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CRYPTOGAMS. VASCULAR PLANTS, AND SOIL HYDROLOGICAL
RELATIONS: SOME PRELIMINARY RESULTS FROM THE
SEMIARID WOODLANDS OF EASTERN AUSTRALIA

D. ]. Eldridge’

ABSTRACTT

Grazed and unorazed sites were examined in a semiarid woodland in eastern Australia to determine

relationships within various types of eryptogams. and the role of ervptogams in pasture dynamics, infiltration, and water

osion. Strong re l,l[in“\inl)-\ were found between vascular |:];ml cover and cover of cryptogams tor nine r'allgv]:m{] sites

over an 18-month period. In the absence of vascular |1|;mt\'_ sites with low cover of ervptogams were dominated h_\' algae.
Ihe presence of a eryvptogamic crust had no sienificant effect on infiltration at ungrazed sites but significantly increased
infiltration at some grazed sites. Splash erosion was very low on soils with at least 50% crvptogam cover. Below this level

splash erosion increased markedly, along with the proportion of fine sediments lost.

Key words: eryptogamic crusts: hydrology, soil: infiltration; eryptogain r'fg,:mmu'r'.\ ; mit‘rr},nh_r;"if' crusts; semiarid wood-

lands: sorptivity: Australia

Cryptogamic or mi(-r()]‘:ll_\'ti(' soil crusts are
an important component of arid and semiarid
rangeland environments. ']‘In'_\' OCCUT A4S assen-
blages of aloae, lichens, liverworts, and mosses
and. in some areas where vascular ])[amts are
absent. are the predominant biological ground
cover. In these environments cryptogams p];l_\'
an important role in soil sl;lhilit_\; nitrogen fixa-
tion, and biomass prn(]lu'limi (Isichei 1990).

Cryptogams are (-{:nnnnnl_\ pioneering spe-
cies in the revegetation of degraded soils (Bailey
et al

semiarid castern Australia suggest that cvano-

1973). Observations in some areas in

bacteria are the most common taxa found on
disturbed sites. The rv];ltitmxhil) between vas-
cular flora and cryptogams, however, is not well
understood. From studies in North America.
Schofield (1985) concluded that

crease in cover as forbs and grasses dre ]n‘ngn’x—

Mosses in-
sively eliminated by overgrazing. Studies in the

semiarid  woodlands  of  eastern

\ustralia
Mucher et al. 1988 reported a strong positive
r:-h!:umiu{: between vascular plant biomass
and the area of the soil surface ¢ wered by Cryp-
togarmic mats . -

e role of cryptogams m infiltration is not
well understood and results ol ||-‘i\=a'r'i'_|'n! I'e-

search have often been :'Ulﬁ?-u‘!'!_-_; [ncreased

infiltration has been observed on areas with
microphytic crusts compared to areas without
(e.g.. Blackbum 1975, Fletcher and Martin
1948, Gifford 1972, Yair 1990). However, other
rescarchers (e.g., Brotherson and Rushforth
1953, Danin 1978, Gractz and Tongway 1986,
Loope and Giftord 1972, Rogers 1977) showed
that the presence of ervptogams of variable
cover reduces infiltration.

As cryptogams are often associated with
sparsely vegetated landscapes with high natural
rates of erosion, it is natural to assume that th(*_\-'
plav a role in reducing erosion (West 1990).
Claims of reduced water erosion due to cryp-
togamic crusts are widely reported in the litera-
Lire (B, (I;unphc” et al. 1989, Chartres and
Mucher 1959, Greene et al. 1990, Kinnell et al.
1990, Mucher et al. 1988, Rushforth and Broth-
erson 1982, Yair 1990). The resistance of cryp-
togamic crusts to erosion is thought to be due to
cvanobacteria and to a lesser extent fungi asso-
ciated with the ervptogamic mats. Polysaccha-
rides produced by evanobacteria and fungal
hyphae (Tisdall and Oades 1982) bind their
cells, filaments, and surrounding soil particles
into small aggregates (Shields and Durrell
1964). These aggregates have enhanced stability
mwater and help to protect the soil from wind
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and water erosion (Fletcher and Martin 1948,
Greene and Tongway 1989).

The role of (nptu rams in ecological proc-
esses in semiarid regions has received little at-
tention until recent reviews by Harper and
Marble (198S) and West (1990) appeare :d in the
literature. These reviews draw heavily on pub-
lished research from semiarid regions of North
America, Australia, and Israel. In the semiarid
rangelands of eastern Australia, research is cur-
re ntl\ underway to examine the spatial distribu-
tion of cr \pf(ltfdﬂ]l(' surfaces, their re thlunshlp
to vascular plants and rangeland condition and
trend, and their effects on infiltration and
erosion.

In tluspapm [ present preliminary results of

research on the (11“t1‘]hllt1(nmf(r\])tng‘lrmt flora
and their role in vascular plant dynamics, splash
erosion, and infiltration.

MATERIALS AND METHODS

Study Area

All studies were undertaken at Yathong Na-
ture Reserve and “*Coan Downs', uppmxinultvl_\'
140 km southwest of Cobar in western New
South Wales, Australia (32°56S, 145°35'E. Fig.
1). Sheep grazing on native pasture is the prin-
cipal land use in the region. ‘Coan Downs’ is
typical of grazing properties in the area where
merino ewes and wethers are run in put!dnckq
of approximately 20004000 ha. Yathong Na-
ture Reserve has not been grazed by shee P,
however, since 1977. It currently carries large
populations of rabbits (Orye tolagus cunic ulus),
grey and red kangaroos (Macropus giganteus.
M. fuliginosus. and M. rufus), and feral goats
(Capra hircus; Leigh et al. 1989).

The climate of the areais characterized by a
low and unreliable rainfall averaging 350 1
per annum. Rainfall is v\'(‘nl\' distributed
throughout the vear, although winter rainfall
Jllll(‘ August) is SI!U]It]\ less numhh than sum-
mer l'(llllf:l.” Maximum and minimum (]nnn 1]
temperatures range from 35.0°C and 19.6%C
January to 16.0°C and 3.6°C in July. The area
receives on average 23 frost (Ll\x per annumn,

and annual ey apor ation at Cobar to the north of

the study area is dl)l)]()\ll]l ately 2575 mm (Bu-
reau of \letemmlnm 1961). The highest wind
runs are e\penenwd from spring and late sum-
mer (September—Febrary), which correspond
with the period of maximum soil erodibility.
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Location of the study area in eastern Australia

Yathong Nature Reserve and ‘Coan Downs'
are located on the southemn tip of the Cobar
L{]lp] in on gently undulating plains to 3%
slo pe derived from Paleozoic rocks including
are uuh s (Iwaszkiewicz and Se |r||)|w 198S). The
xml\ overlying much of this landscape are red
and red-brown clay loams and loams (Typic
Haplargids: Soil Survev Staff 1975) . with grada-
tional texture
amounts of stone and gravel.
Vegetation at Yathong Nature
‘Coan Downs’ is open woodland dominated by

)lt;|l|t s containing  vari ible
]
]“ll'\l'l'\l' ;llll]

red box (Eucalyptus intertexta). white cypress
pine (Callitris glaucophylla). and wilga
parviflora). Understory pastures are dominated
Aris-

(;‘."flll.’lr rei
by speargrasses \!fpu spp-). W Iregrasses
(u/u spp- ). and various anmual forbs.

Cryptogam Dynamics St m]}

In conjunction with the study of the role of
cryptogams in infiltration discussed below
datawere collected on total cover of eryptogams
and cover of various cryptogam “I" s (i.e.
. Data ar
prese nted for 43 locations from t]:: ungraze |!
Yathong N
the grazed ‘Coan Downs'.

mosses, algae, lichens, and liverwort

lature Reserve and 34 locations from

Pasture Dynamics Stuchy

As part of a larger study of the 1r'l:iih=r'.|1.
changes in pasture - dynamics, cover and species
(nmlnmhrm of v: NH] ur I‘I nts and cover ...!
(|\])lutfu||x were recorded at regular intervals

from nine large sites between Septe mber 1988

and February 1990. 1
500 m. At each site, HH_\ 0.25-m niu.u!r.:h Vere

,-l‘ll‘\| '|1||'.;-I]T:|] 5010)



termati 1I . "IHE .mtl l|u‘ !.””H\\'l'll‘_"('lllil—
nponents me :\!n':-ti' cover ol I]I‘Il’llliiil1 ITASSES,
enhemerals. bare soil, litter and cryptogams,

and total aboveground biomass of pasture. For
the ]nn':nr\:-ui'ihi\amnl\ individual eryptogamic

taxil have been |muh-¢l_

Infiltration Slml_\'

\t Yathong Nature Reserve and “Coan
Downs’. two sites were selected i.ill(l(‘l)t‘ll(l(’lll

of the nine pasture ¢ 1\ll.llrli(\' sites above) for

investicating the role nI cryptogam cover on two
infiltration parame LeIs: m]l)ll\ll\ (mmh ) and
ste ul\ state infiltration (mm h ')

Hml)lml\ is the initi l]Idl)lt]])’hl\(’()lIll[l]llll—
tion. usually lasting less than 10 min, which is
dominated by c 11)1” ary forces. Steady-state in-

filtration. however, occurs during the latter

stages of infiltration when only <fr(1\|lalimm|
forces predominate. Steady-st: e infiltration is
strongly related to s0il pt)l(mt\ which in tum
depe nds on type and amount of cover.

A\t Yathone Nature Reserve, where soil sur-
face and vegetation cover are in excellent con-
dition, 44 locations were selected for infiltration
measurements, i.e., 22 each for sorptivity and
steadv-state infiltration. At *Coan Downs’, un-
like Yathong Nature Reserve, historical over-
grazing has lead to the development of distinct
zones of erosion and {]v[ms‘ilinn known as pro-
duction and sink zones. re spective [\ These
commonly occur i ]m(fx(.q‘n s where fluvial
processes ]n'¢-(|n||||r|.1l(-. [ogether with an inter-
mediate transter zone, which has characteristics
of both production and sink zones, these zones
constitute what are known as erosion cells

Picknp 1985). At *Coan Downs’ 10 and 7 loca-
tions were selected for measurements of so-
tivity in the |nu:huhtm and  sink  zones,

spectively, and 9 and 7 locations for measure-
ment of steady-state infiltration in the two

Ones, respe I;'-.Irf\_

Locations for detailed measurements of
sorptivity and steady-state infiltration were se-
lected so that the soil surface under the base of
the permeameter (diam. 21.2 em) varied in
cryptogam cover from 0 to 100%. Onlv areas in
'\.i||.u I pltocam cover was .-\.-rli_\ l.li-\tl'flllll('tl
under the permeameters were s !t'(‘lt'(l, |
avoided choo snch .\l]u'!u(}flll(i;u'\
Ol nrillliﬂ[-ru v D | completely covered ;LI:-

which theorel ht havé represented

tailed infiltra-

asurement tal

Al covetl

‘ONvVer Hfl
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cryptogams and relative contribution by various
5 I\Pl()”:llll l\])( S l ., II(I]{’T]“) 1MOSses., 11(_’:([{“
liverworts) were visnally estimated, and color
slides of each plot were “taken to calibrate field
estimates of total cover.

Sorptivity and steady-state infiltration were
measured under ponde .d conditions, i.c.. under
a permanent lmnd of 10 mm of water. The
ponded  permeameter measures  infiltration
through all soil pores, i.e., matrix or small soil
pores, and macropores (=0 75 mmin diameter),
which are generally produced by roots and fau-
nal activity. The p()ndod permeameter was
placed on asteel ring that was gently tapped into
the soil and scaled at the sides to prevent leak-
age. Infiltration runs were carried out until
steady-state was achieved, usually within 30 min.
’Smpt]\ ity and steady-state infiltration were cal-
culated according to the method of White (1988).

Splash Erosion Study

Undisturbed cores of soil with associated
cryptogams were collected from Yzlthfmﬂ Na-
ture Reserve by pushing 75-mm lengths of 90-
mim-diameter PVC tubes into moist soil flush
\\'ith the surface and excavating the intact tube.

Cryptogam cover was e xtnn(ltml visunally in the
field by two observers prior to collection. One
hundred thirty-five s samples were collected rep-
resenting five classes of cryptogam cover, i.e.,
L(Jllli)li‘t( ly bare (0%), 25%, 50%, 75%, and
100% cover. Cores were then transported to the
laboratory. placed in a large tray beneath the
simulator, and subjected to a simulated rainfall
of 45 mm h' for 20 min. Each replicate con-
sisted of nine cores in a three-by-three array
under the simulator. Fifteen simulations (5
treatments X 3 replicates) were performed.

Runoffwater and sediment were collected at
the lower end of a (U]I(Ltll]” trav by mmtr a
vacuum  pump  at 2-min mtcn(lls 5(‘(]]!1](‘Ilt
bulked across !'('[}]I("dt('h‘ WS h‘(‘pill‘ilt('d into five
size classes: <0.0553 mm (silt and clay). 0.0553—
0.0990 mm (very fine sand). 0.0991-0.2515 mm
(fine sand), 0.2516-0.500 mm (medium sand).
and >0.500 mm (coarse sand and a few aggre-
vates) l)\ ge nll\ \\.Mnntft]n(m(fhdl](‘st(){ sieves.

Statistical Analyses

Simple regression and correlation analyses
Were 1S ((l{l)( \.l][”ll( th( e Ir.ltl(}“\]“l)‘\])("t\\{"(’”
total coverand cover of various ery ptogam tyvpes,
cryptogam cover and vascular met cover, and
cryptogam cover and infiltration parameters.
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Fig. 2a. Relationship between cover of algae as a proportion of total cover and eryvptogam cover (%) at Yathong Nature

Reserve.
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Fig. 2b. Relationship between cover of algae as a proportion of total cover and cryptogam cover (%) at "Coan Downs

Data are partitioned between the production and sink zones (see text for details

Results are expressed as mean + standard error
of the mean (s.e.m.).

RESULTS

Cryptogam Dynamics

Sites with low total cover of eryptogams were
dominated l‘)}-' algae, and. as cover increased., so
did the relative contribution by mosses and
some liverworts (Figs. 2a, 2b). Very few lichens

were found at anvy location. When data were
pooled across grazed and ungrazed sites, there
was a significant negative correlation between
total cryptogam cover and proportion ol that
cover L'(‘HHI!I'I'SiI]l_[&li‘_{&ll' R 98. P < .001, n

77). Partitioning the data between grazed and
ungrazed sites markedly increased the magni-
tude of the coefficients of determination for the
ungrazed site (R* = 45, P = .000, n = 43 but
only slightly for the grazed site (R 30, P

001. n = 34). Neither the \lnlu-\ nor intercepts
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Fig 4. Relationship between eryptogam cover (%) and vascular plant cover (%) for five groups of sites at Yathong Nature
Reserve and *Coan Downs”. Clusters depict changes between the eight sample dates shown in Figure 3. A = sites dominated

by
(

winter-growing ‘-Nu'nu':';ﬂ\ sites 1 & 2). B

S5&6), and E

nmmer-growing perennial grasses

) (see text for discussion of sites
of the two relationships for the grazed or un-
arazed sites were sionificantly different.

Correlations Between ( ryptogams
and Vascular Plants

Across the nine large sites, cryptogam cover

ranged from 7.1% to 17.6%. and cover of vascu-

lar M.mt\ ranged from 45.7% to 80.1% (Fig. 3).
G Progam cover was \h'(mt[]\'ll(‘L{:in\'l'l\ corre-
' i

cular plant biomass. Correlations

I to 0.65 at sites and times when

sites dominated by winter-growing ephemerals and Aristida spp. (3 & 4),
sites dominated by winter-growing ephemerals and Stipa spp. (7T & S), D = gileaid red earth sites dominated 11_\'
site dominated by mixed simmer- auu]\\'int(’r—gr()\\'ingp(‘r‘(‘nnial] arasses

biomass varied from 0.16 kg m * to 0.32 kg m ™.
[ncreasing biomass did not affect the magnitude
nor the sienificance of the correlations between
cryptogam cover and any of the independent
variables. There was no evidence that high
biomass levels were masking the presence of
cryptogams on the soil surface. At all sites and
lilll(’s. ('I‘)])it)g‘allll CcOover was n("gilti\’el}" corre-
lated with cover of litter. perennial grasses, and
ephemerals and positively correlated with cover
of bare soil.
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Fig. 6. Relationship between ponded steady-state infiltration (mm h ') and cryptogam cover (%) at Yathong Nature

Reserve.

Temporal changes in cover of cryptogams
and vascular plants varied between sites. with
some sites fluctnating widely while others were
more stable (Fig. 4). P rennial ¢ grass-dominant
sites were generally the most stable. For exam-
ple, there were only small changes in eryptogam
cover on the gllgald soils d()]]"lll'ldt(:‘(! by summer-
growing peren'nial grasses (group D). Con-
versely, sites dominated by ephemerals (group
A) e\perlenced the ]drgest fluctuations in cryp-
togam cover over time.

Infiltration

The r('[;ltitmshil) between cryptogam cover
and the two infiltration parameters differed be-

tween grazed and ungrazed sites. At the un-
araze d  site  at ll[]ulllt' Nature Reserve,
sorptivity average .d 62.9 + 5.84 mm h"’ (range
98-118 mm h"?), and ste ul\ state infiltration
;i\'vr‘urvd 103.6 + 8.3 mm h ' (range 25-199 mm
L Sml}li\ll\ was independe nt nI cryptogam
cover (R~ P =473 2. Fig. 5), and

there was a xllgl;l though imigniiimnl decrease
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Fiz. 7. Relationship between ponded sorptivity (nim h ") and cryptogam cover (%) at ‘Coan Downs’. Data are

partitioned between the ln'u:r]urtu:n and sink zones.

in ponded ste .ui\ state infiltration with increas-
0, P = .20, n = 22; Fig. 6).

At the grazed "Coan Downs’ site. sorptivity
averaged 28.1 - "(range 10-64 mm
h "), and \tl‘.ul\ state IIlh“]‘lleli‘l\[ raged 39.7
(range 11-103 mm h ). The high
degree of variability within anv one cover class
meant that at

|||'_(((:\l| fl
3.7mmh”
||||||}|

t low cover levels sorptivity and
infiltration were sometimes low but sometimes
high and vice versa. Conse (que ntly, the gener 1
trends of incre: 1ISing \l]l]ﬂl\ll‘\ ‘nu] \l(nul\ state
infiltration with incre ‘asing cover were not sig-
niticant (P

To account for a greater proportion of the
variation in m||\lmt\ and ste .u]\ state infiltra-
tion, datawere pnlllmm ‘d between thvplmlu(—

121 and .053. H\putmlw

mid sink zones, the two major ge ulnmlmlm'

operating at the grazed site at “Coan

1) : Methods
[here was a strong positive 1'=-|.|Iiu|1.~;hip be-
nd crvptogam cover at *Coan
[) - hich was significant in the sink zone
] ) 7) but not in the
08, P 225 n 10); Fio,
on ftollowed the same
strong positive
' filtration and
rvpt |-[II1'\iT][\
Oone l'll 1 -i! ”IL‘

] ]
':'II I‘l 1 ) i L
[ | ) Fio. 8

S])Izlsh Frosion

Sediment removal increased  significantly
with decreases in ery ptogam cover (Fy ;o = 45.8,
P < .0001; Fig.9). Little sediment was removed
at cover levels =50%. but at lower levels than
this. erosion increased markedly. The relation-
xhip between sediment removal and cryptogaim
cover was:

Y = ¢ 3.73-0.032¢
where Yis total sediment removal (¢ m ) and ¢
is cryptogam cover (%). Cover of cryptogams
explained S1% of the variation in sediment re-
Ill(}\‘ill‘

The rate of sediment removal varied among
the five cover classes. Removal rates for the
100% . 75% . and 50% cover classes were very
low and averaged 0.6, 2.0, and 3.2 ¢ m ™~ min L.
respectively. The 25% and 0% cover classes,
however, had a much |11<fhm‘ mte of sediment

removal (i.e.. 8.8 and 15. 3 o 1t B 1) T respec-
tively).

g

The particle-size distribution of eroded ma-
terial was also influenced by ervptogam cover.
As cover decreased, the pmpm*tmnnf silts, clavs,
and very fine sand increased and coarse sands
decreased. Thus, not only was more sediment
lost from soils with low ‘(-r\ptnlfam cover, but
more of that sediment L-nmpns('d silts Lm(](ld\\.
onto which the majority of the nutrients are
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Fig. 8. Relationship between ponded steady-state infiltration (imm h

are pe artitioned between the production and sink zones.

l)()””(i FIIITII(’]‘III()I'(’ ]Illl(.'h ()FH](_’ ](‘i'll{) mate l‘iil]
was removed during the carly stages of runoff:
i.e., as simulations proceede d. a Iutf]u I Propor-
tion of coarse particles was remov ed.

DISCUSSION

In the semiarid woodlands of eastern Austra-
lia. overgrazing by domestic and feral animals
over the past 100 vears has resulted in a severe
de pl( tion of the native pastures (Harrington et
al. 1984) and a shift from desirable perennial
grasses to less desirable perennials and ephe-
merals (Iwaszkiewicz and Semple 198S). This
has been accompanied by reduced productive
potential of the soil and increased bare soil.
runoftf, and soil erosion (Johns 1983). In this
environment vascular plant cover is highlv dis-
continuous or lmtdl\ nlll(l(I'\])t(]”.llll%d[{ t)it{ 0]
the only biological soil cover providing protec-
tion from erosion.

Cryptogam Dynamics

In this studyv. plnts with a low cover of CIyp-
togams were dominated by algae. and plots with
a ]n(fh cover by mosses and some lichens. This
is not surprising inasmuch as algae act as pio-
neers in plant succession (Isichei 1990), and as
the soil surface becomes more stable. mosses
and lichens gradually increase in dominance
(Dunne 1989) at the expense of algae. Because
of this successional sequence in de \'(-[npmvnl of
cryptogamic crusts from : lgaw—(l(nnitlalllt to moss-

I . : .
1:1;|(it‘r\|l|::'_{u|\|t-l\'i'!' Jc) at "Coan Downs’. Data
L0
e 300 :
| =
E
€ 20
[ = 100
y °
]
L3
|
L
Fig. 9. Influence of ervptogam cover (%) on sediment
>

removal (¢ m ) during 20 minutes of simulated rainfall

Svimbols enclose standard errors of the mean except where

1 a
.\IIEI\\'H n a/.

dominant and lichen-dominant. the |m-wm-vnl'
a surface dominated by mosses and lichens might
be used as an indication of the stability of the
soil surface. Eldridee
unpublished data) that the more stable sites at
Yathong Nature Reserve and “‘Coan Downs ' i.e
those dominated by Iu-rvnnl;d grasses, had
higher covers of moss and some lichen com-
[lgn‘t’ti with the less stable c-|)||('l|u-l‘;l| sites.

There is some evidence

Cryptogams and Vascular Plants

In these studies decreases in vascular p]:ml

cover were associated with increases in the
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Oover ol VIDLOT AT S .llitI '-.it'l' Versd |I‘_ﬂ !
( :rvptogam covel _‘..IHI!K"_:Il:i'\l'|‘. ['i]!']'{‘l;th'tl\\i”l
nlant biomass and cover ol litter, lwn-lmi;lf

rrasses, and {"\llt'IIn'T'.lE‘\ and l}rniti\t-]_\ corre-

lated with cover of bare ground. This is consis-

tent with studies from the semiarid shrublands
of South Australia where cryptogam cover in-
creased as cover of herbs and trees decreased
following long-term exclusion of grazing (Crisp
1975). Similarly, Schofield (1985) I'(‘]){Jl'fl‘{] that
graZzing im-r:-.x.m-{l the relative cover of mosses
by reducing the cover of vascular I)I;lllt'.\'.

The interaction between vascular plants and

cryptogams has been described as a 1:1 tradeoft

West 1990). where a decrease in thvln‘nlr_n‘linn

of one component results in an increase in the
other. Thus, management practices leading to a
:-h‘mi_n- in the cover of vascular pi;mfx would
ultimately affect the cover of eryptogams. Given
an increase in vascular plant cover through ex-
closure or destoc Lmﬂ it is likely that ¢ ryptogam
cover \\ll!lhl (l( Crease tlll()ll”]l HI(_I(’J\{ (1 COnl-
petition for light and moisture and through
overtopping I:_\ perem nial grasses  (Looman
1964 ).

In marked contrast to my results, numerous
studies have reported positive correlations be-
t‘.\l‘l‘llt'I_\'\[tl'_i:lIll('H\l’I';lIl[l\;l.‘x‘('ll];ll‘l)iill]t('U\'{'I‘_
(1956)

significant positive correlation be-

For example, Graetz and Tongway

\l\()\\:-i!
bween 1||l' cover Hi‘l)('l‘l'!llliill ('IJ:']I(]I)(](I HII]’I]I)H
and cover of and Mucher et al.

1958

crvptogams,

described how biomass of biennial
arasses and forbs increased as cover of cryp-
In the desert grassland

tah, Kleiner and Harper (1977) showed how

togams increased.,

PeCies ri hness of v: l\:'ill'll'|1|'llll\il!('l‘(’;l‘xl‘\;\\'illl

richness of nonvascular flora. Similarly, in the
tern deserts of North America, extensive
lamage to the vascular [\];mi community
h tran .:'i"’—~ by cattle is associated with 1
ble re luction in the nonvasceular flora

I ) rsonal communication
NiY gh cover ol cryptog |I|I~=III!'.IIE-_'_("\HIL[
erally L‘!':u.ll'___il 1ot t\"IIJ-IHI‘\. re-
ol desirable range condi-

,.-,-‘L-.'l_ ]:n\'\i-‘_--. to
!"\:‘l|"l|IHI..'ll'f-.i"
|:- -;1"\L']H}.

West
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Infiltration

Although eryptogams have been reported as
affecting infiltration, results from Yathong Na-
ture Reserve and ‘Coan Downs’ indicate that
other soil factors may be more influential. The
positive linear rv]:ttmnship between cryptogam
cover and infiltration on the grazed sites in this
study is consistent with a few studies (Fletcher
and Martin 1948, Gifford 1972) but is inconsis-
tent with the bulk of published research sug-
oesting  that  eryptogamic  crusts  reduce
inl'ﬂtr-kti(m see West 1990).

t Yathong Nature Reserve, where grazing
by dnnu stic d]lll]hl[h ceased in 1977, t]a( e was
a nonsignificant trend of decreasing infiltration
with increasing cryptogam cover. The differ-
ences inresponse to changes in cryptogam cover
may be explained in p‘ut by the differences in
'\l]ll }l I\ \](r.l] 1)][)[]( ]J[](‘“'t I)(’t\\ ecn t}](' U](U("(] dl](l
|n|}_:1.u.( - soils. At a number of sites in Yathong
Nature Reserve, Eldridge and Rothon (1992)
found that changes in vascular plant cover ex-
plained very little of the variation in infiltration,
runoff, and sediment vield. This is thought to be
due to the high 111(1(101)01()s|t\ status of the soil
on the ungrazed sites, with infiltration deter-
mined by the overriding influence of soil physi-

cal properties.

On moderately degraded soil surfaces, a
combination of d\l!l()()tll soil surface with poorly
developed microrelief and minimal obstruction
from grass butts, stones, and litter creates a
situation where there is little opportunity for
runoffto enter the soil profile. This was certainly
the case at “Coan Downs™ where soil phy sical
[}iUP( ]1]( S Were severe I\ {.1(’”] (1([("([ macro-
porosity was low, and the majority of infiltration
was restricted to flow through the soil matrix
and very small biopores. In tlm environment
cryptog: unspmlul}l\ have two principal effects.
First. thev provide a physical barrier on the soil
surface, pmlmtmﬂ the surface against raindrop
impact and thereby ensuring that the existing
low levels of structural st: 1]1111t\ are mdmtdmvd
Second, as infiltration is pu'dmmn antly through
matrix pores, fungal hyphae in the eryptogams
assist by maintaining the inte arity of these pores
so that small increases m(-n])tugctm cover result
i marked incereases in infiltration {FIU\ 6.7

Cryptogams are thought to impact upon the
hyd r::lumf I eycle by lh( ir direct effect on soil
surface roughness. Cry ptogamnic crusts increase
'\IH'I we microrelief h\ cementing wind- and
water-eroded  fr: agme nt\ into (nh(*s]\(’ units,
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[)l‘()(lll(:illg' el l‘ilif\'("(l. I'(]llgh(’”(’{l f‘;ll['{‘ﬂ('(' ll.'\]](l(']'—
son et al. 1982). This increased surface rough-
ness retards overland flow, allowing more time
for infiltration and deposition to occur (Warren
et al. 1986). However,
t]l(_“ Slll‘let'(‘ l'l‘ll(.‘l'()]'(“]“’{ ()f S011e ”llg]'lly&'(l S(”].’\'
at Yathong Nature Reserve showed that eryp-
togams are not consistently associated with
rougher soil surfaces (Eldridge 1991).

Splash Erosion

The splash erosion studies reported here
demonstrate that the presence ofa ('1‘\])tnt_{mni('
crust significantly reduces splash erosion from a
semiarid red earth soil. Soil surfaces with =75%
cryptogam cover had very little erosion, while

\lll'{d({“s \\lt]] .))(Z’ COVeEer or ](“\\ ]ld(l €rosion (}[.

at least an order of magnitude greater

Numerous studies (e.g., Chartres and
Mucher 1989, Kinnell et al. 1990, Yair 1990)
have shown the importance of eryptogam cover
in reducing soil loss and erosion. Booth (1941)
found that soil loss on soil with a L\dn()hu('t(*ri;ll
crust is 20 times less than that from the same soil
with no crust. More recently 1(]1(}111)(:1)11()11
(1989) showed that under simulated rainfall,
cryptogam-covered  surfaces reduce the dis-
tance over which sp[alsh s0il lnall‘ti('lf's are dis-
placed.

(Fig. 8).

N()t Ull]:\' (1i(! Slll'{'il('(’ﬁ \\’it]] ol l(}\\' cover (Jl-

cryptogams lose more soil during simulated
rainfall. but more of that soil comprised silts and
Clil\‘g TIIIIIS H](’ ]{]‘i‘i ()fi ][.i”(’ l]]ilt('l‘iil} {‘l'( M tll(' IU\\‘
cover plots probably represents a continual re-
moval of nutrients from the low cover surfaces
and. at least in the case of nitrogen. a possible
decline in pl‘()(hl('ti\it_\l This compares with the
high ervptogam cover soils where eroded mate-
rial comprised mainly coarse-grained sands and
some  ageregates >0.500 mm in diameter.
Mosses and algae bound some of the particles
removed during the erosion process. Thus, ero-
sion may be assisting the dispersal and deposi-
tion of these nnuup]nh( taxa within the
landscape.

As this study used small cores taken from the
field, it is not ‘l)()!\'SI‘])[(’ to assess the (lt'grt*(- to
which splashed sediment is redeposited within
tll(’ all‘l(l%(‘ilp(‘ Tl](‘ *i()i] ]()9“5 \'ill[l(“\' l-(‘l)[l]'t('(l ll(’l‘(‘
probably overestimate what happensin the field
where litter and met butts would tr: ap some
moving sediment.

(1[1( et measurement [}f.
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CONCLUSIONS

This \llll]\ showed that cryptogams pl ly a
major role in infiltration and erosion in the
semiarid woodlands of eastern _\ll.'w'll'illlil, l'1|r—
t]u-mmn-.ﬁlrmlgl't‘];lliunship\ exist \\'ifhin(-l_\'ly-
tt)}_f,mni('l;L\;l.um]ht‘l\\'t-('n('l}'[)ln}_{;un(‘l)\'a-l'aunl
cover and biomass of vascular plants.

At Yathong Nature Reserve and ‘Coan
Downs’, the presence of eryptogams on the soil
surface had a variable influence on infiltrating
water but s]tfmh( mtly reduced the susce pll]ll]
ity of the soil t to spl: ash erosion. Infiltration at the
graze d sites at ‘Coan Downs’ was marke (“\ dif-
ferent from that at the ungrazed Yathong Nature
Resernve, [}rul)‘lhl\ a result of differences in soil
physical properties, particularly macroporosity.

Under simulated rainfall, surfaces support-
ing a high cover of cryptogams were more stable
and less erodible than surfaces with low cryp-
togam cover. Erosion from cry pt()tnnnivulll‘i“a('{ S
of varyving cover probably re sults in a transfer of
fine material and nutrients from areas of low
cover to areas of high cover. Ultimately, low
cover areas become less accessible to estab-
lishment by seedlings of vascular plants. Fur-
thermore, tlu role uf cryptogams in soil \Lll)lllt\'
is enhanced during drought pe riods when cover
of the usual \‘ls(n] u l)Lmt is either absent or
severely reduced.
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