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INTRCDUCTION

Following the classical studies of Lindemann, E.P. and
H.T. Odum, and osthers, on energy flow in natural or semi-natural
ecosvstems, sevaral papers have heen publishes on estimates of
primary productivity in 'old-field' systeus. These systems,
where a field has heen taken ocutl of agricultural use and left
undisturbed, offer & possibility of studying the chenges in
productivity ani energy relaticnships =as a secondary succession

takes place.

It was felk that it would he of interest to try and
estimate the bnr>ductivity in s field owned by the hiological
departments at Durham University. This field had been in use as

vasture until about 4 years ago, since when it has been left

a
to develop with minimum interference.

The field is about half a3 mile south of the Durham University
Science Laboratories, and extends from Hollingside Lane down a
west-facing siove to & very small stream in a ditch at the bottom.

(See sketch map in Apvendix.)

The so0ils around Durham are mostly of glacial and fluvio-
glacial origin. Willimo%tt and Shirlaw (1960)., examining soils
at the Science Labs. site, fourd they were mostly sandy loams

of fair nutrient status; the dominant clay mineral was illite.

Part of the field is wcoded, the trees being mostly oak

(Quercus robur) and beech (Fagus sylvatica). Cnly at the base

of one beech tree is there no sround flora at all; in some other

shaded parts, Deschampsia flexuocsa is the dominant snecies of

the ground flora.

It was decided to try and examine the primary prcocductivity -
i.e. production by sutotrophic plents ~ in different mnarts of
the field, in relation to different amounts of shading and
different intensities of grazince by field voles and other small

marmaals. The ssl=ction of exnerimental areas for this nurmnose




was restricted by the diificulity of finding areas of

b
suitable size which appeared tn he rsasonably homogeneous.

AIMS OF THE PRCJECT

1. To collect datas on product’ vity in an old fielid systen

near Durhan.

(227

N

To trv to observe the effects on nroductivity o
excluding swall grazine mammals (mainly field-voles)

from selected Areazs in the field.

"

To compare rroductivity in varts »f the field shaded to
at

iffere:

N
=3

extents by itrees.

R
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METHODS

1. Selection of areas for study.

Within the Zoology Dept. field, 4 areas were chosen, as

follows:~

a.

Areas A and D, near the top of the field. (Locations
shown on sketch map in appendix. ) A had a slopé of
about 5°, to WSW, D was virtually flat. The most

prominent plants were Dactvlis glomerata and

Alopecurus pratensis.

Area B, further down the slope, had an angle of slope
of about 20°, also to WSW, and was closer to some
beech trees about 50' high which were rooted further
down the slope.

Area C was about 10 yards down the slope from B,

and had an ahgle of slope of about 30°. The southern

end of the area was under the canooy of a beech tree.

2. Measurement of productivity.

Ae

Collection of tree litter. Between 29th. October 1965
and 4th. November 1965 211 the tree leaf litter was
removed from 1 square metre in each of the areas A,
B and C, collected in polythene bags and air-dried
in the lab.. It was then sorted into species, and
weighed in the air-dry state. 2 small sub-samples of
beech litter (by far the most abundant type) were
oven-dried at 105°C., and a conversion factor obtained
to estimate the oven-dry weight of the whole.
Two methods were used to try and estimate the
productivity of the ground vegetation:-

(i) Standing crop - cut and weigh how much plant

material is vresent at a particula?® time.




(ii) Paired plots - measure the rate of disappearance

of dead material.

STANDING CROP MEASUREMENTS.

i.

ii.

Selection of locations to cut.

——— o —————— e - —— —- — -

Size. Starting the project in the late autumn, the
material was mostly too dead to make estimations of
minimal areas easyv. 25 ¢m. x 25 cm. was chosen as the
size for each clip-plot, being generally fairly
suizable for grasslands in Britain.

Shape. Square clip-plots were used, to try and keep
the edge effect reasonably small while having a shape
which fitted easily into plots. This latter point

was important because the cost of fencing had to be
taken into account. Really long quadrats, which might
be expectad to give better representation of different
parts of any pattern present. would have led to a
sérious edge effect in cropring, unless they were

very big.

Spacing. All the areas were gridded, and samples
selacted for cutting by coordinates taxen from a table
of random numbers. No space was left between adjacent
grid units, again owing to the cost of fencing.

A 2% ¢cm. - wide strip adjacent to the fencing round
the plot was left unused, to try and avoid edge

effE'Cts f_T'OI'!l the fencj_n@.

Parts ol plants cropped. It would ohviously have been

- —— T — - - - -

desirable to estimate root as well as shont production.
Trials produced a water-current device (sece appendix)
which wzs moderately effective at separating roots from
s0il particles hut failed to separate live and dead bits
of root. Eventually, i% was decided to crop everything

above scil level.



iii.

Cropping methods.

The first problem which arose was that the plants
were ot all vertical, but leaning over in one direction
or another. The criterion for deciding what lay inside
a paricular guvadrat had to be repeatable. 2 obvious
alternative procdedures were:-

2. Cut 211 material coming within the guadrat.

b. Cut all material rooted inside the guadrat.

The first alternative was ruled out, because the
consequent cutting of live stems and blades in their
central portions would have created tco much dead
material in adjacent usuadrats. The second procedure
was therefore followed. In the crops taken in Maréh and
May, both live and dead stems and leaves were pulled
through and cut according to where they were rooted;
later on, the dead material had largely sunik into a mat
just above the ground, and was cut where it lay.

Two obvious disadvantages of this method were that:-

a. A lot of the plant material overlying leeward
quadrats was removed, exposing soil and the bases
of plant stems.

b. The weights of creeping plants recorded for
gquadrats in which they were rooted were sometimes
much greater than the weight of above-ground
parts present within the boundaries of the guadrats.
This problem arose particularly with Veronica

chamaedrys.

In the case of Heracleum svhondylium, the

very large leaves of which made nonsense of &he
normal procedure, the varts of the plants which
were covering any part of a sample quadrat were cut
off and included in the sample. As the leaves had
not grown to an appreciable size until the time of

the July and August samples, the fast that this
procedure increased dead weights elsewhere was not
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iv.

so important: as it happened, in no case

was 3 subsequent quadrat affected.

Fach month except August, 10 c¢lip-plots were cut in
each of the following areas:-

A, inside the fence (designated Ai)

Ay outside the fence (designated Ao)

B

2l

\¥
D, cutside the fence (Do)
D, inside the fence (Di)
In August, 10 plots were cut in Ai and Ao, but
only 5 in each of the other areas listed ahove.
‘The sampling periods were 23-26 March, 4-10 May,
2-9 dune, 19-22 July and 19-24 August. Exact dates are
givern in the appendix.
§Eg£§gg. After collection, the crops were kept in
paper bags in a deep-freeze. Most material seemed to
be unchanged in appearance by this treatment, though
buttercup leaves tended to blacken. By contrast, dried-
out material was very difficult to sort into live and
dead material, different svecies losing their ‘live’

appearance at different rates.

Sorting. It was decided to sort the whole of the contents
of each bag (i.e. the whole crop from each clip-plot),
rather than take an aliquot. The main reason for this
decision was that the materisl consisted, in the main, of
long grass leaves (with other material mixed in with them)
which had been put in in handfuls, as it had been cut.

The contents of each bag were thus structured in such a
way as to promote bias in any attempted sub-sampling, as
handfuls drawn out would be very likely to coincide with

handfuls which had been put in.



The categories into which material was sorted wezne as
follows%-~

Live vs. dead. An attempt was made to separate dead

material. from live. The basic criterion for deciding
whether material was live or nott was greén colour.
Material. which was going vellow naturally presented some
difficulty, and it was attempted to allocate half of this
'‘doubtful' material to the live category, and half to the
dead. . f an appreciable portion of a leaf was dead, but
the basal part was live (2 common occurrence in grasses),
the 2 parts were separated.

It is possible that, of the May collection from area B,
a greater proportion of the 'doubtful' material was
allocated to the live category than in later collections,

because there was less green material to compare it with.

Grass v&. non-—-grass. This was guite straightforward,

though it is possible that a small cguantity of Luzula spp.

may have been put into the "grass!" category.

Sorting the live material into speciess This was first

attempted with the May collection, where it proved very
difficult, as many of the plants had not grown to an
easily recognizable stage - very small blades of grass
tended itn look very much alike - and with the July
collection, where it proved more practicable. Only some
of the May material was sorted - 9 plots from area B -
and subsequent exnerience cast doubt on some of the

identifications, particularly '"Cynosurus cristatus!, which

was protably Agrostis stolonifera. Subseguent comments

apply tc the July material only.
Sorting non-grass species weas not too difficult, though

some of the buttercup leaves (Rznunculus bulbosus and R. acrie

seemed almost to grade into one another. Identification of
some lesaves without flowers was not completely certain,

but in general probably reasonably accurate.



Sorting the grass into specles produced several serious
problems, sggravated by the fact that the specimens were often
incomplete, varts having been separated during the cutting.
{To have cut each plant separately would have greatly
increased the length of time necessary to tut the samples -

probably tc about a fortnight.)

The main confusions arose when attempting to separate
vegetative parts of the following species, using the key to
the vegetative parts, and descriptions, given by Hubbard ( ):
Alopecurus pratensis
Agrostis stolonifers
Agrostis tenuis
Alopecurus myosuroides/Agrostis gigantea.

The grasses identified with the key as Alopecurus myosuroides

or Agrostis gigantea =2re probably Alopecurus pratensis, as

one plant was founé with vegetative parts which would

certainly have been identified as Alopecurus myosuroides or

Agrostis gigantea, but bearing the flowefing head of

Alopecurus pratensis. They have been ireated as A. pratensis

in the construction of the association tables.

There seemed to be no clear divisinn between the material

categorised into the spp. 4. vratensis. Agrostis stolonifera

and Agrostis tenunis. As no flowering heads of Agrostis tennis

were found in any of the c¢ollections. i1t is possible that
this species was not presznt at all. and fhe material identified

as A. tenuis was really A. stolonifera, flowering heads of

which were widespread in =11 the areas studied.

3ome Festuca vivipara wzs feund in Ac¢ in August; this

/]

species f{or any other form of F. nvina) nad not been

o
=

viously identified fror collections from any of the plots.

The material designated as Holcus lanatus contains some

)

H. mollis in & few vlots, probably mostly in are:

n
\re

vt



vi. Weighing. The sorted material was put into paper bags

and drizd at 105°C. to constant weight. The bags with
content:s wers then weighed on a tcrsion balance accurate
to 0.1 gm., 2nd the weight of a similsrly dried empty
paper bag subtracted. It would have been mors accurate
to weigh each empty paper bag afterwards, but this would
have greatly increased the time ftaken and in view of the
small size of the discrepancies mentioned below was not

thought worth while.

Some of the sorted materizl from the May and June
collectons was kept for a while before drying, and some
of the hags so kept were attacked by white fungal hyphae.
As litt.e external disintesration of the plant material
seemed 1t 0o have occurred, and no suitable correction for
this wishav could be devised, no correction was made for

any material so respired away.

The choice of the particular torsion balance was
dictated by convenience. A more accurate machine would

have been useful for weighing some of the smaller quantities

gt
of material. In s few ceses the weight of the bag + grass
was indicated ss being equal to or even (rarely) 0.1 gnm.
less than the weight of the standard dried paper bag.
Instances where less than 0.1 gm. weight were obtained

S
have  been indicated in the results by the letter 't'.

PAIRED PLOTS

Following Wiegert and Evans (1964), this technique was

used to try and obtain an estimate of the rate of disappearance

of dead mater:.al.

The basic procedure is:-
Select # number of pairs of adjacent plots, each member of
a pair heing, as far as possible, exactly similar to %he

other plot of the pair.



ii. At the beginning of the month or other time interval,
treat each pair of plots (2 and b) as follows:-
(1) Remove 211 live plant material from (a). Dry, weigh.
(2) Renove all dead plant material from (a). Dry, weigh.
(3) Reriove all live material from (b). Dry, weigh.
iii. At the end of the time interval.
(4) Rerove from (b) all the remaining dead material.
Dry, weigh.
iv. Then, assuming that originally the 2 plots of the pair
both contained the same weight of dead plant material,
we can calculate the amrunt which disappeared during the
time interval which elzpsed.

Comparison of the wéights of ljving material on each
plot gives some idea of how similar the plots in each pair
are. ..f the relationshiv between the weights of live and
dead materisl is known (e.g. if one is vproportional to
the other), allowance can be made for any starting
difference.

v. At the end of the growing season, productivity over the
season can then be estimated from figuees obtained at (e.g.)

monthly» intervals, as follows:

Productivity (or, more strictly, net primary
productivity), is eaqual to

the sum of the amounts oi dead material disappearing
each month,

plus the amount of live + dead material left at the &nd
of the season,

minus the amount of dead + live material vresent at the
beginning of the season.

vi. This method is designed to tske into account the amount
of plant material which ~rows and dies during the growing
season without featuring in the maximum standing crop.
Wiegert and Evans found that, in an old field in Michigan,
net primary production estimated in this way was more than
twice as much as the sum of the peak standing crops of the

constituent species.




The procedure followed in this investigation was:-
1. 2 pairs of plots, 25 cm. square, which were thought to be
more or _.ess representative of the type of vegetation on
the experimental areas, were selected near each of the arecas
A, B and C. 1In the 2 pairs near i, the dominant vlants

{(in terms of both bulk and cover) were Dactylis glomerata

and Alopecurus vratensis. In those near B, Festuca rubra,

Agrostis stolonifszra 2nd Holcus lanatus were commonest.

In those neer C, A. stolonifera, Anthoxanthum odoratum

and {in the pair away from the tree) F. rubra seemed to be
dominant. Cne of the pairs near C was at the end of C
nearest lhe overhanging beech tree, the other at the

opposite end.

2. In one vnlot of each pair (denoted a ), the live vegetation
was removed and wput into paver bafs. Then the dead material
was similarly removed and bagged. Where grass leaves were
dead except for the basal part and the sheath, they were cut
at the base of the dead part, and dead pieces vut with the

other dead material.

‘W
L]

In the other plot of each pair (denoted b ), the live
vegetation only was removed, and the dead left behind.

Partially desad leaves were cut as in the (a) plots.

L. A& month later, all the material remaining on the second plot
was harvested. The live vnlants, including any dead parts

on them, were discarded.

All the material collected was dried and weighed in the usual

way (105°C., constant weight).

Only one set of paired plots wes set up, starting in July and
ending in August. (Exact datss in sppendiz). It had been
intended to set up & larger number, but the selective cutting
necessary in each plot proved very time-consuming, particularly
where there were tussocks of plants with many thin stems, like

Festuca rubra.




3. Estimationl of amounts of light falling on the areas.

Broadly speaking, methods of estimation of the amounts
of incident 1light can be classified into 2 groups:-
i. Measuring the amount of light falling onto the plot, using
some sort of meter.
ii. Estimating the amount of obstruction of light, compared
with the situation at a hypothetical vpoint situated in

& large plane with no obstructions above the horizon.

In view of the shortage of time and money, it was decided
not to attemp® the construction of any solarimeters, but to
measure the obstruction of light by photogravhs of the surroundings.
One of the svpecial cameras at Cambridge University Botany School
was berrowed {'or the purpose, by kind wpermission of Drs. G.C.

Evans and M. Anderson.

Thi's canera is fitted with a Hill lens, giving a field of
view of 180° and an equiangular projection onto the negative
(i.e. the sky included in 5° of view in any part of the sky is

represented by sn equal distance on the negative - see diag.).

e%wA CUEH»HCES

In late April, just before the tree canopies opened, &4
vnotographs were taken with this camerz at areas B and C, one
hal fway along the side of each vlot. Tn addition, 2 were taken
at 4 and 2 ai D - in each case, one in the middle of the fenced
area, one in the middle of the unfenced area. The camera was

supported on & plane table, as close to the ground as possible



(about 1% cms. above soil level), making the lens about 25 cms.
above soil level. The camera was levelled and alighed due

v

North-South four each photograpn.

Onto the photographs so obtained were drawn in, by eye,
the approximate outiines of the tree canopies. (It was not
possible to borrow the camera later in the year, when the canopies
had opened, and as the important trees on the photographs were
beech trees which nsually have practically no gaps in the canovoy
[these particular ones turned out to be no excention], it was
felt that the error arising from this course of action would

not be excessive.)

A specizal grid, from Anderson (1%6L4) was then superimposéd
on each photograph in turn. This grid is divided into segments,
each of which represents 0.1% of the total radiant illuminance
from a standavd overcsst sky. The number of grid segments
which were more than half obscured by tree canopy or sloping
ground or other obstructions were counted for each photograph
in turn, and &z percentage obstruction calculated for each
photograph. Ter areas B and T, a mean value was calculated
(from only 3 photogravhs for 3: cne of the plates was severely
foggmed); Ai. Lo, Di and Do had just one photograph, and hence
one value, each. In the results z2re given the percentages of
total jilluminsznce which were not obscured, to act as a guide to
the relative amounts of light which the different areas might
be expected tc receive while the trees were in leaf. The tree
leaves opened during the first week in May, the canonies being

effectively complete within 110 days.

4. Vole-prooiing.

In each of areas A and D, a nlot 3m. x 4m. was fenced
round with 0.25" Weldmesh wire netting supported on a wooden
frame. The netting was dug into the ground to a depth of 1!

below the soil surface, and extended to a height of 2' above



the soil. This was considered sufficient to prevent any of the

species of field voles in the aresa (Apodemus sylvaticus,

Microtus asgrestis and Clethrionemys glareolus) from tunnelling

under or jumping over.

Before the fencirg rouni each nplot was complete, pre-baited
'Longworth' traps (baited box-like traps, with their doors fixed
in the open position so that voles could pass freely in and out)
were left in the areas for 2 or 3 days, to enable the animsls
to become accusiomed to them. After the fencing was closed, the
traps were re--set to catch any voles entering them, so that any
voles left in the enclosures could be caught and removed. Traps
were left in throughout the summer to try and ckeck whether any

voles had entered the fenced areas; none was caught at any time.

When the netting had bean completed, the top of the fence
was coated with "Sticktite" - a non-setting, 'gooey' substance -

to discourage voles from climbing cver.

In late Jurne, the grass around the fenced plots, particularly
in area A, hac grown sn tall that in many olaces it looked as
though it might be possible for a vele to climb up some grass
stems touching the fencing and get intc the enclosures in this
way. The grass surrcunding the fencing on the outside was

therefore cut with shears; that inside was left untouched.

5. 8o0il analysis.

Betwéen 27 and 371 August, 10 soil samples were taken from
each area (Ai, Ao, B, C, Di and Do). Each sample consisted of
a core 5 cm. in diameter and 10-12 cm. deep, and was obtained
with a soil corer pushed intc the soil after the loose dead vnlant
material had been cleared away from the surface. The upper zone
that was sampled in this manner contained most of the non-tree
root material (as found in preliminary samples taken the previous
autumn). '

The 10 samples in each area were taken from a random selection

of sites which had not been used for other samples.




In general, the soil from Ai and Ao looked blacker and
was more crumbly than the soil from the other areas. About 10
cms. down in AL and Ao was 3 gravelly deposit of a dark grey
substance resembling coke, mixed with pieces of coal of a

similar size.

Thé“soil. in C tended to contain more dead organic material
on and mixed in with its surface. The matesrial seemed to be

mostly dead beech leaves.

The soil. in Di and Do seemed to be deeper and more silty

than the soil from the other areas.

In the l.ab., the samples were passed through a 2 mm. sieve,
and the samples from each area then pooled to give one amalgamated
sample each for Ai, Ao, B, C, Di and Do. Sub-samples of each

were dfied at 105°C. to determine mrnisture content.

Estimation of cations. About 30 gms. fresh weight of
the 2 nm. fraction of each smalgemated samvle was shaken with
1N Aminonium Acetate solution and left to stand overnight. 2
blanks were run on the same volume of reagent. The following
day, the soil samples were leached in a Buchner funnel with
more 1N Ammonium 4cetate solution until each sample had been
extracted with 500 ccs. of solution altogether. (The leaching

in the Buchner funnel took abouf 2 hours for each sample.)

The resulting extracts were analysed on an EEL flame
photometer for potassium, and on an EEL atomic absorption
spectrophotometer for magnesium and calcium. The determinations
of calcium were made first without and then with the addition
of lanthanum chloride soluticn at a concentrati on of ppm.
to suppress interference from other ions, particularly phosphate.
As, except for the extract from area C. the presence of lanthanum
chloride made a considsrable difference to the resnlt (roughly
donbling it), the figures given in the results are those obtained

with lanthanurn chloride present.



Calibration curves were used for all 3 ions; the
standard solution used for potassium was 1000 ppm., those for

Mg and Ca eact. 1100 ppm..

6. Cleared scuares.

Une squsre metre in each of A. B. C and D was cleared of
2li plent material in November. In the spring, on area B growth
secemed to be wore lush on the square and on a small area to the
leeward of it than in the rest of the area. Cn area C, no such
obvious difference was discernible. On areas A and C, the
disturbed zone next to the fencing passed over the cleared

squares, preventing further ohservations.

Several possible explaznations of the apparently enhanced

growth might be suggested. For example:
1. The remcval of dead material allowed more light to reach
the young shoots in the spring, so increasing the amount

of growth possible.

AV

The cutting itself stimulated growth,.

\
a

The square in B happened to have been located at a place

where there were unusually large numbers of vigorous shoots.

In the absence of further observations, it is impossibvle
to decide between these and other alternatives. If the extra
growth in B is not purely fortuitous, it is possible that no
effécts were noticeable in area C because (a) there were fewer
shoots per sq. m. to show a response, and (h) there was more

tree litter there to blow around and fill ir the gap.




RESULTS

Of the results given below, the following are given both in
tables and as graphs or histograms, to wmake them easier to

follow:

Mean weights and standard errors of plant material collected
from each area in the various sampling periods.

Changes in weignht, corrected for different lengths of time
between sampling periods.

Amounts of EY, Mg®™ and ca® in soils.

In the association tables, the dry weight in grams of each species
is given for each plot. Above the column for each plot are

given figures indicating where, within the area, the plot was.
These coordinates are derived as follows:

7. Along the edges of each area, distances of 25 cms. were
marked cut.

2. In the unfenced aréas, tne first 25 cm. was given the
number 1, the next 2, and so on, along each edge. The
numbers ran from north %o south and from east to west.
Inside the fenced areas, a 2% cm.-wide strin just inside
the fencing was left unused znd un-numbered.

3. Of the pair of numbers (e.g. 8,7) making up thé coordinates
for eack clip-plot, the first number guoted belongs to
the longer side of the plot, the second to the shorter..
So, in atreas B and C, the clip-plot at the extreme
south-west corner has the coordinates 24,10 (as the areas

are 6m. by 4m.).

Small quantities of moss occurred in a few of the clip-plots,
but, since the amount was never more tham a few milligrams dry

weight, they were left out of the analysis.

Plant names given in the tables corresvmond to those given in
"Excursion Flora of the British Isles" by Clanham, Tutin and

Warburg (1959).
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So0il analysis results.

Al Ao B c *Di Do
pH 5.75 5.8 5.2 4.5 6.0 6.2
Kt

- ]
(hig/ 25 31 15 12 12 9
100 gm.

dry wt.)

Mgt i50 160 65 38 66 123

(same units)

Ca

+4

280 308 157  38*x 298  2¢S

(same units)

* Only 3 samples instead of 10 were used to make the

» %

'amalgamated sample‘.

There was no difference hetween the readings obhtained
with and without lanthanum chloride. In all the other
samples, the presence of lanthanum chloride made a
large difference. The m2in substance normally involved
in interference with Ca*' in the estimation is
phosphate. TFrom this, it seems likely that there is
very little phosphate in C, compared with the levels

in the otheir areas.

Weights of tree litter from 1 sguare metre

Fresh weightu Dry weights estimated
(to nearest gm.)
A. Beech L4,S gm.
Oak 2.5 0 LO gm.
Other 0.15 gm.
(mainly birch)
B. Beech 88.3 gm.
Oak 3.3 gnm. 78 gm.
Other 0.75 gm. ’
C. Beech 506.2 gm.
Oak 3.3 gm. L2 gnm,

Cther 2.0 gm.




Estimated amounts of light reaching the plots

The figures given here represeat the estimated percentage of

total irradiance (from a standard overcast sky) which is

unobstructed.

Ai 87.3

Ao 89.3

B ‘.:-I'7-l+
82.2 mean 85,0
55.3

C 1,|.\)
0.3
0.3 mean 33.6
39.9
52.8

Di 90.1

Do 20.6
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Ai.

Ao.

=)

}J-

Mean weights and standard errors

March May June July August

Live 17.78 2.28 34,76 3,87
Dead 23,24 1.83 12.99 1.73
Total 37,06 2.51 41,02 47.75 66.2 10.7
Live 22.75 1.69 35.27 4.61
Dead 22.45 2,07 15.04  1.43
Total 41,8 2.32 43,56 3,92 45,20 50,31 34.6 3.6
Live 5.92 1.04 5.59 1.46 1%4.57 1.8§ 25.35 3.05 28.8 1,97
Dead 26.96 2,65 24,2 443 26.82 2,258 23,47  1.84 23,2 1.95
Total 42,88 39.79 41.39 48,82 52.0
Live £.34 0,93 12.55 1.51
Dead 49,07 .05 4,06 1.35
Total 52.4 6,60 Sh.2  3.89 55441 46,61 41,7 2.8
Live 16.64 L ,08 24,98 2.44
Dead 27.02 2.44 12,5 1.82
Total 51.6 3.99 45.517 2.90 43,36 37.48 47.6  17.6
Live 21.9 4,25 26.66 3,07
Dead 22,95 4,08 25.53 4L.14
Total L4L5.37 6.69 45,28 3,00 *55.85 52.19 32.5 1.7

* These figures were obtained from all 10 samples. 3 of the 'live' bags were mislaid.

The mean dead weight calculated from the 7 samples for which live material was available
is 39.5 (5.E. 4.39), and the total weight becomes 61.4.



(Differences between the means of consecutive samples) divided by the number of days

elapsing between the sampling intervals. + = increase, — = decrease

Ai. Mar.-May May-June June-July July-August

Live + 0.395

Dead - 0.238

Total + 0.120 + 0.157 + 0.596
Ao. Live + 0,298

Dead - 0,176

Total + 0.042 + 0,050 + 0,122 - 0.462
B. Live - 0.0075 + 0.345 + 0.220 + 0.105

Dead - 0.0627 - 0.284 - C.0&84 - 5.0082

Total - 0.070 + 00615 + 0,152 + 0.0964
c. Live + 0,124

Dead - 0.300

Total + 0.041 + C.0466 - 0,176 - 0.153
Di. ZLive + 0,199

Dead - 0.346

Total - 0.1%2 - 0.0717 - 0,147 + 0.289
Do. Live + 0.113

Dead *~ 0,200

Total - 0.0019 + 0.352 "~ 0.0871 - 0.579

* These figures were obtained from all 10 samples. 3 of the 'live' bags were mislaid.

The figures calculated using only the 7 samples for which live material was
available are-0.33%3 for the dead material, and

- 0.219 for the total.



Plot

Results from paired plots.

wt. of Wt. of

dead live
matl. matl.
21.6 45.2
13,8 64.0
25.2 243
15.1 21,8
22.5 33,0
15.6 29.6
5,9 11.9
38.9 7.1

21.5 13.9
19.8 5.7

Ratio of Initial Initial
dead/live dead wt. dead wt.
in 1st. A ‘B!
plot of
pair
0.478

30.6 18.5
1.037

22.6 18.5
0.682

20.2 25.1
3.86

27 .4 18.9
1.55

g.8 15.2

"Tnitial dead weight 'A'" is an estimate of the
of each pair, knowing the live weight at the start and assuming the ratio of live:dead
material to be the same on both nlots in each pair.

wt. of dead material on the second plot

equal to the mean value of this ratio

"Initial dead weight B" is an estimate of the initial
of each pair, assuming the live:dead ratio to be

for the area (4, B or C). zzxmxwkeks.

The corrected losses A and B are czlculated using the
by the 2 methods.

at the start of the period.

initial wt.

Uncorrected
loss

~J

Ny

10.1

7.0

Te7

Corr'd
loss
'j\'

.
<o

~11.0

Corr'd
loss
|B|

1+-7

=20.0

-4.6

of dead material on the second »nlot

values Tor the initial dead wt. estimated

The uncorrected loss is obtained simply by subtracting the wt. of dead
material on the second plet at the end of the period from the dead wt.

on the first plot



Ai - Association Tahle compiled from the July samples.

Position on grid:- 4y 3 5,2 7,2 8,6 8,7 9,6 12,3 12,8 Wy 7
Dactylis glomerata 31.0 14,8 2.0 1.6 19,9  25.6 26.1 18.2 5.6
Alopecurus pratensis L.7 7.3 5.4 25.1 11.7 1.6 0.7 1.4
Agrostis stolonifera Lo2 5.8 0.4 0.7 t 0.3 3.4 0.3
Agrostis tenuis 0.4 3. 0.3 1okt 1.8 0.2 0.4 t 0.1 t
Holcus lanatus 1.2 .6 t 0.2 1.2 9.4 6.2 3.0
Poa pratensis 1.0 0.1 0.1 0.4 0.6 0.7 0.1 0.1
Plantago lanceolata 7.7 t 2.8 2.4 0.2 0.1 0.5 0.2
Festuca rubra 2.0 8.3 1o % 0.1 3.6 0.4
Rumex acetosa 2.5 2.3 0.3 0.2 0.4 0.8
Veronica chamaedrys 0.1 1.6 2.1 0.4 1.7 2.3
Geranium pratense 1.4 0.3 0.2
Ranunculus acris 0.5 0.2 0,2
Ranunculus bulbosus 0.2 0.3

Luzula canpestris
Arrhenatherum elatius
Taraxacum officinale

0.2

0.3



Ao - Association Table compiled from July samples

Position in grid:- 3,5 3,6 4y3 6,4 741 2,6 9,2 12,4 14,7 15,7
Dactylis glomerata 4.9 1.4 43,0 61.3 29.0 3. 5.8 6.0 34,2 1.6
Alopecurus pratensis 9.7 9.9 0.2 5.1 7.4 10.4 12.7 6.2 5.0 21.9
Agrostis stolonifera 0.2 0.8 132 1.0 G.3 5.0 1.1 0.% 0.5 0.
Agrostis tenuis 0.1 0.1 t 0.5 1.2 0.3 0.2 0.3 0.1 0.2
Holcus lanatus 2.8 2.0 17.7 2.7 13.7 4,0 1.5 1.3% 1.7 0.4
Rumex acetosa 0.4 2.0 0.7 e 2 16 C T4 0.6 0.2 1.4
Poa pratensis t 0.8 0.4 t 0.3
Plantago lanceolata 0.3 0.3 0.9 0.2 0.5
Veronica chamaedrys L, 1.4 5.3
Festuca rubra 0.4 t 0.3
Ranunculus acris 0.1 0.5 0.2
Ranunculus bulhosus 0.4 0.3% t
Geranium pratense t
Taraxacum officinale 0.8
Chrysanthemum leucanthemum t t

Cerastium vulgatunm 0.1



Position on grid:-

Dactylis glomerata 343
Poa pratensis 567
Holcus lanatus 1.8
Festuca rubra 1e2

Alopecurus pratensis
dgrostis stolonifera
Agrostis tenuis Ol

Rumex acetosa t
Potentilla sterilis
Ranunculus acris
Ranunculus bulhosus
Rarunculus repens
Veronica chamaedrys
Viola riviniana/odorata
Geranium pratense

Vicia cracca

Cerastium vulgatum
Medicago lupulina
Heracleum svhondylium
Conopodium @ajus

cr

Association Table compiled from the July samples

3,6

-
n

‘11,5

12.1
3.9
h. 4
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3.0
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C - Association Table compiled from the July samples.

Posibion en grid:— Z12. e 36 WS 14,b 16,4 16,10 QAT 247 24,00
Anthoxanthum odoratum 6.7 4.1 3.9 3.4 0.3 Tk 9.2 5.3 4,6 3.4
Agrostis tenuis 0.8 0.2 5.6 5.0 3.1 ) 4.9 7.5 5.4 4.9
Agrostis stolonifera 0.8
Festuca rubra t 1.0 1.7 2.2 0.1 t 0.4 t 2.0
Rumex acetosa 0.3 2.1 t 1.8 0.3 t t
Dactylis glomerata 3.4 4.3 1.9
Potentilla erecta 0.1 0.5 1.9 0,8
Holcus lanatus t 3.6
Conopodium majus 1.0 5.2 0.2
Cerastium vulgatum t
Galium saxatile t

Holcus molls b



Di - Association Tabhle compiled from July samples.
Position on grid:- 4y3 5,2 7,2 8,6 8,7 2,8 9,6 12,3 12,8 14,7

1

&=
.

Alopecurus pratensis 9.0 0.7
Agrostis tenuis' 0.1
Agrostis stolonifera

4 19,6 3.
. 1

WO O

3.2
3.8

oo}
A -

Poa pratensis
Rumex acetosa
Dactylis glomerata 10.0
Holcus lanatus t
Veronica chamaedrys 3.0
Achillea millefolium 1.7
Ranunculus acris 0.3 0
Kanunculus bulbosus 0.
Geranium pratense t 2.5
Ranunculus repens 0.4

Cerastium vulgatum 0.3
Potentilla erecta 0.4 ’

Festuca rubra 0.
]
1

v
o F O
YR IR-S

S



Do - Association Table compilled from July samples.

. . . a 2 "
Position on grid:- 2,5 3,6 4,3 6.4 71 3.6 9,2 12y 4

Alopecurus pratensis 2.9 6.4 Tolt 11.1 7.0
Agrostis tenuis t t 0.2 1.0 0.7 0,2 1,0 N.7
Agrostis stolonifera 1.2 0.1 2.6 1,0 1.0 0.3 1.0 t
Rumex acetosa t t t t 0.2 t t t
liolcus lanatus 1.6 1.8 t 3,0 2.0 6.8 2.5
Fegtuca rubra 0.3 0.7 0.6 3o 1.0 2.7 .6
Dactylis glomerata 3.8 37.3 17.6 7.5 0.5 26.1 )
Poa pratensis 2.6 1.3 5.5 t
Veronica chamaedrys 1.9 3.3 0.1 3,2
Ranunculus acris 1.2 Q.4 0.2

Ranunculus bulbosus 0.3 0,1

Anthoxanthum odoratum 0.5

Cerastium vulgatum t

Conowpodium majus 0.2

Helictntrichon nuhescens 2.0

Plantago lanceolata 16,6

Medicage lupulina t

Arrhenatherum elatius 1.0

[

0O 0o
~ o

-



DISCUSSION

Criticisms of nethods

The following criticisms of the methods employed became
apparent during the course of fthe work, and should be borne
in mind, varticularly if the data are to be compared with data

from other sources.

a. QE%EESEifn_ZE_lef_%litEE it would have been more desirable
to collect this in litter baokets ag it fell; this would have been
easier as well as giving a better idea of the amount of litter
falling through the air. TUnfortunately, work on the project
did not start until nearly all the tree leaves had fallen, so this
course of action was-no longer onven.

To what extent litter bhaskets placed on or near the ground
give results resembling the weights of litter which accumulate
in and on the ground vegetation is difficult to say. The
aerndynamics of litter baskets and natural vegetation are unlikely
to be identical, and, since dead tree leaves continue to be
blown arocund ths ground for at least several weeks after leaf
fall is complete, there is a possibility that litter may
accumulate in pockets in the vegetation, and be more unevenly
distributed than litter basket results might suggest. This
problem was not investigatéd in the course of this project.
Litter was collected froim one scuare metre only in A. B and C
so as to avoid interfering with the habitat more than could be

helped.

BN

h. Selecticn of exnerwmenta] areas. From the results of the
partial soil analysis. and the weights of litter collected ner
square metre, it is obvious that the difference in shading is
far from being the only appreciable difference between areas B
and C. Hadé the soil snazlysis bheen carried out at the start of
the project. ir.stead of near the end, this would have been more
obvious, and different areas mizht have been chosen for comparison.

As it is, it is impossible, from the date gathered in this study,



to say which factors are likely to be most important in
limiting production in area C ss compared with area B.
In general.,, selection of experimental areas might have
been easier if thev had been examined earlier in the year, before

most of the grass was dead.

¢. Spacing of clip-plots. The lack of any space between
ad jacent clip=plots may have led to unwitting encroachment on
some of the plots scheduled for cropping later in the season.
As new growth occurred on plots which had been cut, it was
difficult to tell whether such encroachment had happened.
Perhans a more imvortant disadvantage of the contiguous
spacing wss that trampling on experimental plots was inevitable,
particularly irside the fenced plots. (It was because of this
that the plots in the unfenced sections of areas A and D were
also contiguously spaced.) However, since it was both possibhle
Aand more convenient to crop nlots near the edges of Ao and Do
while standing outside the experimentasl areaz, it is probable that
the phots in Ao and Do were less tramplad than those inside the
fencing. No measurements wesre made of the amount of trampling
which occurred, nor any attempt made to measure its effects.
Another obvious consequence of contiguous clis-pvlot svacing
wes that cuttirg one plot would tend to increase the exposure
of sides of ad acent plots. This was pernaps most important
in removing dezd material overlying leeward plots in the spring.
It had been intended to compare the results from plots which had
been exposed ir this way with the resulis from plots which had
not, but the vsriation between cliv-vlois was so great that
this procedure did not seem worth while.
Whether the extra exmnosure of adjacent plots would be
appreciable in the case of plets cut later in the growing season
is more doubtful, 2s the dimensions of the cliv-unlot were not

large compzred with the heirht ~f surrounding vegetation.




d. Edge effacts of fencing. 2 main groups of edere effects

are likely to mave bheen presart:-

i. Reduction of light intensity and wind speed. Grass was

nrevented from piline un around the cutside, but grass
insifde tended, mostly along the leeward edges, to adhere
to the "Sticktite" when it (the grass) had grown to
about 45-50 cwms. high, and this probahly accentuated the
reductinon in light transmission in the fence region.
No estimate was made of the extent c¢f any such reduction.
(The d=finition of rcbjects at the edpe of the field of
the Hill lens used in light estimations was very poor.
Nc astemnt was made to compare wind speeds inside and
oatside the fenced portions, nnr were any dummy fences
erected elsewhere to ses what differences in vegetation
were noticeable (if any).

P

Modif . cation of drainage, and other s¢il changes.

Lde
¥

h

a

Installing the fencing involved digming a gronove in the
s0il alout 30 cms. deev, inserting the wire netting, and
then replacing the scil. Attempts to revlace the turf
on top were nnt really successfvl. There is thus &
possibhility that soil conditions near the fence were
changed sufficiently to affect the vegetation nearhy.

No attempnt was made to measure such changes. The
expeririental ar=as Ao and D~ were Tm. away from the fence,

to avoid the disturbed zons. All tramplineg and nther

iisturbance d:ring fence installation was restricted to

[

ha ground outside the fence. the area inside being left

untouched.

e. Lack of control§ in sorting. The writer did all the sorting
of nlant materials in the proiect, takiung some stecimens to the
Botany Dent. fcr identification. There was thus no external chack
on the accuracy of the sorting. and so comparisors ol the weights
of individusl species with any obtained by other workers must be
more tentative than would have been the casz2 if there had heen

soime chece'r.,




The main reasons for the lacik of any check were:-

It was ouly really feasible to sort material which was in

a fresh condition, nr had been preserved in such a state

in a deep-freeze. Turing sorting on the bench in the lab.,
the material inevitably started to dEy up. No method was
devised of ensuring that the material could be brought ton

a standasrd, reneatable fresh weight, analcgous to the dry
weight. Consecutive sortings could therefore not be
compared. and the material varied so rmuch from cne clivn-wnlot
tc anothar that comparison of the results of sorting
different plots would have been useless as a check on sorting
accuracy.

Sort‘ng into species was rather time-consuming - each bag

from a 25 cm. % 2% cm. clin-plnt took several hours - and

n

ome hesitation was felt in asking people to give up an

appreciable length of time to this rather tedious nursuit.

It might have been mossible to make a check in the following

manner -

i.

ii.

.

iv.

Sorter A sorts the materizl into species and weighs them
in their conditicon 2t the time. ke then mixes them up again.
Re~-structuring of the bag contents insvitably would occur,
particularly in the cutting of leaves into live and dead
portions, but this seeins unavoidahle.

Sorter B takes the mixture and sorts it, dries and weighs
the svnecies.

Tach sorter then exprasses the weights of svecies as
percentages of the total weight he got af the end of his
sorting.

Fresh samples of the different species are lzid out to dry
in the lsb. 2nd weighed at intervals, to check that
different species dry at the same rate. If they don't,
correcticns would have to be applied to the vercentages
caleculated by the first sorter, kuowing the total length
nf time elansed from taking the samples out of the bag to

the weigking of species by sorter A.



v. Reciprocal sortings would have to be done (A sorts bag 1,
B sorts bag 2, both weigh, then exchange remixed hags and

sort again), in-case consistent errors of identification

[

arise as the material dries.

f. Soil analyses.

M

Many important vnreoperties were not examined at all - =.p.
the proportion of differzant sizes of soil particles, total cation
exchange capacity, concentratiocns of ghosphate and nitrate and
other important nutrients. We soil pits were dug in the field
to make detailed examinations of the soil in situ. Tn conseguence,
the picturs we have of the soils is exceedingly sketchy, and
indicates little more than that there is anvreciable variation

between the different areas.

In the interests of sp=2ed, the 2 . fractions from all
snil samples within each area were comhined., so that we have only
one value for each property measured, for each area. The results
therefore give no indication of the variability of soil conditions
within esch area. Although scrie pooling of soil samples is a
fairly common procedure to minimize measurement of very local
varjations which are not important for vlants whose root systems
cover a wider ares, the writer does not think that pooling of
samples to the 2xtent done in this case is really desirable.
Although no root systers of plants in the field were traced out,
it seems unlikely that the root zystem of any individual nlant

would cover an area anything like as big as 3wm. ¥ 4m..

The restriction of samvling to the surface layvers can also
be criticised; at least some ~f the roots extended mucih further
down than the samphes, =nd it is possible that thev mizht be
particularly important in supnlying cations (e.g.) to the vplants.
Analysis of successively deeper samples frowm the same sites would
have given a much more complete picture. 1In particular, we mirht
have learnt whether the marked differences shown in the figures
for area C are merely surface phenomena, or occur ddeper down in

the soil as well,



g. Light intensity estimations

When the ©un is shining, the contribution of direct
sunlight to the totzal amount of light energy falling on the plant
is usually much more important than the contribution of diffuse
lJight. The rapid estimation done in this »roject does not take
this into account; time was not available to calculate the solar
tracks and work through the meteorological records. If it had
been desired to estimate, in absolute terms, the amnunts of light
falling cn the areas, it would also have beén necessary to have,
during the season, 2 continuvously recording pyrhelioneter or
bimetallic actinograoh or other similar instruuent, to indicate
just how much energy was coming from a cloudy sky on a varticnlar
day, and so on.

No estimations have been made at the moment of the relative
amounts of light reaching the areas wher the trees are not in
leaf, though from the photograchs taken such estimates could
easily be made, for a standard overcast sky. In consequence,
the estimates given do not apply to the March-May interval

(

between samples (as the canopy opened in the first week in May).

There is considerable variation in the amount of shading
between the 2 ends of area C (one end receives only 11.8% of the
irradiance from a standard overcast sky, the other end 52.8%,
if transmission of nseful light (7or vphotosynthesis) through the
tree canopies is assumed to be negligible). So, although the least
shaded part of C is much more shaded than the most shaded part
of B {(which gets 82.2% of total possible light), comparisen of
mean values fo¥ C with other values, with a view to looking for

differences attributable to reduced light intensity, should be

undertaken with great caution.



Comments on the results.

No attempl is made here to summarise the whole oi the results;

instead, a few comrments

kY

re nffered on varticular features.

Comnaring the weights of live plant material on the

ed

different areas, the most striking feature is the mar]

an

lack of growth recorded for C, compared with the figures for

B. The data we have here are, of courses, aquite insufficient to
enable us tn attennt any evaluation of the relative importance of
the factors invrived, particulariv as variations vetween cliv-vlots
are so great trat significant differences between plots in different
parts of the szme area are difficult to establish. In any case,

we do not have senparate Tipures for soil properties in different

parts within ar area.

Another vervy intaresting featiure is the contrast hetween the
drop in the weights of total materisl in the August samnles for

A

Ao and Do, and the rise in Ai, Di and B. A and I are bnth near
the hedge by Hcllingside l.ane, on the othar side ¢f which is a
mixed wnod; Zoclogy Heonours students doing trapnine experiments
in June in the field had found avnreciahle numbers of voles only

near the hedge.

It seers rossible that we are rcbserving a grazing 2ffect, in
which field voles are eating a greater proportion of the growth in
o and Do than in B (where the total weight rises). It is not

immediately obvious, from the data we have, what other factors

jo ]

could cause this rather striking differernce between the fenced an
nnfanced varts of A and O, which for Ai and Ao at least approaches

statistical siznificance. The facl thal there were only 5 plots each

crooned in D1 and De in Augus', compared with 10 in Ai and 4p, may

partly explain the substantially larger standard error for Di,

comopared with Ai.
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Early in —~he spring, several holes eaten in grass
tussocks, apparently by voles, had been seen in the area of

Do.

It seems unlikely that a difference as large as that between
Ai and Ao, and Di and Do. could have bheen caused simply by
the removal cof dead material from outside, but not from inside,

the fenced areas.

No evaluafiion of insect populations was made, so we cannot
say whether or not tiere might have been differential grazing

outside and inside the fenced areas by herbivorous insects.

The very ruch larger standard errors for Ai and Di than
for Ao and Dc lead one to wonder whether tussocks and hollows
are becoming more pronounced inside the fenced parts than outside,
or whether in some other way 3 pattern whose scale is similar
in size to the 25 x 25 cm. quadrats used has become more
pronounced inside the enclosures than outside, towards the end
of the summer. By mid September, when this statistical feature
was discovered. there were no very obvious differences hetween
the appearancess of the vegetation inside and outside the
enclosures. Nor do there seem to be anv striking differences

shown in the association tables given.

As far as we can see from the data given, there is a
decline in the amount of dead materizsl during the summer.
Wiegert and Evans {1964), working in an old field in Michigan,
found the weight of dead material to be approximately constant
throughout the season. Part of the explanation of the difference
nrobably lies in the fsct that there is an appreciable input of
tree litter in this field, whereas thers were no trees near

Wiegert and Eveans's plots.

Starting {from the weights of tree 1litter collectad in the |
nrevious autumn, we can say that, if there is to be no accumulation j
of this materiszl over the years, then, hetween one autumn and the
next, at least 4O gm. of tree material wner saquare metre must be

decomposed in £, about 80 gm/m® in B and about 520 gm/m® in C.



In Durham there is no period of continual frost, so it
should be possible for decomposition to occur most of the time,

even if very slowly.

In the sorting of material colliscted in May from area B,
tree litter wais Aistinguished as a separate category; the mean
weight mer clio-plot was 5.2 gm. dry wt. (standard error 0.53 gm.).
The estimate froa the vrevious autumn of 7& gm/m? is equivalent
to just under 5.0 gm/clip-plot; so this original estimate seems
to hzve been a slight under-estimate. If it is not a fairly
substantial under-estimate, little decomposition can have

occurred bhefore May.

Most of the tree litter seemed to have decomposed by the
time of the Ju.y sampling period; apnrecifable quantities were
only to be found in the samples from area C. It was hecanse of
the general lack of tree litter that such litter was not given

a separalte category in the detailed sorting of the July samples.

If nearly all the tree Zitter was decomposed between the
May and July sampling neriods, we would expect the following
approximate losses in weipht of dead material ver clip-plot,

on these grounds:-

. 40

Ao ET or about 2.5 gms..
B 50 about 5.0 gi

B g evr about 5.0 gums..
C LL0

=z or about 27.5 pms..

The observed lrsses i

n
same period (WMay-July samplings) were:-

Ac 10.25 gmre. + an unkaown amount between May and June
samnlings.

JE] 7.k gme.

C 15.01 gws. + 2zn
e

unkncwn amount, at least 5.1 gws.,
we (24

twe=n May and June sannlines.

F -~

Gf course, this year's (1966) growih of sround vegetation
is producing dead plant materizl, as bhasal leaves and sheaths of

grasses die.



If we assume taat, during the period between the May and July
sanplings, Jecomposition of dead ground vegetation kept pace

with the prodnztion of dead materiali, then there would be no

net addition t> the total amnunt of dead material. This
assumption seemns fairly reasonable; if it were not true, then
either the amouant of dead material per unit area would increase
over the years, cr the rate of decompositicon after mid July would
need to bhe substantizlly greater than that between WMay and mid
July. Unfortuiately. in the time available it was not possible
to analvse metsornlorical records to see if there was any chang
weather conditions which might be likely
difference. No productivity data were collected from the areas
during 4965, and 50 the vossibility of an increase in the total
amount of dead material cannct be ruled ocut. Some increase in the
4 vears since the field was last used as a pasture could

Y,

reasonably be expected, though it is uncertain whether such

1»1-‘

4]

increase would still be countinuing at the time of this project.

On areas .o ané B it would ohviously, from the figures
Ziven above, be possible for all the tree litter o have been
decorposed during the periocd between the May and Junes samnling
intervals. In fact, at least 7.7% gns. of other dead material
on Ao (per clin-plot), z2nd 2.4 gus. on B, musi have decomposed

in the same interval.

On area € there was still a 1little tree litter left in
July, but it lonks zs though it would be easily possible for the
remainder, and other dead material wnroduced by the &

vegetation, to have decomposed in August.

A11 these comments have had to be bhased on auntumn litter
figures about vhose variability, and hence reliability, we have
no infowruation. 1If larger areas had bheen chosen and a detailed
plan of cocllections and cronnings worked out before the autumn,
it might hav8 teen possible to be more precise ahout the dynamics

of the systen.



In any suhsequent work on ecosystems where tree litter

)

forms a substantial part of the total plant material at some time

during the vear, free litter should obviously be separated fron

)

otner plant material durine sorting.

Palred plots results

The results from the vaired vlots re-emphasize the variability

of the communities under study, from one voint tn another. (&

ckx examination of the assnciation tables shews the great

}_l-

au
variations between plots in the same areas.) Despite the fact

that care was taken in selectirg plots which were as similar as
possihle for mairing., the plote for arez C apnear to have heen
distinctly dissimilar, and some nf the results obtained quite
unrealistic. 7The ratioc of live:dead material, as well as the actual
weights of nmatecial on different plots. varies widely. It is

okvious that in any future wnrk much larger numbers of paired
plots will be resguired, and a resn value used for calculations.
In view of the unsatisfactory nature nf the data asseibled here,

only 2 few general comments can reascnably bz made.

Deswite th= veculiar rssults from the C plots which suggest
a gain in the w2ight of dead material (obviously anoamalous in

view of the suhstantial decreases in “ead weight recorded from the

ordinary clin-plots’i, the general nicture is one of an apnraciable

loss o7 dead material., TIf is warticularly interesting te compare
the loss af very roughly O #ra s ver plot given by the 7 pairs

..,,
\')

of nlots neszr area 2 with the decline in weight of dezd material

ol only .27 gms. shown in the figures for ths ordinarv clivo-plo

If the fipure of & gmns. ig ahout right, it would imply that the
total net »rimary production per olot in B during the July-August
interval is abont 9§ gms., (6 gms. shown by the paired nlots, =inus
0.27 guw. found ny comparing the figures for weights of dead material

from the July a1d August clip-ulots, »nlus 3.45 pgms. increase in

bRl

the waisht of live material shown from the clin-plots).




The same calculation may perhavs be clearer if we lay it
out as follows:-

Let
Wt. of material dead =zt start
af interval = X gms,

material which diess
Auring interval = ¥ gus.

_.
u5
2,
ot
N
by

Wt. of material which

decomnoses during interval = 2 gns..
Then Wt. nf dead maverial at end
of interval = X + ¥ - 7 .
Insertine the fipures for B in thes July-August interval, we have
23.2 = 23.L47 + ¥y - 6.00
Sy = 23,2 - 23.47 + £.00
= S5.7%

How, total net production (i.e. the excess of photosynthesis

er respiration) during *the interval will be equal to:

0

(difference hetween weirhts of live material at start and finishl]

+ [amount of waterial which dies during the interval but is
revlaced by new live materiall .

In this case, totzl net vproduction will be equal to
3.45 + 5.73 @vs., i.e. 9.12 gms..

~

(The retention >f 2 decimal viaces in the calculations shown above
is not intended to imply 2 corresvoonding degree of accuracy, but
simply to make the calculations easier to follow. The same
corrient applies to subseguent calculaticns using this estimate of

A oms. from the maired vplots.:

73

If, for ar=a 3, we assume that deccmposition during the
intarval betweea the June ard July sammnlings was also 5 gs., we
could trnen estimate the tontal net production in the same wayv, as

follows: -

il

X + Y = Z.

-4

Dead material at end of month

Inserting the figures: 23.47 =26.32 « y - 5,00

23.L7 - 26,52 + 6,00

\'s

Whence total net nroduction woenuld be 1C.78 + 2.65, i.e. 13.43 gns.



vWe should note here that this method of calculation does
not take into account tree litter, coming from outside the ground
vegetation system we have been considering in this wmodel, and is
therefore not strictly applicable in this particular case. If
we attempt the same calculation for the May-June interval, again
for area B, and again assuming z to be 5 gns., we pget a negative
value for y, as the decrease in the weight of dead material ner
plot (7.38 gm.' was more than 5 gm. during this interval. Of course,
we might then arpgue that at lesst (7.38 - 6.0) gm. of tree litter
ner plot must have decomposed in fthe intsrval; but tn argue in
this way is of little valur ani certainly geins far further than
our present inadequate data conld justify. The real need is for

separate data on the amounts of tree litter throughout the year.

Estimation of productivity.

We can obtzin a minimum =2stimate of productivity on the areas
by subtrsciing the total weight of plani matérial at the March
sampling from the highest total weight recorded, and then

adding to the estimate so obtaianed the weight of litter estimated

te have fallen onto the area in the autumn from trees. In doi

o}

y

n
this, we have assumed that all the tree litfter has decomocosed by
the date the highest weipht is recorded. and we are neglecting
altogether the decomposition of unn-tree dead »nlant material, and
the production of material which has grown and died before the
time we recorded the highest total weight.

Noing this, we get the following estimates of productivity

per nlof over the season:-

Ai: Ab.2 - 27,06 + 2.5 = 27.54 gn.
fo: E0.31T - 41.8 + 2.5 = 10.81 gnm.
B: €2.0 - 42,883 + 5.0 = .12  gn.
C:  41.7 - S2.4 + 27.5 = 16.8  go.
Di: 114-7.6 - 5'].'5 + 7 = =L,0 + ? o,
Do: 55.85 - 45.37 & 2 + 10.48 + 2 gn.

Di and Do wovuld nrobably receive ahout the samne amount of
litter as A, i.e. about 2.5 gm..

Tor area C, the assurnption that 21l the tree litter has




decomposed by hugust is wrong. When the fresh litter was being
collected the previcus autumn, a laver of obviously much older

tree litter lying on top of the soil was seen, implying that the
complete decomvosition of a year's tree litter takes longer than

2 year to accomonlish.

For comparison withn the last table of figures, the known

increases in the amounts of live material vresent are as follows:

Ai 16.98 (June-July interval only)

Ao 12 .52 ( 1" 1" i " )

B 22.88 (March-August)

C 65.21 (June-July interval only)

Di .,“_3}4_ ( " " 1 " )

Do 4.76 ( t " " i )

This exercise effectively Jdemonsirates the futilit

v of trying
a

ad mai

[v]
=
f1d
(&9

to estimate mrcductivity, 2 systea like this whe

in ea a
lies over the winlter, from the total weight of nlant material.only:

It can be seen that it is ess

[yi]

atial at least to separate live

material from dead, and weigh "t separately.

We just dc¢ not nave enough data from the paired plots to

make further cslculations using them werth-while.



COWparlsons with other work.

The known productivity of area B was 22.33 gnm./cliv-plot.

This is equivalent to 3865 mm./m%.

We can compare this estimate with sowme other figures
estimated by comparable methods. Welch and Rawes (1964),
reporting on the effect of excluding sheed from Pennine gzrazings,

cte standines crops, in mlots from which sheep had been
excluded for 7 yvears, of 160, 212 and 265 gm./m? (dry wt.).
These weirhts exclude the bottom 4-7 crs. of the aerial parts
of the plants.

Wiegert and Evans (1964), working in an old field in

'swale' areas.

Michigan, divided the field into 'uplancd' =znd
The soil of the upland parts of the fielid is stated to be =
grey-brown pnodzolic sandy loam; "this soil is porous and, in a
well-cdrazined area such as the Uld Field, dries out quickly,
especially with the low vrecipitation in the latter part of the
growing seascon. In the swales [shallow, poorly drained depressions]

the original soil nrofile hss Lesn covered by as much 28 1 m of

alluvial silt. These surface devosits in the swales retain
considerably more moisture and have a higher ormanic content

than the sandy soils of the uplands.’

Wiegert ani FEvans guote peak standing crops of abeut
130 gm/m? (dry wt.) for the upland psrts, and about 225 gm/m?
for the swale. It is interesting that in this field, previously
farmland, they are getting peak standing crops no higher than
Welch and Rawes record for nlots more than 2200' zbove sea level
in the northern Pennines. Wiegert and Evans alsc estimate, from
a series of paired plot exveriments throughcut the growing season,

P

that, on the upl.and, the ratics of annual growth to peak standing

cr

O
..7

v of Freen materizl are about 2.5:1, and on the swale about

g

westlake (1963) guotes an approximate organic productivity
for temperate terrestrizl herbs of 2 kg/7*/yr., with a range of

about 25% each way. Lolium spn.. in & good site in New Zealand,


http://Pennjn.es

produced a seasonal maximum biomass (éry wt.) of 2.2 kg/m®.

fad

Hence the productivity in this part of the old field at Durham
is far below agricultursl crop vields - as indeed is obvious

on the most cursory inspection of the site.

Golley and Gentry (1966), working on a 12-year abandoned
field near the Savannal River Plant in the U.S.A., found a
net harvest nroduvction of 435 =m/w®/yr.. This fisure was
obtained by summing the pesk standina crops for each species
throughout the year (different species reaching their maximum
productivities at different times), and was about a third greater
fa

than the veak standing crop for the community as z whole at

2ny one time.

Compared with the wealth of information available for
agricultural crovns, there are very few estimations of the
productivity of semi-natural or natural! grassland ecosystes.

From what is available, it is obvious that a good deal more work
is neaded before the outlines nf any broad picture of productivity

in this sort of ecosystem can be drawn.
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Dates of collection of samples.

Date of noe. of dayvs time elapsed (days)
collection since 24 March since last crop
Ai May U 41 L4
Ao May 5 L2 L2
B May 7 Li Ly
C Mav 7 LL Ly
Di May 9 46 L6
Do May 10 L7 48
Al June 6 74 33
Ao June 7 75 33
B June 2 70 26
c June 2 70 26
Di June & 76 30
Do June © 77 20
A1 July 19 117 43
Ao July 19 117 L2
B July 21 119 L9
C July 22 120 50
Di July 20 118 42
Do July 21 119 L2
Ai August 19 148 3
Ao August 22 151 3L
B August 2% 152 23
C August 25 152 32
Di August 2L 153 35
Do August 2L 153 2L

Paired plots:-

First crop of Sezond crop Nn. of days
dead material of dead material elapsed.

A c/d G July 13 August 35

B a/b 11. July 13 August 33

B ¢/d 14 July 19 August 36

C a/b 18 July 19 August 22

Cc-¢c/d 18 July 19 August 32



Weights of vlant material collected on clip-plots

March.
Flot Total wt. Live Live , Plot Total Live ILive
grass herbs* wt. grass herbs
2,4 45.6 . B /3 34.,2 2.9 0.7
. M, 39.5 3.5 0.1
g'} 43.7 | 10,4 52.2 5.9  t
oD 26.9 .
cor 15,15  36.6 2.5 3.5
7ak 574 . 19,4 52.3 6.1
8,3 R , 9,0 H52.3 s 0.1
10,4 47.0 boer,o 33,0
16,5 LO.& ! 10,14 40.0
1%,73 37.6 i 12,3 E4.7
15,2 56.9 ? 1,7 66.0
15,4 L0.7 2 14,9 59.2
! 15,15 76,7
‘ 2%,15 27,2
2,6 64.5 Do 2rle< T a2y
244 56.8 2,9 54.7
3,0 64.5 6,1 27.9
4.7 32.7 6,6 a2.2
5y 71.1 8.8 29.8
6,3 4.2 15,3 33,4
£,10 37.6 , 18,2 49,9
10,3 48.6 ' 15,4 39.7
12,1 41.5
May
3,6 45.4 Ao Lyh 32.0
}+12 1-4-5-0 511 55-0
2,5 21.2 - 5.9
5,2 28.9 6,5 41.5
4,10 45.3 , 7,2 31,0
747 37.5 L 8,5 33.0
11,6 45. 4 f 10,8 L1.6
13,5 29.9 15,8 29.3
13,9 43.4 16,3 £6.4
8,5 34.3 1€,6 59.9
5,8 52.5 3.6 7.2 € 5,3 52.2
PN 45,4 16.4 0.2 5,14 5648
7,2 42.5 5.6 0.6 7.2 36.2
13,5 L7 .1 5.4 1.3 Oy 56.9
13%,15 35.5 2.8 0.7 9,1 £1.2
43,16 L8.4 2.0 1.6 12,5 59.8
15,1 42.5 2.5 3.4 13,15 35.0
21,5 Ll 2.5 n.0 13,10 72,4
18,1 f0.7
23,5 LO.G




Di

Al

[ov]

Di

Weights of plant material continued - sheet 2

May
Plot Total Live Live-~ Plot Total
wt. Erass herhs//, wt.
2,5 42.5 Do 4.k 52.5
3,6 42.0 K\ 541 35.8
L,? 5143 6,2 56.5
692 37-6 ‘775 36-7
741 35.7 7, 32.7
8,5 €7.2 5,5 55.6
4,10 39.9 10,8 43.6
11,56 Ll ,7 15,8 L4
13.5 2.5 14,3 L5 .9
13.9  54.7 16,6 577
June 44
6 54,6 25.9 3.48% 3,3 45.1
3,2 Lh. 1 19.9 2.0 b1 33.6
5,5 21.2 4.7 1.1 1 8,3 55,2
8,3 49,5 14,7 1.8 | 8,7 23.9
3,9 Yy by 12.1 2.1 | 9,1 604
9,2 47.3 15.3 4.9 11,2 36.1
9,3% 28.2 6.0 7.5 111,56 53.1
9,7 50.7 26.58 0.9 |12,1 51.1
10,4 26.2 f.2 6.8 14,3 £5.3
11,2 k3.0 1R.3 1.0/116,4 L7.2
1,8 37.0 7.2 8.61° 1,8 29.7
2,1 28,5 5.7 2.6 > 2,1 5804
79_,-5 53-’4- 16.1 3-0 71_:" ?6-1
9,9 4.5 10.4 5.1 9,9 49,0
9,13 42.3 23,8 G.1 2,1% 6it.5
12,14  55.2 9.6 .2 |312,14 £1.0
14,15 35,0 2.0 2.3 | 14,15 3645
16,7 4G.5 10.7 4.0 | 1A,7 52.7
2%, 4 NN 16. 4 5.2 | 23,4 46,0
24,11  30.0 1.4 .4 | 24,11 43,2
1,6 47.0 12.4 1.9(5° 3,3 £1.7
%, 2 40,6 5.0 7.9 ¢ i,l 35.4
5,5 36.0 10.4 .1 0 9,3 hiha9
8,3 47,3 q.L 5.0 1 3,7 88k
5,9 % 2 20.7 2.6 1 9,1 dead 22.3
9,2 39,7 £,7 5.7 (11,2 Aead 19.0
G, 3 242 %.9 .5 11,4 ol
9,7 0. 7> 51.8 1.0 |12,1 (6.2
10,4 35,1 4.9 0.0 | 14,8 39.9
11,2 L0337 7.3 5.1 15,4 dead 21.0
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Plot Total Live
wt . rrass

August

3,7 138.2

3,10 Q1.1

5,3 25.1

47 53.5

10, % 55.3

12,7 E3.0

12,9 26.6

12,10 Lo

14.6 63.4

14.9 of,2

5,12 57.2 29.5

7,6 49,3 16.5

10,7 S4..2 ZR.e

12,2 53.7 23.8

16,8 40.0 12.4
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