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ABSTRACT

Climatic, edaphic and biotic variables were measured, over a
twelve month period, at each of four aspeets of a hill in the Southern
Ruahine ranges. These variables were soil moisiure status, soil
temperature, air temperature, wind-speed, rainfall, soil nutrient
status, sheep-dung deposition, and pasture botenical composition and
productivity. InfTormation on sunshine hours, maximum and minimum
screen temperatures, re¢lative humidity, end wind direction were
obtained from the records of an adjacent meteorological station.
et radiation and petential evapotranspiration were calculated from
meteorological data, and actual‘evapotranspiraticn from soil moisture
datu,

Large differences were recorded between aspects for most of the
above nentioned variables, The wind during the observational period
wvas a prevailing ﬂest/ﬂorthwesterly. Differences in net radiation
between the north and south aspeetls were largest during ihe Vinter and
smallest during the summer months. In all cases the evapotramspiration
values calculated were larger for the north than for the south aspect.
So0il moisture tension differences were not detected during the winter
nonthe, but during the remainder of the year the north aspect was driest,
followed by the east and west aspects, and the south aspect respectively.
Differences belween aspects, in terms of average monthly 4 cm. air
temperature, were not apparent. However, large differences in the
average monthly 4 cm. soil temperature of the various aspects were
detected: during the Janvary to August period the north aspect was
warmest and the south coolest; during the Cctober to December period
the east aspect was warmest and the north and south aspects, which had
similar average soil temperatures,were coolest.

The south and west aspect soils had greater nutritional limitations
to plant growth than did the soils of the east and north aspects. This
was probably due, at least in part, to nutrient transfer by grazing
animals, and the differential action of soil-forming factors. Nitrogen.
mineralisation was closely associated with soil total nitrogen status,
and was one of the main factors limiting pasture productivity. Soil
noisture status was the other major limitation to pasture productivity.
Pusture production during the observational period (346 days), for the
east, south,vest and north aspects respectively, was 9683, 3637, 2959
and 2771 kg./DM./ha. Some of the pasture species present vere found
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to be distrituted in a definite pattern according to aspect, while for
other species the pattern was indistinct. For a number of species no
distribution patiern was detected. The patterns observed appeared
to follow soil nutritional (especially mineral nitrogen) and soil
moisture gradicntis.

Possible reasons for the above-mentioned differences, and some

ractical implications of these differences, are discussed.
# & v
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INTRODUCT1ON

This secticn is intended as an introduction to the study which is
to be described, and as a means of introducing certain general ideas
concerning aspect differences.

"Ecology is the science concerned with living organisms, both plant
and animal, in rclation to their environment or habitat" (Levy, 1970).
Such a deiinition %ight not find favour with the more pedantic menbers of
the ecological discipline, but does manage to convey the basic meaning of
the term 'ecology' ie. the study of organisms ‘at home! (Odum, 1959).
odun (1959) states that many terrcstial ecosystems "have a particularly
complex structure involving nuuerous sgpecies, marked gtratification and
variable physical enviroanment, .... In local situations there is much to
be gained from sirgling out = resfrictod component (for study)....... At
the same time it is important that whole systens be studied simultlaneocusly,
since certain fundamental inlerrelationships can not be readily determined
by pieceneal siudy." lmy study of variation in a single environmental
factor is purely descriptive if only that fzctor is measured eg. a record
of pasture botanical cowmposition differences betueen aspects, or between
any contrasting areas, does not provide any explanation for the differecnces
obse: =2d. A complete analysis of edaphiec, climatic and biotie differences
betwien esvects would be an extremely large and complicated undertalking.
It is, however, possible to elucidate some of the interrelationships
existing between the various environmental factors, through the study of
selected variables. The selection of the variables which were examined
in this study was based on two criteria: firstly, feasibility of
neasurement, and secondly, the likelihcood of differences occurring between
aspects, as judged by discussion and by perusal of relevant literature.

The literature reviewed in this study is of two broad categories:
firstly, literature dealing with general concepts of aspect differences,
and secondly, specific literature, in most cases describing or reviewing
experimental studies and the results obtained. The latter category is
dealt with in Chapter I and the former is reviewed briefly below.

Hicroclimatic(1) differences are known to exist between land surfaces
which are inclined in different directions, ie. between surfaces of
different aspect (Warming, 1909; Braun-Blanquet, 1932; Ceiger, 1965;

Chang, 1968). Variation in the amount of direct solar radiation

(1) see discussion of the terms 'climate' and 'microclimate' in Introduction
to Chapter I.



received by sloping surfaces is one of the main reasons for the existence
of these microclimatic differences (Geiger, 1965). The associated
differing energy input has a large influence on the energy balances which
exist at the surfaces of the various aspects encountered in the hill
couniry situation. A simple energy balance for a bare soil surface may
he written as:

Ry + B+ L+ 7 =0 (Ceiger, 1965)

where: s
- Ry = net radiation.

B = zensible heat loss to the ground.
L = latent heat loss due to evaporation.
V = sensible heat loss to the air.

The interrelationships of the elements of this balance are
discussed in many texts, eg. Geiger, 1965; Slatyer and Fellroy, 1961;
unn, 1966, The magnitude of RH is determined by the lacl: of balance
betiween net incoming short-wave ard net outgoing long-wave radiation,
Near the ground, incoming short-wave radiation consists of a direct solar
beamyand diffuse sky radiation, the latter coming from the whole hemisphere,
althovgh wore intense in directions close to that of the sun itself
(S1atyer and FeIlroy, 1961). The proportion of incoﬁing short-wave
radiation which is diffuse varies from about 10/ under clear-sky conditions,
to 100,5 under overcast conditions, Thus, diffcrences in short-wave
radiation input between aspects will be greatest under clear-sky conditicns,
The proportion of the incoming short-wave radiation which is reflected
from the surface it strikes is knowmn as the albedo. The fraetion not
{eflected is the net incoming short-wave radiation. The net outgoing
long-wave radiation, mentioned above, represents the difference between
terrestial and sky long-wave radiation. _

The Ry component of the above balance is expended by sensible heat
transfers which directly affect the temperature of the soil and air, and
as latent heat during the evaporation of water. Slatyer and MeIlroy (1961)
point out that of all the variables involved in the energy balance only
solar radiation can be regarded as at all independent of the others. Under
steady conditions the factors of the balance adjust to come to an equilibrium.
Geiger (1965) notes that the situation described above is often complicated
by the horizontal transfer, or advection, of heat from surrounding areas,
thus introducing an additional factor to the energy balance. Although the
balance written above is for a bare soil surface, the addition of a
vegelative cover to the surface would little alter the concepts developed
in the above discussion.

It was previously noted that variation in the amount of direct solar
radiation received by sloping surfaces is one of the main reasons for

the existence of microclimatic differences in hill country. Wind also



plays a role, in that air movement is involved in the determination of
the magnitude of the components of the energy balance, Local winds may
arise iu mountainous hill country due to regions of different temperature
(Ceiger, 1965). Towever, in the lNew Zealand situation of prevailing
winds and overall proximity to the coastline, and especially in the
smaller-scale hill country of the North Island, it is probable that wind
iz only modified, rather than raused, by local topographic variation.
Slatyer and leIlroy (1961) state that "wind ie of considerable importance
in mieroclimate, both as an element in its own right and because it is of
such influence on the etmospheric structure of temperature and humidity".
They conclude that the main effect of wind is to reduce extremes of
veriation in temperature and humidity, both in time and in space.

Local variation in rainfall may also occur in hill country, Geiger
(1965) notes that the climate of slopes facing in different directions
is affected to a large extent by moisture conditions, as well as
radiation and wind, and theat the smaller the topographic scale the more
the local precipitation is determined by the wind field, In discugsing
small-scale precipitation differences, CGeiger points out that more ‘
precipitation is found on the leeward than on the windward side of hills,
especially wvhere wind speeds are high. "By general agrecment" (Geiger,
1965) precipitation is measured using horizontally disposed collecting
surfaces, yet considerable controversy now exists as to the relative ‘
merits of using horizontal as opposed to tilted collecting surfaces |
(Geiger, 1665; Yates, 1970). Doubt also exists as to the proportions
of recorded differences between aspects which are attributable to actual
precipitation differences and those which are due to wind effects on
raingauge catch (Rodda, 1966; Jackson and Aldridge, 1972).

Bdaphic differences ! between aspects might arise for any of a
number of reasons. Ross (1971), in his review of aspect as a soil
forming factor, notes that aspect, acting through microclimate and its
effects on organisms, plays an important rocle in the ecology and thus
soils of hillsides. Sears et al (1948) give figures for the amnual
nutrient turnover, via sheep excreta, fTor grazed pasture, and remark that
fertilizer programmes should be constructed with reference to the transfer
of dung and urine from orne part of a paddock to another, Hilder (1966 )
discusses nutrient accumulation on stock camps under a sheep grazing

regime, and also equates this accumulation with & loss from other parts

(1) So0il moisture status and temperature will be considered as climatic
rather than edaphic factors; see Introduction to Chapter I.



of the paddock. The potential for nutrient transfer between aspects
appears to exist, and coupled with the probable influence of microclimatic
and pasture differences between aspects on animal grazing behaviour, such

a transfer might be expected to lead to differences in soil and pasiure
characteristics between aspects. Grazing animale have a number of
important effects on plant communities, these effects being due to

physical damage, defoliation and the deposition of excreta (Spedding,

1971). Rumball and Grant (1972) go so far as to state that "the trampling,
grazing, voiding animal is one of the major determinants of pasture
composition,"

From basic ecological concepts, variation in pasture structure,
composition and productivity would be expected to be associated with the
differing environments existing at different aspects.

The detection of variation in edaphic, biotic and climatic factors
due to aspect, formed the basic of the study described herein, A hill
in the Southern Ruahine raﬁges of the North Island was selected as an
experimental site. leasuremeants of selected climatic, edaphic and
biotic factors were made at each of the north, south, east and west aspects,
over a twelve month period, A description of each of the selccted
factors was the prime aim of the stuty and the collection of data was
cond cted with this in mind. However, a secondary aim did exist, namely
to eiucidate, where possible, the interrclationships existing between
the environmental and pasture variasbles measured.

Tarcughout this thesis common names have been used, whenever
possible, in referring to plant specics. The corresponding botanical
names have been noted the first time each common name is used in the
text. A complete list of the common and botanical names of species

encountered in this study is given in Appendiz 10.



L
4 h'.}

FIGURE

.‘f:’*

*

1.1

.

e |
| .
-

Aerial






