





Introdyction

4 common method of estimating the net primary production of perennial
ground flora species in ecological research is to calculate the difference
between the seasonal maximum and seéasonal minimum mean biomass for each
species. Thus, if the biomass per plant is measured on P occasions

during the year, the estimated annual production for any species is given
by:

P = N (vex b, - Kin b,)
1 1

where N is the plant density per unit area, bi is the mean individual plaht
biomass on the ith cccasion and Max and Min aPe' taken over the range '
i=14% 1 =p. :

Intuitively, it seems likely that this estimate of production would be an
overestimate of the actual production, despite the fact that the difference

is calculated between means rather than single observations. Nevertheless,

it is claimed that the estimate could equally well be an underestimate. Any
dry matter produced, but which has been eaten or has fallen off before the .
apparent maximum biomass has been reached, will be expected to displace the
appérent maximum from the real meximum biomass. Additionally, it is only

by chance that the timing of the sampling would coincide with: the time at which
the real maximum biomass would be reached; a similar argument can be advanced
for:the minimum biomass, Whilst the magnitude-of the underestimate resulting
from these sources is unknown, such a bias could be regarded as counteracting
ary overestimate resulting from the computation of production from maximum
and minimum meen biomass with which this note is concerned. R

This note gives the results of a preliminary exploration of the maghitudé'of

the bias which would result from the estimation of production by the standard
méthod_applied.towknown populations.

A _model population

As a basis for' investigation of the magnitude of the bias likely to arise

from the usual method of estimation, an ideslized population was first
constructed. The essential parameters of this population are given in Figure 1,
and are summarised in Table ., The model assumes & relatively low biomass
during the winter months, followed by repid growth to flowering in July,

a further increase in biomass during fruiting -in August, and ¢ rapid decline

to the winter state by November., It i&'hdt'suggQStéd“that'this is a model
for-any given species, merely a convenient starting point for investigation

of the properties of the estimating procedure. The amual production of the
model is 95.0g. :

At each of the monthly sampling times, it was assumed that a sample of 30
plants was taken and that each plant was dried and weighed before calculating
the mean biomass per plant. -This operation was assumed to correspond to
taking a random sample of 30 values from a normal distribution with the
appropriate mean and standard deviation. Table 1 shows four sub-medels,

the standard deviations being proportional to the mean biomass or to fractions
of the mean biomags ranging from 1/2 to 1/10., The minimum mean biomass
calculated in this way was subtracted from the maximum mean hiomass to provide
an estimate of the annual production and the whole brocess was repeated to
represent 30 years’ measurements, i e, giving 30 estimates of amnual
production based on samples of 30 plants taken ac each of 12 occasions.




Table 1. Parameters of population model 1
e M Standard deviation (g) ..~ = .. - -
mopth Mean(blomass ¥ M/2 M/5 . M/10
(g) | »
Jan 5.0 5.0 2.5 1.0 0.5
Peb 5.0 5.0 2.5 1.0 0.5
Mar 5.0 5.0 2.5 1.0 . 0.5,
ipr 40,0 10,0 5,0 2.0 1.0
Mey 30,0 30.0 15.0 .0 3,0
Jun €0.0 60.0 30,0 12,0 . 6.0
Jul- 90.0 90.0 45,0 18.0 9.0
rug 100.0 100,0 . 50.0 20.0 - 10.0
Sept - 60,0 60.0 30,0 12.0 6.0
Oct. 20.0 20,0 10.¢ %.0 2.0
- Nov - 5.0 5.0 2.5 1.0 0.5

‘Dec 5.0 5.0 2.5 1.0 0.5

& BASIC program for carrying out this sampling procedure is given in
Figure 2.

The results of thesc sampling experiments are given in Table 2. In all cases,
the estimate of annual production was significantly positively biased. Where
the standard deviation was taken as being provortional to the mean biomass,
the bias was as much as 10 per cent, but for standard deviations proportional
to one half, one third, or one tenth of the mean biomass, the overestimate
was reduced to approximately 3 per cent. Surprisingly, although the standard
errors of the production estimates were :markedly reduced by making the
standard deviations proportional to increasingly smaller fractions of the mean
biomass, the effect of these changes on the extent of the bias was negligible.

Table 2. Lstimated mean production and bias corresponding to
o sub-models of model 1 (N = 30)

Standard Estimated mean Percentage Student's

deviation production (g) bias t

M o 105.7 + 2.83 1.3 i 2.97 '3, 78w
M/2 S 97.5 + 1.06 2'.6)+ +4.11 2.36%%

K5 97.8 + 0.76 2,92 + 0.80 3, G
W10 98.1 + 0,40 3,25 + 0.4 7, 7R%E




A second geries of sampling experiments was carried out on the model of
Figure 1, in which the number of plants sampled on each occasion was
reduced to 10, as it seemed likely that a reduction in the precision with
which the mean biomass was estirabled would have = marked effect on the
extent -of the Lias in the caleulation of annual production. The results of
this second saries of experiumsnts are given in Table 3.. fgain, there was
significant bias in all the estimates of annual production, ranging from 35
per cent where the standard deviation was assumed to be preportional to the
mean biomass to about 1C per cent where the standard deviation was assumed
to be proportional to one tenth of the mcan. Changes in the assumed relation-
ship between the mean  and stondard deviation of the biomass had a marked
effect on both the mean annual production and its standard . error when the
number of plants sampled on each occasion was reduced to 10.

Table 3. Estimated mean production and bias corresponding
' to sub-models of model 1 (N = 10)

Standard ' Estinzted né-n - Pércentage Student’s
deviation production {g) bias t-

W " 128.7 £ 3.98 35.5 + 4,18 8, L7
M/2 111.5 % 2.53 17.4 + 2.66 6,53+
#'5 - - 1058 £ 1.1 1.4+ 1,16 9.7 H

/10 104.2 + 0,67 9.7 + 0.70 13, 85%xs

Alternative model

Again, intuitively, it seemed likely that the extent of the bias in the
estimgtion of annual production would be related to the shope of the seasonal
biomass curve, particularly as this would influsnce the probability of a mean
biomass estimate becoming a maximum for the year. 4 second model, with the
parameters given in Figure 3. and Table L, was constructed. The intention

of this model was tc contrast with the First by having six months et a low
blomass and six months at a relstively high biomass, the annual production of
the model being 50g.

Table 4. Parameters of population medel 2
Month Mean(%iomass N | S;?;dard doviati%?5(g) E M/10
g) : |

Jan 10.0 10,0 5.0 2.0 1.0
Feb 10,0 10,0 5.0 . - 2.0 1,0
Kar . 0.0 10,0 5.0 2.0- 1.0
Apr 60.0 0.0 30.0 , 12,0 £.0
Hay 60.0 | 60.0 20:0 12,0 6.0
Jun 60.0 60,0 30.0 12.0 £.0
Jul 60,0 60.0 30,0 12.0 6.0
Aug 60.0 60.0 ' 30.0 12.0 6.0
Sept 60.0 60,0 30.0 12.0 6.0

Oct 10.0 10.0 2.0 1.0

5.0
Novw 10,0 10.0 5.0 2.0 1.0
o

Dec 10.C 1C.0

3.5 2.0 1.0




The results of experiments with 30 and 10 plants teken as samples each
month are summzrised in Tables 5 and 6, respectively. is was expected, the
bias was consistently greater in model 2 than in model 1, although the
gencral relaﬁionqhips between th: ~mount of bias and the numbers of samle
plants taken each month, and between the amounts of blas and the assumed
standard deviationg, wore ginilar,

"Tab g 5 Betimated mean produccicn and bilag corresponding
' ‘o gub-models of model 2 (N = 20)

Standard Tstimated mean Percentage Student's

deviation profuction {g) hias t

3 - 7.2 4 1,27 345 4 2,5 13, GEvE
M/g 5905 X 0.63 ) 18,5 + 1,55 13‘7?$.‘§:$
B/5 4.7 + 0.26 9.5+ 0.52 18. 3gnk
_M/10 53.2 £ 0.1 6.5 + 0.22 28,91 %#*
Table 6. Estimnat: qﬂmeen preduction and bias corwesponding

o sub-Todels of model 2 (N = 10)

Standard Estimated mean Percentage Student's

deviatiion production {3z} bias t

¥ 52.4 + 2,07 66.1 + h 1l 15.99% %%
/2 £9,7 + 1.08 39.3 + 2.16 18,00 %%%
L7845 €i.6 o+ L2 23,1 - 0.8, D7, 7EE%
B/10 58.7 + 0.3 474 + 0.6t o8, 38%%*

Preliminary conclusiong

The experimervs with the *wo modals nf plant biomass confirm that the method
of estimating arnual prcdustion which has come to e regarded as "standard"
is likely to overestimatz the setunl osroduction. The extent of the over-
estimate is doperdcnt upon the relatiopship botwesn mean biomass and the
standard deviatvion of biemnss ol individusl plants at different times of the
year, the mumber of plants ssaup’ 24 on each occasion, -and the shape of the
biomass curve througlh the year. The offedt of the varicis factors is
summarised in IFFigure i..

Admittedly, the expsriuenbs so far carried out do not test the possible
reduction of ‘the estimabc oi production when the time of sampling did not
coincide with the timz of maximunm hiomass, butl, excent in fthe most favourable
situation of & marked geasonal maximar, samples of at least 30 plants, and
relatively swall increases in stariard devianbion with increases in mean
blomass, the reducticn would, need to be greater than 10 per cent to counteract
the blas arising from the mge of the usual method of estimating production,
Similarly, losses through the herbivores or handling would need to be
relatively large to sounterbalance the bias introduced by the calculation of
production from minitan ard caximm measures of biom.ss.




Sampling of ground flora species

It is of some interest to consider the possible extent of the bias for
individual species studied in a major study of a woodland ecesystem at Meathop
Wood, Grange-~over-Sands, Lancashire.

The relationships between the observed means and variances for each of the
species were examined by plotting the variances against the means on
logarithmic-scaled graph paper. Table 7 summarises the observed relationshipg,
and the numbers of plants examined on each sampling occasion. vor all species,
except arum maculatum, Potentilla sterilis, and Endymion non-scriptus, the
standard deviation was approximately proportional to one half of the mean
biomess. For Potentilla sterilis and Endymion non-scriptus, the standard
deviation was approximately proportional to the square of the mean, while, for
arum maculatum, the relationship was ambiguous, and the standard deviation
could be described as being proporticnal to either one half of the mean
biomass or to the square of one half of the mean biomass.

Table 7, Observed relationships between mean and standard
o devigtion of plant biomasgs
Standard deviation as Number of

Species function of megn 5 lants

W2 W5 w (/) pran
Viola riviniana . - 30
Fragaria vesca L . . 30
Fraxinus excelsior W _ 30 -

(seedlings) )

Oxalis acetosella v o 30
Saniculs europaea v - 30
Geum urbanuam ' i 20
Primula vulgaris - _10”;;;
aran maculatum o 7_ l”ﬁf' o 10
Potentilla sterilis wr 30
Endymion non-scriptus v 30

Given these relationships, and the number of plants sampled on each occasion,
sampling experiments similar to those undertaken on the model populations
might be expected to estimate the extent of the bias. However, information
on the shape of the scasonal biomass curve would be necessary, because of the
dependence of the bias on the shape of this curve. “he only practical
evidence of the shape of the curves available is the mean biomass caleulated
for ecach ganpling of the individual species, summarised in Teble 8. "By using
these means as approximations, the results of Table § have been obtained..

Four of the species, i.c. Fragarias vesca, Oxalis acetosella, Sanicula curopaea
and Geum urbanum, had no significant bias in their estimates of annual .
production. 4ll the remaining species hai significant overestimates of annual
production, except for “otentilla sterilis, where therc was a significant,
underestimate. ipart from " rui maculatum, where the overecstimate was at least
L5 per cent, the general level of bias was approximately 10 per cent,



Table 9.

bstimated bias for annual production of individual species

Species

Viola riviniana
Fragaria vesca
HFraxinus excelsior
Oxalis'acetosella
Sanicﬁla-curopaeé
Geum urbanun
Primula vulgaris
Arum maculatum
1 "

Potentilla sterilis

Endymion non-scriptus

Estimation of bias in the hectarc

Bstimated mean
production

0,223 + 0.0044
0,0112
0.0078

0,103 + 0.0022

1.223 + 0,0269

1.530 + 0.0411

6.95 + 0.229
5.39 + 0.095
0.187
'0,0201
C.576 + 0.0119

Percentage
bias
1M.54 +2.19
-1.05 + 2,29
9.08 + 2,53
-1.91i 2.13
1.95 + 2,24
1.31 2,72
10,9 + 3.65
45,1 4,08
69.6 8,01
=757 £ 2.40
11,54 + 2,31

I+

it

1+ 1+

I+ f+ i+

I+

Student 's

4
5.26%%F
C.45
5_59$#§
0.89_
0.8,
0.48
2.98w%%
11, 03%%%
8. 67%%*
;3.q5***
D Sk

If the calculations of percentage bias in Table 9 can be regarded as reasonable
estimates, the values can be used to derive the approxXimate percentage bias

for the anmual production of ground flora per hcotarc.
estimated numbers of each specie

Table 10 gives the
s ocourring in the sample hectare.

Combining the percentage bias, number of vlants per hectare, and estimated
production for each species gives an overall rercentage bias eof
8.59 + 1.27 per cent for the sample hectere.

Table 10.

Estimated numbers of plants of the various

Specics in the sample hectare

Species

Viela rivinisna
Pragaria vesca
Prexinus excelsior
Oxalis acetosella
-3anicula eurepsaea
Geum urbanun
Primuala vulgaris
Arum maculatum
Potentilla sterilis

Endymion non-scriptus

TOTAT

Number por hectare

286, 520
29, 4.0
483,480
481,450
33,880
17,200
20
1,080
31,000
616,200

1,976,760




Teble 8.

Mean biomass for monthly samples of ground flora species

Species

Viola riviniana
Frogaria vesca
Fraxinus excelsior
Oxalis acetoselia
Sanicula curopaea
Geun urbarum
Primule vuolgaris
Arum maculstum
Potentilla sterilig

Endymion non-soriptus

Jan

Feb

Bar

Apr

0.186
0.106
0.188
0.061
0,339
0.326
b, 3k

2.401
0.4.97
0.310

liean biomass per plant nmv

bay

0.271
0.323
0.138
0.058
0. 761
0.503
5.50

3,831
1.196
0. 641

Jun

L,029
G.8.9

0.613

Jul

0.329
0,310
0,208
0,076
7. 01
C.595
3.09

4.077
0.537
0.708

Aug

0.195
0.317
Ohl47
0.065
0.842
1.037
9.15

2.367
0. 524

0.456

Sept

0.203
0.3¢5
0.L35
0.135
0.533
0.857
6,46

2,952
0.603

C.301

Oct

0.309
0.152
0.301
0,05,
0.322
0.931
5.45

1.862
0.518
0.316

Nov

0.139
0.153
0.371
L,038

9.37>
6.75

1.779
0.360

0.233

Dec

0.198

0.289
0.036
0.436
€.289
5.73

2.449
0,669
0.310
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Figure 2. BASIC program for

gamnling expcriments S -

TAPE

10
20
30
34
as
38
“4
2

62

REM PROGRAM TO TEST BIOMASS EST[MATES '

DEF FNR¢(X)>=SGR(- LOG(RND(B)))*(COS(6.283185#X)+SIN(6.283185*X3)

DEF FNP(M)=M+M* (FNRC(RND(2))) _ o '
RANDOMIZE , S : _ -.;.'
LET A=@ "~ : o

LET 5=

FOR I=1 TO 30
PRINT
PRINT

7 LET H=0 .
g0 LET L=188
98 LET P=@

120
1109
120
130
146
150
168
170
180
10
209
218
220
230

2409

250
254
256

260

280
300
310
320
330
340

FOR J=1 TO 12
READ M :
FOR K=1 TO 30
LET E=FNP{(M)>

LET P=P+E

NEXT K
LET P=P/s30

IF P<H THEN 190

LET H=P )

IF P>L. THEN 218
LET L=aP

PRINT P,

NEXT J

LET B=H~L

PRINT *. ", ",B
RESTORE' '

LET S=S+(B-A)*(B*A)*(I~l/1)

LET A-A+(B~A)XI
NEXT 1°

DATA 54525210230, 60,900,108, 58, Qﬂa S5 5

LET. S*SQR((S/E?)/SB)

PRINT

PRINT “ESTIMATED MEQN BIOMASS“lAi“SE"SS!“T“S(A~9S)/S

STOP
END

READY

B e e e e e b e
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