular and generally clean and ~resh-looking owing t o the. fact that little 
weathering or lichen growth has had time to take p lace. 

As observed earlier , certain sn?w patch ~lants have al:o extended their rnnge 
on t o wet, rocky, eroded surface: m tall a lpme herbfield, but in these cases the 
plants are mostly scattered and do not form t he continuous, ma t-ljJm communities 
typical of undamaged areas. 

(g) Fjaeldmark Alliances 

The two fjaeldmark ~IJi aJ:ces-Epacris petrophila-Ve?·onica densijolia alliance 
in the most wind-exposed SituatiOns and C'oprosma 1JUmila- Colobantlws bentlwmianus 
alliance in cold, exposed u? per sno": patc~1 areas- have not been affect ed much b~· 
]and t!Se As mentioned Jll COJUleXIOll With the C'elrn·isial lo :r z· p "toso 

· · · . . . ngtJo 1a- oa caespL
alliance, however. certam f Jaelclmark specJes are now establishino- themsch ·es on 
almost completely eroded herbfield areas, and t o this exten t th:se a llian ces are 
extending . 

_I 
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CATCI-1:\IEXT HYDROLOGY D" THE AUSTRALIA_.._ ALPS. I Hl 

(h) Heath Alliances 

Both of t he heath alliances-Podocarpus al11inus-Oxylobium ellipticll1n and . 
Epacris serpyll1jolia-Eunzea nmelleri-have been affected by land use, especially 
by fi re. In their natural shrubby condition they are of l ittle grazing value and are 
not much a ffected b~' stock ; large areas of both types of heath still exist as fairly 
stable entities (e.g. on the Bluff, l\It. Tingiringi, a.nd Yaouk Bill Range). Ho"·eyer, 
the unpalat ibili ty of these communities has encouraged periodic burning and definite 
change: are evident on the burnt m·eas, differing somewhat according to t he character 
of t he heath vegeta tion. 

In the Podoccup11S alpinus-Oxylobi~tm elliptiwm alliance, which conta ins 
several relatively fi re-ha.rdy species, t here is usually rapid regeneration after fire. 
Only in :L minority of cases have these heaths been replaced by secondary grass­
lands or herbfields . l\Iore commonly the reverse has occurred, when exposure of 
forest, snow gum, and alpine herbfield soils has produced favourable cond;t ions 
for shrub invasion. 

The shrubs of the Epacris se1JJyllifolia-J{unzect muelleri alliance are more 
fire-sensit ive and susceptible to replacement by disclimax grasslands when subject 
to periodic fi res and grazing. On the othet· hand, damaged areas of sod tussock 
grassland and dried-out bogs (see below) have become coYered by heath communities 
of t his allia nce, and t lus replacement is still in progress. 

( i ) Bog A lliances 

The t wo bog alliances recognized in the Australian Alps-Cat·ex gaud·ichaud?·ana­
Sphagnum. cristatwm and Epacris pal~tdosa-Sphagnum cristatum-can be treated 
together for the purpose of this discussion. The various types of evidence bearing 
on t.his particular problem are so consistent as to leave n o doubt that the bogs in 
genera l have undergone widespread drying out and that tlus trend is still in progress. 

Early recollections of the Australian Alps are t hat t hey were far boggiet· than 
today, and the existence of this condition can easily be proved, in many places up to 
the time of the 1939 fires. Old graziet·s remember well areas that were once too 
borwv to ride over or to drive li\·estock across, which now are almost drv tmderfoot 

OOJ ... 

in summer and completely safe to tra>erse. 'Vr iting of t he l\Iount Kosciusko a rea 
last century, Maiden (1 99) warns that " in daylight one has to proceed carefully, 
a. one's horse (unless he be left to himself) ma~' sink to his belly. while riding in 
such count r.v after sundown is Yery dangerous" . Petersen (1957), drawinrr on almost­
40 years' experien ce of the mount-ains, describe !'lome of the changes he himself 
recollects. 

" In thr yenr Hl20. just a fter my return from t.he F irst World Vi7ar , I paid my 
fi rst v iRit to the Kosciusko P lateau . On the first afternoon, when I rode from H otel 
K oscinsko on to Crackenback Range and down to Boggy P la in, my horse became 
restlesR when I endeavoured to force him to cross the valley. Suddenly he sank to 
his belly in a soak. or peat bed. After we had extricated our elves from the black 
peat, a hor;;;eman rode up, an old shepherd who had spent most of his lifetime on 
the rang:cs. H e had been gathering . heep " ·hich had been mi sed in t he general 
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_round-up bcfore-de.pal:tm:e-w-the-l~l'la.Htls-f-Gl'-W-iH:tei~he-old stockma.n g~we me :~ 

hand-to-clean-nry-horse-antl-trolcl-n1e-th&t-wh~J.1-he-\l-'..'1.'>-a.-lad,-Bogg~· -Plain...11·as one 
h.tJ.g&-beg;-e&\~e.red-with-Sphagmnn-mos&'-1-luee-a;nd--four-feet~deep;--benea th ,,·hich 
lay-deep-peat-beds~e-said it was r ubbish and t he locals burnt it-to improve the 
coun~y;--tt>-make-g:rtts&;--He-also said- the only place affording a crossing 11·as at 
the-later- readwa.y-even the -old road. ....'l.long- the- Cra.ckenback swung-1:.ouncLto tl1is 
cr<?s.sin~ . . . I mention this a.<> an illustration ancLexample...of the. change that....has 

_ t~n-plac , not-only here;-but all over the ranges-. - E>ver the years by gradual 
burning;-an d:-finally-during-the-devasting- bushfu·es of 1939, great-areas of- moss and 
peat have been destroyed. I remember when I r ode aga.in over this area after. the 
:fire,-the-peat -bogs- were burning for- weeks; and now it C<'l.n be cros:ed a.ny where 
along the valley." 

The field evidence in the form of partly humified and hu mify in g peat, relic 

bog vegetation, and contraction of the r ema ining communities, supports this com­

p letely. AnotheF telling-pi~~de.~:too-i.'>-the-oourse-.follm~d-by.-the snow pole 

lines OR the Bogm'lg High..;g}a.iAs,-\'lthi.Gl~-iJ:l-teFms-ef-(%isting-comlitions m a.kes long 

:md UI'Uleccssar y detours to the head.s.oL\'Ul.ll~'l.:v:oid-begs-whieh-&l'e-110'11-'-tle-mere. 


At the time-w-heR4hooe-saew--peles-were-ptt-t-iH.-i·&-etvl't-be-tl.-ss-u·t't1ed-thnt-the-vaUeys 

whieh ean now be OFOBSod so easily--weFe-to~-ro&-a.nd-boggy-te-be-safe:-­

Present da..:y--Geg-treHd.s- GaA- RG:w--be-e:x:am.ined-in- gi:ea.teF-dotarH--in- the-Hg-h tr 

of the- a.bo-v:e-:iJ.liGFmation. 


R elatively few undamaged bogs, ~ cteri·red by discontinuo.us..Cm:ex-hollows 
: ep!tr&ted l:Jy 8ph~AA!'i.+b-hu miH-GGlis., remain today. -The best remaining­
exa.m:p-l~~Gg.<;-in-the-CotteJ:....CM,G-1'1-men.t-.e:f---thc-Atl&tralian- Gapi.tal 
Territory, ' l'he.r:.e-thex;e ...h a."3-beeR-little-gi:azing and- fe.·\\:-fires. ~e-bege-,-whi{:}h· 

eeJ tsbt of a large---'pPe-pet•t-iofl-tlf-tl;e-t;.i-ve--Sphagn1t11!1-H~oss-shewiflg-hol:low··-hummock 
devolepment, exteRd-l!igh.t-.a.croSS-the..-;mlley Aoor Although the lW)leJ(ii...]la e a 
eet1sid6i'able-gi•acl:ient,tho t rearm. are-sm-al:l-ancl-!.tlmostr-eompletely- stabl&-ovcr 
J~ei!'--06-H-FS&.-as-a-'Aown by t'Ae-r-iparria.n-¥egetartion~arleHg-t-heir-ba-nks and the 
aqefbtie vog-etartion inc-luding algae along t he stream bed-:-Along considerable stretches 
the-stream disappears al together beneath a aontinuous covel'-Of beg -vegeta tion and 
pl~a:tr.--Near t ho-lutick- points--on--Ginini- arRa- StoGkyard- Greeks, ~theHl-the-¥<1.lle-ys­

~from...-a...broacLto....a. .narro\l._roclgL.condition,- the...r:ate and... volume..of stJ:eam 
flmv-increases-s-udden:ly-:- 'rhis closely approaches t he natural stream conditions,_ 
described in Sect ion III(a-) . The-SRewy-E-lats-bogs,a-fe;uwniles...so.uth...oLGinin.i , 
a l'o also i:1't ar mere-sbtbble--ancl- aetive emulit-i6n- t-han--mos of..those-in-the~A-ustra-Jian 

~· Else,.l1:9i'e in the high country of New South \Vales a-n€l-¥-i~~s a wh~~ -1 hL" {<"...J 

undamaged bogs are la rgely restricted t o wet rocky places or other situations of 
difficult access, or where the bog is so large that ex tens ive bogginess has prevented 
livestock from en t erin g far into it. · 

Slight to complete bog deteriora t ion is now t he general conditioJL. 1Jft€lef. 

existing land use, furthermore. this deteriora.t ion is eontinuing, since e ven wit.h ­

low-overall stock numbers selecti17e grazing r esults in o'rerstockin~ of tht> bogs,-and 

soil infiltration _rapacity remain s imvaired on a c.f1.tchment scale (cf. Australian 

Academy .of Science 1957, p-. -4 9). The breakdom1 of the iHtem al bog dra inagE' 
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,;yf'tcm means that more water is able to flow over t he bog surface.Q This produces 

draiJ1agE' ch:umels which on the steeper slopes develop into gullies. The consequent 

lo1rering of the water-table causes the peat to dry out and· commence t o humify. 

Once the surfa ce peat begins to dry out, a partly irrever sible stage has been reached , 

sinco- dried-out peat is difficult to rewet and the bog surface either erodes, if the 

changes are rapid, or commences t o humify. T he humification is accompanied by 

considcmble sh~·in.kage and cracking, and the original bog surface subsides. · 


I 

\Vhcn these changes occur fairly slowly (as over a.n est imated period of. about 
20 :vears) the yegetation appears to be able to make ·a fairly stable adjustment. 
If the drying out is not accompanied by .:fires, the Sphagnum moss and associa t ed 
helophyte:; a re increasingly replaced by slu·ubs leading gradually t o dominanc~ .by 
H7Jacn's serpylfoljolia anctt. (non R .. Br. ) in communit ies refer&ble -t-o the Epacris 
serpyll~folia-Eunzea. rn'Uelleri heath alliance. If, however, fires a lso occm·~and 

this means that selective grazing is heavier- the shrubs ar e usually r eplaced hy 
the rigid-leaved swamp form of snow grass to form commwlities referable to the 
Poa caespitosa.- Danthonict mtdifiora sod tussock grassland alliance. If, on t he other 
hand, t he drying ont, humificat.ion, and slu'i.nkage of the bog are r apid, subsequent 
stability may not, be aclueved. As before, t here is development of heath and grass­
land vegetation , but the strong development of sru·uu~age cracks within the p eat 
leads to tmmelling erosion followed by a very rapid breakdown of the bog u1to 
actively en t r enching gullies (e.g. in the valley of Lit tle Digger's Creek near the 
K osciusko H otel, Teddy's Creek near Snowy Plains, and the head of Be1mison 
Creek in Victoria) . This is the mode of development of many of the fast-flowing 
peaty strea ms now accepted as natural ii1 the Australian Alps (see Section III(a)). 
Rapid erosion 'fu1ally results in the stripping off of t he peat to wet rock or gravel 
and colonization by various natu.ra.Uy restrict ed plants including , the snow patch 
species men tioned earlier . 

To what extent r ecovery could now be achieved is an important question for 
catchmen t interests . That mere protection from trampling and similru· m echanica l 
clistmbance can r everse the downward t rend on bogs in more favourably situated 
places (e.g. wet, a lmost level situations) is apparent in many areas. T-ll·us,eft-ot.A-e­
moist Baw--Baw-Ph:tlle~u;-wfl:ieh-:is-tt:ew-only-Iight-ly-graz-ed, man-y bog which--were 
bad.ly-fire-da1TJ'ttf5ecl-in-l-939-har¥o-since-m~ti--¥e-FOgrewtlr:-Qn the- Bogong High 
F lain. · ,- a- lmg-fe-rrned- oif-by-the State- Electricity-Bommission-of-Victoria-i:n--tW-5 
at -the--reques of-the l\IIelbeuFne-lJ.Hi'V'er ity Bot&I'l-y-±}eparp-1imett~ 

recover-e-vat'-the-la.~. Man of-the-bogs-oHhe-K oseiusk-e-Hetel Wa~et 

R eserve, dlich.....is....stock..Ji:ee. ha.ve also made noticeable reco-ver¥ sine~ t he-193{1 
fires-;-i:rr'contrast to the-bogs outside-the enclosure rhere grazing- ha continued 

(Plate 15, Fig. 2).- ' 

On t he other hand , where deterioration is advanced, or where condit ions of 
slope or exposure are almost crit ical, protection alone is insufficient. In some of 
these instances, however , artificial assistance in the form of check dams and water 
spre&14-ing structures &a,;{dswing the balance, a~lit.-.BuUm:-.in-¥-iGtoF-i (~ 
·1957;t, p. GG) . ., 

http:natu.ra.Uy
http:CM,G-1'1-men.t-.e:f---thc-Atl&tralian-Gapi.ta
http:discontinuo.us
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( j ) Cm·ex gaudichaudiana .Alliance 

Like the Sphagnum bogs, the fens of the C'm·ex gaudichaudiana a lliance have 
been much modified by la.nd use. In their natural condition t hese comr1Hmities 
have a rather sparse cover of C. gaudiclwudiana Kunth sometimes wi th associated 
helophyt es, and are underlain by compact deposits of acid peat or by orga.no-mineral 
acid marsh soils. Typically, the fens occupy permanently wet basin situations, 
but they can also develop on gentle slopes. The compactness of the peat enables 
the water-ta ble to be raised locally several feet above the general level of the water­
table, and there is convincing evidence in the form of deep deposits of peat, that this 
has been happening in many places for thousands of ~rears (e.g. near the Kosciusko 
lakes and in the Upper Sno"'Y Valley). 

Once the surface drainage of t he fen i: disturbed, ho,,·ever, enabling water 
which was formerly pooled on the broadly concave surface to run off, the building-up 
process can be stopped. The fen may then be eroded down to the underlying gravel 
or rock , as in the snow patch areas between Carruther's Peak and Mt. Twynam , 
in the arm of Geehi Creek west of Kosciusko, near Mt. To\\11Send, and in numerous 
places along t he Upper Snowy Valley. One of the reasons for the rapidity of this 
peat erosion is t he fact that dried-out peat is difficult to rewet. Under these con­
d it ions revegetation is difficult and w.ind and water erosion follow. In places, t he 
field eviden ce can again be checked against historical evidence. In the Mt. Townsend 
area, a small fen-lake called Russell Tarn existed at least up to the close of last cen tury 
(H elms I 896) . The tarn subsequently disappeared (cf. Browne and Va.llance I957) 
until by I946 (at the very latest) only remnants of the much-eroded fen peat 
remained (Plate 8, Figs. I , 2). 

The high palatability of the sedge C'm·ex gaudicha.u-diana results in overgrazing 
of the fens regardless of the overall stocking rate. The result is that very few 
undamaged fens remain in the Australian Alps today; many have disappeared 
entirely and most of the rest are deteriorating tmder grazing pressure. The removal 
of grazing influences could be expected to start recovery in those fens on which t he 
internal surface drainage pattem had not been broken down, but where this break­
down has occuned all·eady fen deterioration can be expected to continue. In thesf\ 
instances the vegetation often changes to gmssland communities of the Poa 
caespitosa-Danthonirt nudijlora alliance. 

(k ) Effects of Other Activities 

The changes described so far have been those initiated bv fii·es and a ·a·· a 
• J • c 1 ,zJn0 ,0 

both of whiCh ha:e b~en of general occurrence throughout the Australian Alps. 
)lore recently, engmeermg, and to a less exten t tomist and forestry activities have 
caused more rest ricted but locally serious da mage. 

P~·ior_ to the. construction _activit ies of t he , 'nowy Mountains Hydro-Electric 
Authonty m the Snowy Mountams and t he State Electricity Commission of Victoria 
on the Bogong High Plains, the adjacent major r ivers did not discolour after heavy 
ra ins to the extent that_ they discol~ur no"·- In the Snowy Mountains in particular 
Clayton (I956) emphasizes the senousness of roadside erosion damage along the 
Snowy Valley a.nd in the Cabramurra area, not to mention extensive access tracks 
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and transmission line roads . The proximity of many of the roads to t he rivers means 
that the eroded soil is discharged almost directly into them, and that some slopes . 
barely stable under natural conditions, are undercut and rendered liable to land­
slide damage (Plate 18, F igs. I , 2). Extensive clearing in the Cabramurra fire-break 
area resulted in the loss of approxima tely 75,000 cu. yd. of soil dm·ing heavy rains 
in 1954. Despite the relatively small areas directly a ffected by these activit ies, 
therefore. the seriousness of construction damage should not be tmderestimated . 
especially as many of t he vulnerable subalpine and alpine areas have continued to 
deteriorate after the road- and track-making operations have ceased. Large sums of 
money are now being spent on remedial measures. 

Similarly, access t racks associated with tourist development in the Kosciusko 
summit area, on the Perisher Range and on Mt. Buller a.nd t he Buffalo Plateau in 
Victoria, have init iated do\\11grade trends which are rapidly accelerating. To a 
less extent, forestry operations have produced similar problems, as in the Tolbar 
State Forest in the Snowy Mountains and in t he Mt. Stirling area of Victoria. 

(l) Summm·y of Trends 1'n I ndividual Land Units 

Before proceeding to discuss the interactions and significance of the various 
trends in the main communities, the discussion to date can be summarized as 
follows : 

Certain types of areas ha\'e been little affected by fires or grazing or bot h , 
and ca.n be expected to remain stable, provided they cont inue to escape these 
influen ces. These areas include the few remaining stands of more or less natural 
forest, subalpine woodland , sod tussock grassland, and tall alpine herbfield; the 
fj aeldmark and heath alliances (which are not particularly pala table); and the 
largely inaccessible communities such as the chomophyte herbfields. 

i\Iostly, however, the commw1ities have been damaged by fires and grazing 
and are unstable. 1\Iost areas of forest, subalpi.ne woodland, heath , sod tussock 
grassland, and to a less extent alpine herbfield and bogs should regain a stable 
condition similar to the origin:1! climax, if given the chance to do so. In certain 
instances-e.g. in some of t he forests, subalpine woodlands, and heaths-protection 
from fire alone would be sufficient ; mostly, however, protection bot h from fires and 
grazing would be required. 

A minor but important number of communit ies have been damaged so badly, 
or a re so susceptible to disturbance, that they will continue to deteriorate even if 
completely protected both from grazing and fires. These communities include 
badly da maged tall and short alpine herbfields, sod tussock grassland and upper 
subalpine woodland areas, and bogs and fens. In these cases irre\ersible changes 
have been initiated which can now continue and accelerate under the impact of 
natural forces alone. 

i\Iore locally, engineering, tourist, and forestry activities haYe caused rapid 
do\\'ngrade trends. In the more favourable situations, t hese t rends can be expected 
to revert towards stability following the remo,al of the disturbing agent, but iu 
the more difficult enYironments supplementary conservation measures are also 
required. 

http:subalpi.ne
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In contrast to tllis general picture of instability and change, t.he situa.tioJt 
before human disturbance was one of stabili ty and acth·e up-building. In the forests 
and subalpine woodlands the presence of old , tmeven-aged stands of trees wi th a 
comparative lack of fire scars in their early history indi.cates conditions of natura l 
replacement without or ·with only occasional major disturbances by bushfires. 
Similarly, the slu-ub, grassland, and tall alpine herbfield communities were stable 
and in places were e:-.."tending the soil-plant mantle over steeply sloping surfaces ; 
thi& is obvious from the ubiquitous "vegetation lines" which have been only recently 
exposed by the removal of soil and vegetation from rocl;: surfaces . T he long stability 
of t he bogs and fens and of t he still more difficult snow patch environment is evident 
from the depth of the underlying pea ts, represen ting accumulation !:> of several 
thousand years . The most wind- and cold-exposed sit ua tions also carried s ta ble 
fjaeldmark vegetation. 

Ill. TRENDS IN L A.."<D SYSTEMS AND HYDROLOGICAL I l\!PLICA'J'IO)IS 

I t is now possible to examine the hydJ"Ology of tmdisturbed environments, 
in terms of typical vegetation sequences in the alp ine, subalpine, and upper montane 
tracts. then to examine t he hydrology of disturbed areas at the presen t time. 

(et) Alpine Tmct 

F igure 1 sho'''S a typical topographic sequence of vegetation in the alpine 
tra ct; locally, the tall alpine herbfields are replaced by the win d-e:\.")JOSed type of 
fjaelclmark in very exposed places, by chomophyte herbfields on cliffs and steep 
rock faces, and by heaths in rocky and relatively snow-free situations. This hyd ro­
logical pattern is more complex than the simpler drainage systems of steeper 
mountains such as the Alps of Emopc and New Zealand, where bedrock is close to 
the surface and bogs and fens are relatively nnimportant. Similar complexity is also 
found in t he subalps. 

\Vater received as rain or snow on the summit herbfield'> rarely flows over 
the ;:;urface. * In F igure 1 water is pictured as en tering the soil and moving down­
wards, mostly into the deeply weathered substra te to reappear in t he valley below 
or in a lower catchment area ; some of the water , however, reappears as hillside 
springs, usually marked by the presence of bog.·. The co]d.t.vpe fjaeldmark vegetation 
of the upper ;:;now patch area,<>, although largely bare, p roduces lit tle overland flow, 
owing to the very rocky and porous na ture of the soils (lithosols). P art of the m1,ter 
derived from the late-lying snow patches passes over the carpet of shor t alpine 
herbfield vegetation , but it is soon absorbed into the substrate or by adjacent bogs. 
Most of the snow-water and rainwa ter derived from the hillside herbficlds also 
moves int o the su bstrate : the small part of i t which appea rs as hillside flprings is 
taken up and subsequen tly released by bogs. Towlll'cls the base of the slope where a 
c:ontinuous water-table appears in the soils for t he fi rst t ime, more extensive bogs 

* The main exception is in spring and cad .'· su m mer if tho sn ow slimes ho.,·e not been 
WlUJh cd off th e leaves by spr ing ra ins : under these condi t ions slime-encrus ted , ·egctation 
!Jnrden cd b y exposure to sun m ay prod uce consiclerublo su•·face flows. After hen,·y rain a nd 
per iods of r apid snow m elt, d etent ion-st orage flow sometimes occurs throug h the h e rbaceous 
layer, b ut t his is not to be confused w ith actua l oved a ncl flow. 
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a nd fcns a re fo und. \Yater movement from these areas under natm·al conditions 
is by oozing rather than flowing . Helms (1896) noted that these valleys " ha\e 
no surface outlets for water , or only to a limited extent" . 

On this general pattern is superimposed the sequence down a lllllside water­
course. consisting for the most part of bogs, broken by heaths in the rockier places. 
Each bog acts as a tiJ1Y check dam, reducing the velocity of flow, so t hat t he water 
clischarg;d to the main valley reaches it gradually with min imal scouring of t he main 
bogs and fcns. 

Under na tural conditions in the alpine t ract , the well-defin ed , permanent 
creeks are largely restricted to t he narrower , rocky valleys, and to steep water­
"oHr;:;cs J" oininrr hanrrinrr vallevs to the main Yaller below. 
\. . 0 0 0 ·' • 

T ALL ALPINE HERBFIELO 

Fig. I.- Topographic sequence of ,-egetat,ion in tho alpine truct . 

Hydrological conditions on damaged alpine slopes present a marked contrast. 
Locally . severe da mage on the summit herbfields exposes bare soil which extends 
under the erosive act ion of wind, water , and frost, producing a " flood-som·ee area" 
la rge enough to p roduce o>erland flow (Plate 4, Figs. 1, 2). If t~s overland fl_ow 
occur;:; over Lhc " well-drained " herbfield form of snow grass dunng the growmg 
season, it can kill the grass and subsequently guiles may develop (Plate 5, Fi~s. 1, _2l· 
Such overland flow continues over and beneath the sn ow patch, producmg r ills 
and gul lies t lu·ough the short alpine herbfields at t he base (P late 6, Figs. 1, 2). 
The;:;e gullies deepen and cause drying out of ~he snow pa~cl: peats: often followed 
by erosion, clown to gravel or rock (Plate 7, F1gs. 1, 2). Similarly,_If entrenchm~nt 
develops in the hillside bogs, the resultant overland flow on to adJacent tal~ alpu~e 
herbfields can lead to the death of the snow grass, with subsequent gullymg ;. m 
t-his wa.y hither to umelatecl bog communities on different par ts of a slope separat~d 
by heal thy herbfiE> ld areas become united in drainage by the development of gulbes 
between them. 

The rcsulL of increasin gly channelized flow* towards t he main valleys is that 
the extens ive bogs and fens which occur there, t hemselves of ten damaged by grazing 
and fire (Pia.te 8, Figs. l , 2), are no longer able to a bsorb all of the water received. 
and they too become cnt1·en ched (Pla te 9, Figs. 1, 2). This en trenchment also taps 

* This d iscul'sion of strea m ent renchmen t and sedimentation is also relevant to the 
lower trncts . 
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large reserves of water in the adjacent bogs and fens, resulting in a perma.nent 
creek where formerly none existed . The flows of these unnatural creeks (Pla te 10, 
Fig. 1) differ from the flows of natw·al watercotll'ses (Plate 10, Fig. 2). The creek 
at first develops pronounced meanders, as the soft peat int o which it cuts vertically 
is equally susceptible to lateral erosion. I n time, the stream may scour through 
the peat until rock bars are exposed; these reduce the rate of vertical erosion. 
Lateral stream bank erosion continues, however, with the cutting off of existing 
bends, the formation of new ones, and the continual widening of the creek, which 
discharges water with increasing rapidity . Once this entrenchment has become 
well established it is irreversible except by human assistance in t he for m of water 
spreading and check dams. 

These conditions are now so widespread that most p eople accept them as 
natural, although the contrast to natural streams is usually fairly clear-cut. A 
natural mountain stream (e.g. Blue Lake Creek, below H edley Tarn) usually flows 
through a narrow or steep-sided valley, whereas the induced streams occupy a wide 
and flat valley floor. Both types of stream are fast-flowing but the natural stream 
is comparatively straight while the induced stream meanders. The natural stream 
has rocky sides (or is stabilized by vegetation to the wa.ter's edge) and flows over 
rock (or stable aquatic vegetation) ; this constitutes a stable watercourse and there 
is negligible strea~ ba~ erosion.. The unnatural stream has ba.re peat sides, usually 
flows over peat, IS actively eroding both laterally and vertically, and lacks stable 
strea m bank and stream bed vegetation. The vegetation of the natural streams is 
typically a riparian heath referable to the Podocarpus alpimts-Oxylobi~tm ellipticum, 
or tall alpine herbfield ~omm~nities of Danthonia Jrigida, whereas the vegetation 
of the unnatUl'al streams IS typically transitional from borr or fen towards sod tussock 
gras~land with r~lic stands. of ~he orig~al hygroph ilou~ vegetation, notably those 
dommated by Rtchea conttnentts, Restw austmlis R. Br., Calostrophus laterijlorus, 
and Epacris serpyllifolia. 

From these descriptions of natural and induced streams it should not be 
assumed that free-fl?wing creeks did not exist naturally in some of the broad , boggy, 
or swa~py mountam valleys referred to .. In large catchments of high precipitation 
the pomt must come where the slope either down or across the valley produces 
stream flow. Such natural streams, however , conform to the description given above. 
Thus, although in thes~ instances the s~~·eams flow tlll'ough and over peat, both 
the strean: banks and Its bed are stab~~ed by riparian (often Sphagnum moss) 
and aquatic (usually Carex spp .) commumties, which , furthermore, offer considerable 
frict ional resistance to flow. Stream behaviour in these valleys · · t t' Th 1' ISms rue 1ve. e ow-
stage non-scouring flows a.re carried in the stream chann 1 •t If I · f ·ts• ' e I se . n v1ew o I 
small volume, tortuous course, and obstruction by ripar1·nn d t' t t' . . . .... an aqua 1C vege a ·1on, 
the channel readily overflows, spreading water over t he boggy or swampy valley 
floor. At such critical periods, the actual stream channel carries only a small fraction 
of the total flow. Peak flows a t the end of the va.lley are correspondingly subdued. 
On the other hand, these peaty streams are obviously susceptible t o disturbance, 
which initiates the _lateral and vertical scouring described above. As t llis scouring 
increases. the capacity of the stream channel also increases, so tha t an ever-increas ing 
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proportion of flood flows is canied in the strea m channel itself, virtually without 
overflow on to the valley as a whole. I n this way stream erosion and peak flows 
become increasingly self-accelerating and ineversible processes. 

These processes of catchment deterioration are accompanied by considerable 
soil movement, although the fate of this soil is not always apparent. Large quantities 
of soil have definitely been removed from many areas, especially the higher summits 
such as l\1ts . Loch , H otha m, F eather top , and Bogong in Victoria, and the Gungartan 
and Kosciusko areas in New South Wales. During the last 50 years more than one 
million tons of soil have been eroded from about 3 sq. miles of the Carruthers­
Twyna m area alone, about half the capacity of Guthega Pond a few miles down­
stream . Inspection of the many hillside bogs which n aturally play the part of sma ll 
check dams shows that these areas are receiving large amounts of soil material , 
as are natural depressions (Plate 11, Fig. 1). The best example on a large scale is 
t he swampy cirque between the eroded slopes of l\It. Twynam and Blue La ke, which 
until a short t ime ago was peaty to the surface and now contains up to a foot of 
eroded soil (Plate 11, Fig. 2). However , this siltat ion process ca1mot go on indefinitely. 
The natural storages have so far been able to absorb much of the eroded material 
but in many areas "soil-satw·ation" point has almost been reached. The removal 
of the arrested silt appears to be catastrophic in nature, inasmuch as a deposit 
built up over several yeal'S can be partly destroyed during a single very heavy 
rainstorm. The recent accumulations of large bars of sand and gravel in creeks 
where they were inconspicuous even 10 years ago (e.g. Carruther's Creek, Spencer's 
Creek, Bett 's Creek, .Upper Perisher Creek, and Dicky Cooper Creek) can be inter­
pret ed as evidence that some silt traps are now starting to break down (Plate 12, F igs. 
1, 2). T here is field evidence that the sediment in t hese bars moves largely as 
bed-load ; therefore, it is not detected in the standard sediment surveys which 
measure only suspended material and are based on the assu mption that t here is 

turbulent flow. 
The fate of the peat eroded from entrenched hillside and valley bogs and fens 

is also interesting. The exten t of recent la tera l and vertical stream erosion shows 
that large quantities of peat have been removed , but owing to the fact that it goes 
rapidly into a finely suspended or colloidal condition, it is not detected in usual 
silt surveys. E ven during periods of normal flow, however , many streams now 
have a perceptibly bro\\1lish tinge, indicating that peat erosion is occurring higher 
up, and if inspected during low flows they are found to contain murky patches of 
temporarily deposited peat. 

(b) Subalpine Tract 

In subalpine areas the hydrology is similar to that described for the alps. 
A typical vegetation pattern from near tree-line to a lower subalpine valley floor 
is sho1m i.n F igure 2 ; heath vegetation may be superimposed locally in rocky places 
and, as in the alps, steep do"nslope watercourses consist of many boggy sections 
interspersed with riparian heaths. 

Under natural conditions, overland flo11· is uncommon, alt hough detention­
storage flow tluough the herbaceous SIYard is sometimes considerable. This detention 
storage i well shown in the broad subalpine valleys of the north-western l\Ionaro 
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(Ta11tangara etc. ) ll'here heavy rains produce several ulChes of ll'<"ttcr betu:een and 
among tussocks over most of the yalJey floor . The replacement of such a coa rse. 
tussocky surface by a smooth one iJ1 the form of a closely grazed pasturC'. redu ces 
detention-storage capacity and thus produces surface run-off 11ith the danger of 
channellized fl ow through t he valley. 

Damaged snow gum areas commonly develop into " flood-source a reas" (Plate 
13, Fig. 1), as do t he summit alpine herbfields. Where deforestation occurs en masse, 
the resultant e:ll.-tremes of " ind and low temperatur e may exceed the capacity of 
the tree seedlings to re-establish themselves. One of the most strikingly hydrological 
effects of t his treeless condi tion is that less snow is accumulated, often exposiJ1g 
the soil to frost action when normally it is protected by a mantle of wintC' r and 

Fig . 2.- Topographic sequence of vegetation in t he su balpine t ract. 

ea rly . prmg snow. This is seen along pa rts of Disappointment Spur above t he 
)lunyang River and the watershed betll'een the Crackenback and Snoll'v Rivers 
iJ1 the Kosciusko area. The exposed soils sometimes remam frozen fo1· ~xtended 
periods iJ1 which condition they are largely impen ·ious to moisture and can produce 
overland floii'S. As far as actual water yield is con cerned, the loss of snow from 
the higher deforested areas, especially t hose situated along t he watersheds t hem­
;;elves, means that less water is a vailable to the higher streams, and that some of 
:he sr:ow blown ov~r into t he lower catchments melts sooner , thus mcreasmg t he 
mteru tty ~f the sprmg tha": floods at the expense of more sustamed water yield. 
The duratiOn of t he melt p~nod, and hence the usability of the water, is also redu ced 
by as much a~ one m,~nth , m ~he ~~sence of t rees. Smface run -off dmmg the gro11i.J1g 
;;;eason can kill the well-dramcd form of snoll' grass of lo11·er sl d · ·t· t . . . opes an 1111 ta e 
g~ll.v formatwn. T?e hillstde bogs, damaged by sil tation and OYerland flow, also 
discharge water raptdly towards the sod tussock gras ·lands and boas of Lhe lower 
sl?pes and valley fioot· (Plate 13, Fig. 2), where en tren chment oc~urs (Plate 14, 
Ftgs. 1, 2). Exa mples of recent creek formation with vertical and la teral erosion 
are so numerous as to constitute the general condition throughout most of the 
Australian AJps. ~n the Snowy )lot~tains area the Big Bogong Swamp. F inns 
Swamp, Boggy Plam. and Snowy P la ms arc typical examples. 

The Hotel Kosciusko area provides an example of the relation between catch­
ment condition and rate of ero:ion both from the catchm ent as a ll'hole and from 
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the stream hanks. The upper catchment area of Digger 's Creek supplies water to a 
rescn oir for use hy the H otel. The catchment was fen ced off from grazing 
immediately after the 1939 fires. Excellent regeneration of snow gum has since 
occurred, and most of the bogs a re in an active condition. Sno\\· surveys have shown 
t.ha t the spring tha.w is more p rolonged u1 this catchnient t.han on adjacent wuorested 
land. The reservoir in the protected catchment sho\\·s only mmor siltation and the 
Yallcy floor leading UltO it is CO\'ered by a large active bog in which t here is li t tle 
scouring of watercourses (Plate 15. Fig:. 1, 2). The adjacent catch ments " ·hich 
have continued t.o be gmzcd show ]e.·s regeneration of snow gum and bogs, and 
the valley of Little Diggers· Creek above t he Hotel K osciusko Lake is activel.v 
scOHJ'iJ1g. Smce 1939 the H otel Lake, into 11·hich the grazed catchments dram, has 
dc,·clopcd a sil t bar about 40 yd long a nd 60 yd at its longest poutt. (Plate lG, 
Figs. 1, 2). 

(c) 1lfonlane Tract 

A more or less natural upper montane CJnironmen t consists mamly of well­
gmsscd , uneven-aged sclerophyll forest, broken by tall natural meadoll'>: of t u.· ocky 
Poa. Steep hills ide gullies conta in S1Jhagn111n bogs. A:.: a t the highe•· eleYations, 
t hese natural conditions p roduce lit tle overland flo\1-, and when in the meadows 
surface flow occasiona!Jy occurs. the ta ll tussocks spread the water and reduce floll' 
velocities to a mul imum. 

In damaged forests, the development of par tly bare soils is usua lly accom ­
panied by the replacement of the tall tussocks of t he meadows by a. shor t, closely 
grmwd sward of naturali7.cd cloYers and fu1e gm es on which detent ion-storage 
capacity is comparatively small . The overall result is t hat i.n crea. eel flows from 
t he forests reach the shor t-grazed mcado\\·s which become channcllized to form 
gull ies and creeks. This fmther hastens the movement of water cloll'n to lower 
levels. These contra:tmg condi tions are seen side-by-side u1 the Upper Cotter Ri,-er 
area above the Old Cotter H omestead, and along Old Yaouk Creek and adjacen t 
tributa ries of t he l\1urrumbidgcc, a few mi les to the south . In the Upper Cot tC' r 
area , where there has been virtually no grazing for a bout 40 years and few fi res, 
the sclerophyll forests are well grassed and the fla ts a re covered by ta ll tussocky 
Poa up to 3 ft high, Yirtually wit hout con tmuous surface drainage lines (Plate 17, 
Fig. 1). In the heavily grazed and frequently burnt Yaouk area, on the other hand . 
t.he forest fioor ifl poorly gm ·sed and t.hc Poa flats have been ]aTgely converted to a 
::;mooth, short swa rd u1 ll'hich small creeks a rc actively formutg (Plate 17, Fig. 2). 

Su1ce it is the a lpine, subalpinc. and upper montane country ll'hich supplies 
mof!t of the wa ter to the mounta u1-fed streams of south-eastern Au: tralia, the 
changed hydrological condit ions m t his higher count ry must be producmg corres­
ponding rhang<'s m the loll' er reaches of these streams . 

IV. E coLOC:ICJ\L PRl~ClPLEs m R ELATlON 'l'O Co 'SERVA'l'IOX AND LAND U E 

Notable features emergutg from earlier II'Ork (Costul 1954, 1957a) and from 
the pr('sent study are the variation u1 t rends in one and the same motmtaul area , 
and the ,-a riation between different areas. 

http:naturali7.cd
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E ach area, except the largely stable and up-trending Cotter Catchment, 
shows a complex of conditions, "ith well-marked downward trends in one or more 
land units or parts of them and stable or uptrencli.ng conditions in others . These 
differen ces result from the "ide variation in grazing intensities " ·ithin an area and 
from varying susceptibilities to disturbance. 

The varia tions shown between differen t areas- for instance the Baw Baws 
and E cho Flat with a large measure of recovery , the Buffalo Plateau and Kosciusko 
area with widespread deterioration, and the mountains of the Cotter Catchment 
in a generalJy stable or upgrade condition- arc relat ed to differen ces in the nat ura l 
environment and in t he intensity of past and present use. The rela tively oceanic 
climate of t he Baw Baws and E cho Flat has fa,vourecl greater recovery than the 
more continental conditions of the Snowy l\Iountains and the Buffalo Plateau. On 
the other hand , the mountains of t he Cotter Catchment, which also e~:perience 

continental summers, are more stable than the adjacent Snowy l\Iountains arcn-, 
on account of t heir comparative freedom from recent grazing and fires. In most 
cases there is sufficient evidence tha t protection from fires and grazing will check 
deterioration and encourage upward trends, although this recovery is to be reckoned 
in terms of decades rather than years. The main exceptions to this generalization 
are seYerely da maged areas in difficult environments, where stability has never 
been restored despite many years' protection from grazing and fires. In such cases 
supplementary conservation measures are also required . 

A number of principles emerge from this study, which have application to 
problems of land use and resotu·ces conservation in general These are the non­
parallelism of soil and vegetation trends, both between different areas and on the 
same area ; the irreversibility of t rends ; and the significance of flood-source areas. 

That t here may be non-parallelism of trends between different areas is obvious 
enough when they differ appreciably in their reactions to the same combinations 
of influen ces. This requires lit t le comment , except to say that it is st ill la rgely 
ignored in land use. 

The second case of non-pa rallelism of soil and vegetation trends-on the sa me 
area- is rather less obvious. 1\Iost ecologists and conservationists favour t he view 
that soil and vegetation change in t he same direction, whether it be up or d0\\11. 
In most cases this is t rue, and, if the time interval is long enough, it is always so. 
However , there are cases when soil and vegetation trends may move in opposing 
directions for considerable period.c; . In mtfavourable environments, initially severe 
disturbance of t he soil sets downward trend.c; in progress. Because of the depth 
of the solum, however , some of the surviving plants may continue to grow for the 
rest of their· life-span, which in the case of slu·ubs may be as long as about 20- 30 
years. Vigorous a.ru1t1al and shor t-lived perennial herbs (e.g. sorrel) may a lso 
reproduce t hemselves, particularly if soil erosion is largely confined to short period. 
of the year . and thjs may continue until t he soil mantle has been reduced almost 
to t he underlying rock. An important implication of this non-para llelism of soil 
and vegetation trends on the sa me area is t.he relative weights which should he 
given to soil and vegetation condition . 
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It has been seen that a relatiYely large area of stable or upwarcl-trending 
count ry can be changed in a do\n1grade direction by the impact of damage from 
an adjacen t do,mgrade area. In the Australian Alps the best examples of t his 
interaction of t rends are in the summit a reas around Mt. Twynam and Carruther's 
P eak , where damage initiated near the tops has spread not only siclewards and clo\nl­
\mrds but also up,mrds (by wind and frost action) into larger a.reas of hith~rto 
uncla ma<Ted or recovered land. The accelerated nm-off from the damaged sectwns 

0 

has also dcstroyecl hillside snow-patch areas and bogs, finally resulting in entrench ­
ment and erosion of valley-bottom bogs and fens removed from the original source 
of damage. In many parts of the Australian Alps (e.g. K~sciusko , 1\'Its. Bogo~1g, 
Loch H otham. and Fcathertop) this interaction of t rends w1th resultant extenswn 
of d~wngradc a reas has reached irreversible proporti?ns, a~d is :rroducing large 
a reas of ha re rock and rubble which from the successiOnal Vlewp omt are a return 
to the early post-glacial condit ions of thousands of yea:s ago .. Land use pla~g 
should give consideration to all areas which direct]~ or indirectly mfluen ce a partiCular 
piece of land, and a ll areas which are affected by 1t. 

1\lost damarred areas a re usually capable of recovery following the removal of 
the dist urbing a~ent. In very unfaYotu·able sit uations, on the other hand, slight 
damage can in itiate downgrade t rends which continue and even accelerate, a~ter 
the disturbing agent is removed. This sugg~sts tha t , a~ though the pre-graz~g 
period was one of . tability and up,,·ard-t rendmg (cf. Se~t10n II(l)) , all of_the h1gh 

· 1 cl tm1·ts ,,·er·e not necessarilv in harmony w1th the macroenvu·onmentmountau1 an · ·' 

in all areas. Climax vegetation may continue to maintain itself and spread slowly 

by virtue of a favourable microclimate partly of its own mal~1g , tmcler m~crO·· 

I. t" d·t·0 11s ,vh1"ch are unfavourable for the revegetatwn of extenstvely c rma JC con 1 1 . ' . 
eroded areas or t he colonization of new ones. Tlus situation obtains in the badly 

alp l in exposed situations on . ·110 herbfields and subalpine woodlands the clamagecl 
Alps. lrt these cases it seems necessary to :rostulate more favourable pos~-glac1al 
conditions (m ilder and moister summers. wrth fewer frosts and stm~g wmds) to 

tile dcYelopment of these comnlluuties to t he limits to wh1ch they now accoun t 1· 
r0 r . . 

-t cl Other ye<Tetational e\7 idence from the Monaro regwn (Costm 1954) also 
ex en . o · cl Ir 1
indicates that these more favoumble post-glacial conditions prevaile . . 1 t tese 
· t es t lte 1·equirements of successful land use are clearly more strmgent and1ns .anc , . . 

. · . t l a11 for most tvpes of land, since managemen t practices, besides conformmgpi CCISe 1 .r . • • . . 
to con ventional needs, must also preserve the m1croenvu·onment 1f long-term stability 
of the soil-vegetation sy. tem is to be safeguarded. 

The preceding discussion points to the impor tance of flood-source areas. 
]\]'any exa mples have been given , ranging in size from a few square yards to whole 
wa tersheds and adjacent slopes. At the one extreme are damaged pa tches near the 
to of steep slopes from which overland flow on snow grass dw·ing the growing 
se~son can f<ill t he grass and initia te gullying. At the other extreme are more 

·ve platea·t• areas sit uated at the watershed from wluch overland flow notextensr < < 

only causes gullying on adjacen t slopes but also causes entrenchment of exte~i,-e 
borrs along the valleys, producing permanent creeks where they hardly eXISted 
before. Because of t he variable significance of damage in different areas. ranging 
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from t he most critical summit flood-sow·ce areas to those which can recoYer <' I"CII 

from seYere damage, information commonly presented in standard erosion surYeys 
can be misinterpreted. For example, up to about 50 per cent. of a cer tain ca tch­
ment may be moderately damaged, " ·ith t he da mage spread tuuforml~r as numerous 
small . discrete openings over the ,,·hole of the catchmen t area, but there may be 
few damaging overland flows. On t he other hand, if about 20 per cent. of a similar 
catchment is da maged but this damage is more concentra.ted as larger openings 
permitting greater opportunities for overland flow, quite serious flooding and soil 
losses may result. Finally, if only 10 p er cen t . of an otherwise similar catchment 
is da maged, but this damage is concentrated on the water:;hed itself ("·hich usually 
receives the hea,7iest precipitations and on wh ich the op1Jortmuties for overlan d 
flow are greatest), overland flows from the damaged watershed section can cans<: 
serious floods and erosion on adjacen t undamaged land. 

.A recent example was the behaviou r of the Snowy R i,·er following t he raiJl 
of D ecember 29, 1957, when 5 in. were recorded at Spen cer 's Creek and probably 
about in. fell along the Main R an ge itsel f. Although the rain fell steadily, i t was 
not exceptionally heavy (about 1 in. an hour maximum intensity at Spencer's 
Creek). nor were there many late-lying snow patches from 1\·hich much snow-melt 
rw1-off could be produced. H owever , the flow of the Snowy River at Guthega 
exceeded 14,000 cusecs (average late December flow about 200 cusecs), and produced 
unexpected flooding at ' Vaste P oint and Jindabyne downstream. Subsequen t 
in.<;pection of most of the flood-source areas (including vehicle tracks) sho11·ed they 
had been the origin of high and appa rently violent flooding in the s t.reams below 
them, and t he source of locally very heavy soil loss (on bare areas of Canuther's 
Peak an average of about 1 in. of soil ). 

The significance of flood-source areas is now becoming recognized in the 
United States where it is accep ted t hat ml.lcss repairs are effect ed immediately 
when t he damage is small the exp ense of lacldi.ng t he work at a later stage may 
he prohibitive. On t he \ Vasat ch Plateau in Utah . for example, reclamation costs 
on 1300 acres of fl ood-source areas a mounted to 300,000 dollars, representing an 
investment of 230 dollars p er acre (Bailey. Cradclock , and Croft 1947). At Carru t her 's 
Peak near )ft. K o ·ciusko a reclamation trial by the Soil Consen ·ation ScrYice of 
~ew South ' Vales on a bout 2 acres of flood-. ource area amounted to several hundred 
pound<> per acre. and this does not include a considerable a mount of maintenance 
and follow-up work which will be Pceded. in fu ture year :;. 

l'vfJ·. E. S. Clayt on , Commissioner of the , oil Con!'>en ·a.tion Service of New 
S011th ' 'Vales, and 1\lr. L. Du~·ham , District Conser vationist at Cooma. kimlly per ­
mitt ed reference to data ohtamed from t heir experimental endosures in the Snowy 
:Mountains. Dr. 1\f. J acobs and l\lr. A. Macarthur of the Forestrv and Timber Bureau 
and Professor L . D. Pryor. Uni1·ersity College, Canberra. p~·o 1ided a. sistance iJ~ 
obtaining information on t he Cotter Catchment. 
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APPENDIX I 

DETAILED l\IAPS 

The distribution of the high motmtain areas referred to in this paper is sho\\-n 
· di u p ublication (Costin 1957b Fiu. 1). 1\fore detailed information can1n a prece n 0 o• 

be obtained from the maps listed below. 

T'ictoria : 
Baw Baw Plateau (Victorian Mountain Tramping Club). 

1\Tacalister R iver Watershed (Victorian l\Iou.ntain Tramping Club). 

Darrro lfi rrh Plains (Forests Commission of Victoria, D11'g. N o. 55- G/ 111). 

Tou7-ist M~p of Mt. Buffalo National Park (Victorian R ailways). 

General P lan of K iewa Scheme (Dwg. No. O.E. 49/16/SB, State Electricity 


Commission. Victoria). 

New South IVales: 
S.M. A. 1 in. series (2nd Eel.). covering Snowy l\Iountains Area (Snowy Moun­

tains H ydro-Electric Authority, Cooma). 

Australian Capital 'Territory: 
Topographical Ma p of Australian Capital TPITitory and Environs (Department 

of Interior , Canberra). 
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EXPL~ 1- 18'l"ATION OF PLATES 

P LATE 1 

F ig. 1.-~atural stand o f suba lpine wood la nd near t he Ginin i F la ts 111 t he .-\ustralian Capit al 
T errit ory, sh owin g t he m ature. w ide ly s paced t rees, and t he forb-r ich he rbaceous 
stratum con taining s uppressed snow gum seedlings. 

Fig . 2.-Soil conser va t ion e n clos ure at Long P la in n ea r t he head of .i\Iurrumbidgce R i,·er, 
sh owing regen era tion of snow gum following protection from grazing. 

PLATE 2 

F ig. I.-T a ll a lpine h erbfield near .i\lt. T ownsend in the Kosciusl·o m·ea 1 · b 1 f , . . . . . . · " , s 1o"·1ng a unc a nce o 
Celmtsw longijolw, Graspedw unijlora, and Euphrasict gl c · z· ' " t t t 11 ,. . . .a za lS ·ve s ., as '"e ns 
sn ow g rass. Smce th1s par t ic ula r u rea has been under observ a t ion (from 1946 onwards. 
t wo years afte r rem oval of ~razmg), t he incr ease in fo rb s has been s pect acula r (c f. 
Gungar tan a rea; Plate 3, F 1g . 2) . 

Fig . 2.-T all alpine he rbfield in Kosciusk o a rea showing prolific seed ing o f Gelmisia and snow 
grass (cf. Gungarta n a rea; P late 3, F ig. 2). 

PT.ATE 3 

Fig . 1.- Dcmthonia j1·igida on western slopes of i\It . K osc iusl·o f . . . . ' , one o t11c se,·eral conspicu ous 
h erbs w hiCh h as b een mcreas mg smce grazing ceased 1·n 1n

" 44 T h is and o t h er s pecies 
are v iTtu a lly a bsent in the g razed Gungar t an urea. · 

F ig. 2.- T a ll a lpine herbfield, Gungar tan , showing prep onde . f 
. l an ce o s now g rass, widespread 

d evelopm ent of mter t ussock spaces and bare areas, and 
r elat ive lack of fo r bs and o f

flowering and seed production. 

PLATE 4 

F ig . l.- Erodi11g tall a lpine h e rbfield , Car ru t he r's P eak. I n 1 . .806
H elms as be ing covered with vegetation. D a rna this area was descnbed by 

ge was p r ob ably · ' t'111t d by ve ry
hea.\'y g razing during t ho 1895- 1910 drough ts . Altl10 h 1111 _e . 
since l !)44 , active e r os ion s t ill continues. An irreve bulg t he re h as been httlo g razmg 

. rs i e t r end h as been set 11· 1 p rog1·ess 
wh ich , in t he absence of so il conservation worl ·s - · • •11 1' · ' WI end to t l1 · I t 1·cm ova l of the h e rbfield vegetation nnd so ils . e comp e e 

Fig. 2.- This str ipp ing of t he p lant-so il mantle from Carruth ·' p . 
flood-source areas from which surface r· ff . Cl 

5 
eak has produced ext e nSIVe 

un-o IS scour · t h
d ownslope. · · mg r oug h ground-wate r a reas 

PLATE 5 

F ig . I.-Close-up v iew of e roding a lp ine h erbfield in theCa . . th 
of plant-soil m a n t le as a face . The remn' · uu er 's P eak a rea s howi ng r emoval

<•ll1mg rubble is b · . 
fjaeld mark species which we re prob ably m ore corn e mg colom zed s pm·sely by 

mon a t t he end of t he las t 1ce age. 
Fig. 2.-0verland flow fr om flood -source a r eas onto unda d 

· h G · m age herbfield 1 · t h o · 1gseason can kill t e s now g rass. ulhes m ay t hen c urmg e g r w u

c1e\·eJop. 

PLA~l'E 6 

Fig. I.-Erosion of s hor t alp ine he rbfield, Peris he r R ange. AI h . 
the plant-soil mantle continue.;; t o be stripped off t ough grnzu1g h as now ceased .1c own to t he cl 1 · 1 Lowe r 
slopes are being ach·ersely a ffected by the resultan t un er y mg roe' · 

overland flows 
Fig. 2.-. table s hort a lp ine herbfield, near t he R a m shead, showin · · . 

wate r over t he whole of t he surface . T her e is no ~ t he s pread mg of sn ow-melt 
channe hzed flow, as in t he da m aged 

~now -patch area shown in F igure 1. 

C:I.'J'CHMEN T HYDROLOGY IN T H E AUSTRALIAN .ALPS. I 35 

PLATE 7 

Fig . I.- Large a reas of bare rock a re be ing exposed along the h igher ranges. Many of these are 
accepted as nat ura l, bu t closer inspec t ion often revea ls a recen t origin. I n t his example, 
a fe w fragm en ts of short a lpin e her bfield s till remain . 

F ig . 2.- The recently exposed rocks a re fresh -looking without lichen growth . T he or iginal le ve l 
of soil and vegetat ion is usu a lly m a r ked b y a d istin ct rock l ine. l\lany flood-sou rce 
a reas commence in t his way . 

PLATE 8 

Fig. I.- Erosion of fen down to t he unde rly ing gra\'el (cen tre of phot ograph). T he d et en t ion­
storage ca pacity of t h is area is correspon dingly reduced. The ba r e area marks the 
posit ion o f Russell Tarn , d escribed b y H e lms in 1896; t he orig inal peat b ank of t he 
lake is still partly vis ible. 

Fig . 2.-Sm all fen t arn, nea r l\lt . Townsend , of t he type described by H elms . 

PLATE 9 

Fig . I.- Initiation of small creek in a fe n below Sea m en 's Hut; channellized flow is n ow well 
estab lis hed . The orig in of t h is damage is th e er oded b og visible above th e centre of 

the p hotograph . 

Fig. 2.- A s imila r area s howing tho na tura l ty pe of flow dur ing t h e spring th aw. The water is 
s p read e\·en l~· over m ost of t he \'alley, w ithou t scouring. 

P LATE 10 

Fig . 1.- An u ns ta ble stream , Upper Spe ncer 's Creek. The creek h as fo rmed in peat , in which 
the re is Ye ry active st1·eam bank erosion , resul t ing in th e widening and deepening of 
t he channel. La rge sand a n d gravel bars h a , ·e formed , from which t he re is appreciable 
transport of sedime n t d owns trea m as b ed -load. 

Fig. 2.- A stable st1·eam , below .i\It. T ownsend. The c reek has s ta b le banks and b ed and is 
s t abilized by vegetation to t he water 's edge. Sand and gra \'el bars a re v irt ually lack ing. 

P I.ATE ll 

F ig . 1.- Spha(JIWin bog, acting as a sm a ll silt trap to an eroding flood-source area, near G ungo.rtan. 
F ig. 2.- Cirque a bove Blue Lake, actir1g as a la rge s ilt t ra p to the extens iYe flood-source a reas 

near i\l t. Tw~-nam . T he peat~· surface of the floor of t he cir que is abrupt!_,. O\'erlain b~­

sediment; t he whi te a reas are recen t!~· eroded stones and gra\'e l. 

P L A T E 12 

F ig. J .- AC'cu m u lntion of sand and g i·a,•cl bars in creek below the Carru t he r's flood-source a reas . 
Th is m ate ria l is m o,·ing downstream as bed -load. 

Fig. 2.- Accumulat ion of sand and gm,·cl bars in t he Upper Snowy Ri\'er . 

P LATE 13 

Fig . 1.-Flood-~ou rce a reas in the s ubalpine trac t abo\·e D aner 's Gap. The or iginal tree co,·er 
has been destro,,·ed b_,. fires and g razing, and th e herb aceou s sward and soil a.re now 
be ing st r ip ped off. I n t his exposed local i t~-, these ar e p robab ly irreversible changes. 

F ig. 2.-0pe n ing up of sn ow grass on lowoi' su balpine s lopes, near Happy J acks . The resultant 
loss of d eten t ion -storage a nd infilt ration capacity in the catchment has con tr ibuted 
to accelerated scouring a n d stream e rosion along t he once-boggy , ·a lley floo r. 
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P l,ATE 14 

Fig. 1.-Acl i,·e st ream scouring and erosion alo ng Li t tle D igger's Creek . The cal f' hmcnt hn1< 
been bad ly damaged by grazing a fte•· fi res. 

Fig. 2.-An adjacent valley in t he ungrnzed T rc fRe P a r k a : ea whct·e thc•·e has been good 
regeneration. A t hig h flows t he wa tc•· is spread •·igh t across the ,·allc~· . with minimal 
scouring. 

P L ATE ] !j 

Fig . 1.-Reser, ·oir in p rotected ca tch ment of Uppc•· Digger 's Creek. T here is on ly mi no •· 
silto tion . 

F ig . 2.- T he broad b oggy \'a lley ab o,·e t he R escn ·oir. Acti,·e Spha[JIIWII hummock,.; n re in 
abund ance a nd t here is VCI'." littl e scom·ing nnd creek fo•·m a t ion . 

Fig. I .- H otel K osciusko Lake, which receives water from a la rge a rea of d amaged cntch m en t. 
The s il t b a r has advanced about 40 yd since 1939; the rema ins of a n old pigeon loft 
m01·k t he original edge of t he lake. 

F ig. 2.-:\n old photograph t aken b.'· t he lute George P etersen, fo rmerly :\[onager o f I he H otel. 
s howing t he or igina l margin of the lake. 

P L ATE 17 

Fig . I.- The U pper Co t te r Valley abo,·e the Old Cotter H om e!'t ead, sh owing t he notu rnl con­
dition of the forest m eadows. Entrenched dra innge li nes a re ,· irtually Jacking . 'l'h is 
area has been comparat ively free f•·om g•·azi ng aud fi res fo1• a. long t ime. 

F ig. 2.- T he Old Yuouk Creek area a few m iles sout h. Bu1'n ing and g razing h ave led to tho 
rep lacement of t he origina l tussock s by a. sh o•·t. pa la t nble s wa rd. This s urface has n 

lower d et ent ion.storage and infil tmtion capacity, nnd rC'ccntly for med c•·eoks arc 
act ively cu tting t h rough it. · 

PLNI'E 18 

Fig. 1.- An example of flood-source a reas d ue t~ engineering act ivities a long the i:inowy Y ulloy 
and P er is her Creek. Although occup,nng a relati,·ely small area of t h e catchmen t, 
th e p •·oximity of the road s and tracks to major streams mean s that th e ir eont.·ibu t ion 
of sed iment may be cons iderable. 

Fig. 2.-Scdiment deposited in t he a<') ueduct int ake on P cris he r Creek. 




