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Summary. The mean annual population density of nematodes in the litter 
and upper 6 cm of soil was found to be 368,000 m -z.  Mean individual 
live weight biomass approximated 0.2 gg and mean biomass was calculated 
to be 74.6 mg live weight m -2. No evidence of seasonal vertical migration 
between the litter, 0-3 cm and 3-6 cm strata was found and on average 
these strata contained 21.9, 46.2 and 31.9% respectively of  the total number 
of  nematodes recovered. The equivalent biomass values were 26.14, 56.57, 
and 17.29%. Total  numbers revealed a general picture of low densities in 
spring and high ones in early winter, whereas biomass m -2 was low in 
late summer - autumn and high in winter. The annual oxygen consumption 
of the extracted nematodes was calculated to approximate 0.21 1 m 2 
(~4 .0  kJ m -2) but when corrected for the effect of  individual biomass 
(weight specific oxygen uptake) was equivalent to an energy expenditure 
~6 .0  kJ m - 2  which in its turn, because of the efficiencies of extraction, 
probably accounts for only 87% of the total energy expenditure by the 
nematode fauna. The nematodes were estimated to be responsible for a 
minimum of 0.11% to a maximum of 0.13 % of the total " so i l "  respiration. 
A production/biomass ratio of  5.16 was estimated as was a net population 
production efficiency of 36.63%. 

Introduction 

Nematodes  occur in their thousands in almost every type of soft and yet our 
knowledge of the density and biomass of free living forms is strictly limited. 
Yeates (1972) provided one of the most recent summaries of the available 
information. He tabulated data from studies of  ten habitats where densities 
were in the range 326,560 to 29,800,000 nematodes m 2 and biomasses 
were in the range 353 to 17 800 mg live weight m-2 .  Clearly, nematode numbers 
and biomass per unit area vary markedly between habitats. 

* P r e s e n t  address :  Central Water Planning Unit, Reading, U.K. 
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The present work reports on nematode numbers, biomass and respiratory 
metabolism and forms part of a research programme designed to investigate 
the ecosystem dynamics of a beech (Fagus sylvatica L.) woodland known as 
Brogden's Belt (Nat. grid ref. SU 464077) in Wytham Woods, Oxford. 

The Site 

A description of the site and its characteristics (canopy cover, ground flora 
cover, standing crop of litter, soil depth, soil density and soil drying out prop- 
erties) during the study period is given in Phillipson et al. (1976). An account 
of litter fall, litter decomposition and the evolution of carbon dioxide is given 
in Phillipson et al. (1975). 

In brief, the study site was established as a series of 10 x 10 m grid squares 
and covered an area of 5130 km 2. The rendzina type soil is shallow (642  cm 
in depth), overlies broken Jurassic limestone (" Coral rag") of the Upper Corallian 
strata (Arkell, 1945; Elton, 1966) andl with a single exception (pH 6.3), has 
a range of pH's from 7.3 to 8.0. 

Methods 

Sampling 

The study site was divided into 22 sampling strata. Each s t ra tum comPrised two adjacent 10 x 10 m 
grid squares and at approximately one mon th  intervals f rom October 1971 to December 1972 
one sample unit was selected at r andom from each of the 22 strata. 

The split cylindrical soil corers used to take the sample units were 1.05 cm 2 in area and 
were thus similar in size to those used by Nielsen (1949), no undue soil compression was noted. 
Sample units were divided into litter (L+F horizons), 0-3 cm and 3-6 cm soil depths. They were 
temporari ly held at 10 ~ C but  were always extracted on the day of collection. 

Extraction 

Both litter and soil were extracted using the " t ray  me thod"  of Whitehead and Hemming  (1965). 
Extractions were c0mpleted within 12 h and approximately 150 ml of suspension was collected 
from each sample. The suspension was allowed to settle for 18 h before decanting and centrifugation 
at 4000 revolutions per s for 5 s. Tests involving repeated centrifugation allowed a spin efficiency 
of 88.77% to be calculated for the "s ingle"  period of centrifugation. 

Counting 

Extracted samples were preserved in 5% formalin. At  a later date the preserved samples were 
placed in a petri dish over a sectored underlay (Solomon, 1945) such that the nematodes in 1/30 
of the total area of the petri dish were counted. The counts were multiplied by the appropriate 
conversion factor to give numbers  per square metre. 

Biomass Determination 

Approximately five nematodes per extraction were photographed with a scale under  a microscope. 
The negatives were subsequently projected onto a screen at a magnification of  approximately 
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x 200 and the length and max i mum width of each specimen was determined. A total of  4494 
nematodes was measured in this manner.  From these measurements  biomass was calculated accord- 

W 2 x L  
ing to the method of Andrassy (1956) which employs the formula ~ and is in ixg when 

W (maximum body width) and L (body length) are in ~tm. It should by noted that in employing 
the Andr~tssy formula, total worm length was recorded and thus tail lengths were not  altered 
to allow for conoid tailed species. 

Mean individual biomasses were calculated for each mon th  which, when multiplied by the 
appropriate monthly mean  density, provided estimates of  the mean monthly  biomass. 

Ancillary Measurements 

From April 1969 to June 1971 field temperatures had been determined at seven randomly sited 
stations on the study area. At six of  these a sucrose inversion technique (Berthet, 1960; Lee, 
1969) was employed to calculate for tn ight ly in tegra ted  temperatures and at the seventh a Grant  
continuous recorder was installed. At  each station temperature records from six vertical heights 
( +  100 cm, +20  cm, air-litter interface, litter-soil interface, - 5 cm and - 2 0  cm) were used to 
construct  monthly mean  temperature profiles. Subsequent analysis did not reveal any significant 
difference between the seven stations and thereafter (July 1971 to April 1973) results were obtained 
only from the Grant  cont inuous recorder. The results f rom this single station during the study 
period (October 1971 December 1972) can be assumed to be representative of the whole site. 

Rainfall data were kindly provided by the Geography Department ,  Oxford University. 

Results 

Numbers 

It  is generally accepted that nematodes are most abundant  in the 0 3 cm stratum 
of the soil; that this was so in the present case can be seen f rom Figure 1. 
The figure shows nematode densities per square metre per month in the litter, 
0-3 and 3-6 cm strata and also the percentage of the total nematodes recovered 
from each stratum. Litter accounted for 21.9% of the nematodes and the 0=3 
and 3-6 cm contained 46.2 and 31.9%, respectively. 

Statistical comparisons (t tests) for seasonal variations in abundance in each 
of the strata revealed very few significant (P < 0.05) changes between consecutive 
months. In the litter there were no significant decreases and the only significant 
increase occurred between 25 August and 18 September 1972. At 0-3 cm depth 
a significant decrease occurred between 1 November  and 30 November  1971 
and significant increases were demonstrated between 30 November  and 27 De- 
cember 1971 and 31 October and 5 December 1972. Below 3 cm there was a 
significant decrease from 1 November  to 30 November  1971 and a significant 
increase f rom 31 October to 5 December 1972. Despite the failure to demonstrate 
marked seasonal variation on a month  to month  basis it was shown that there 
were statistically significant lower nematode densities in all strata during Spring 
(March May) while the highest densities occurred during early Winter (De- 
cember). 

Figure 2 shows the total nematode densities per square metre per month 
and as would be expected reflects the same type of variation as revealed by 



144 J. Phillipson et al. 

NO N -2 
(XlO 6) 

2 ~  t I f I I 
1 I I / \ 1 - ~  , ~.-.~\,~\/t.__oo~ 

T ' 
0 i i i i r i i i I I I i I ~ I 

" 4  b 

2  X,/I .... 

"1 I I 

0 i 1 i i i i h i ~ i i i J L 

f , t - - t - t - t - - - F q  t I - - 4 '  
i i i i i t i i i 1 i i i ~ i 

NOM -2 
(XlO 6) 

.8 

"7 

.6 

.5 

-4-  

. 3 -  

- 2 -  

-1 

1 0 0  d l L i t t e r :  ! 

i i 
z , o t ~  ~ o-~ i 

, o[L,  O N D J F M A M J ' J  A S OLN~D 2 

Fig. la-d. Nematode numbers m 2 with 95% confidence limits, a Litter. b 0-3 era. e Below 3 cm. 
d Percentage distribution in the three strata 

Fig. 2. Total nematode numbers m-2 with 95% confidence limits 

0 O~ N~ Dj j ~F  ~M~A~M~j ~j ,A,S~O~N ~ D E 

analysis of  the data for the separate strata. A significant decrease in density 
occurred between 1 and 30 November 1971 and significant increases between 
25 August and 18 September and 31 October and 5 December. Note that the 
population density of 5 December 1972 was not significantly different from 
that estimated for 27 December 1971, this possibly indicates stability in absolute 
numbers from year to year. 

Figure 3 shows the monthly mean field temperatures at the air-litter interface, 
litter-soil interface and - 5  cm below the soil surface. Comparison of Figures 1 
and 3 make clear that the population density changes cannot be related in 
any direct manner to either temperature or rainfall. 

Biomass 

Figure 4 shows mean individual biomass per month in each of the three soil 
strata. In only 3 months were significant differences for the same sampling 
date demonstrated between the strata. Between litter and 3-6 cm on 27 De- 
cember 1971, on 27 June 1972 between 0-3 cm and 3-6 cm, and on 5 December 
1972 between litter and 0-3 cm and 0-3 cm and 3-6 cm. 
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e Below 3 cm 

Analysis for variation in mean individual biomass in any one stratum failed 
to demonstrate significant changes in consecutive months in the litter but re- 
vealed significant decreases between 27 June and 1 August and 25 August and 
18 September 1972 in the 0-3 cm stratum. Below 3 cm the only significant change 
in consecutive months was a decrease f rom 30 November  to 27 December 1971. 

F rom a seasonal viewpoint no change in mean individual biomass was appar- 
ent in the 3-6 cm layer. In the litter and 0-3 cm strata lower mean individual 
biomasses occurred in late Summer and Autumn (July-October  1972). 

Figure 5 shows the nematode biomass per square metre per month in each 
stratum. The values were obtained as products of  the appropriate  mean numbers 
per square metre and mean individual biomass. On a seasonal basis the stratal 
biomass data reflect the trend shown by individual biomass rather than that 
shown by the population density figures, namely low values in Summer and 
Autumn rather than Spring�9 Also shown in Figure 5 are the percentages of 
the total biomass contained in each stratum. Litter accounted for 26.14% of 
the nematodes and the 0-3 cm and 3~5 cm strata contained 56.57 and 17.29% 
respectively. 

Figure 6 shows the total nematode biomass per square metre per month,  
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Fig. 6. Total nematode live weight biomass m-2 

these values being obtained as the sums of the appropriate  stratal values. The 
lowest biomasses occurred in the late Summer and Autumn (July-October 1972) 
and the highest in Winter (December 1971 and 1972). 

Using the energy value of 2.152 cal m g - t  (~9.004 J mg-1)  for fresh nema- 
tode material given by Yeates (1972) the energy equivalent of  the mean biomass 
of  74. 6 mg live wt m -2 was calculated to be 160.539 c a l m  -2 (671.698 J m-2) .  

Respiratory Metabolism 

Nielsen (1949) made a detailed study of nematode respiration rates and felt 
it justifiable for ecological purposes to establish three species groupings with 
regard to oxygen consumption, namely 1500 _+ 200, 1200 + 200 and 800_+ 300 ml 
Oz kg-  1 h -  1 at 16 ~ C. In the present study species groupings were not at tempted 
and so a mean weight specific value of 1000 ml 02 kg -~ h-1  at 16~ re- 
commended by Nielsen (1967) was accepted as a possible conversion factor. 
However, as Yeates (1972) has indicated individual biomass estimates calculated 
according to the Nielsen (1949) method are 83% of those calculated by the 
Andrfissy (1956) method employed in this study. To conform with the Andrfissy 



Table 1. The data used to calculate oxygen consumption m- 2 mth- 1 

Month Litter 

(30.5 days) Field Wt. spec. resp. Biomass Monthly resp. 
temp ( m l O 2 g - l h  1) (g live wt m- 2) (mlO2m-2mth-1)  

Oct Nov 1971 9.30 0.39 0.014 3,997 
Nov-Dec 4.80 0.22 0.025 4,026 
Dec-Jan 4.80 0.22 0.058 9.340 
Jan-Feb 1972 2.45 0.16 0.019 2.225 
Feb-Mar 2.45 0.16 0.021 2,460 
Mar-Apr 5.75 0.25 0.020 3,660 
Apr-May 7.10 0.30 0.008 1.769 
May June 8.65 0.37 0.017 4.606 
June-July 9.35 0.41 0.016 4.802 
July-Aug 13.30 0.65 0.017 8.089 
Aug-Sept 12.95 0.63 0.012 5,534 
Sept-Oct 10.20 0.45 0.020 6.588 
Oct-Nov 8.75 0.38 0.013 3.616 
Nov-Dec 5.25 0.24 0.030 5,270 

97=7.51 Y=0.35 S,=a 0.247 S = a  57.096 
b 0.251 b 57.959 

Month 0-3 cm depth 

(30.5 days) Field Wt. spec. resp. Biomass Monthly resp. 
temp ( m l O 2 g - l h - 1 )  (g live wt m-  2) ( m l O z m - 2 m t h - 1 )  

Oct-Nov 1971 9.50 0.42 0,052 15.987 
Nov-Dec 5.40 0.24 0.028 4.919 
Dec-Jan 5.10 0.23 0.051 8.586 
Jan-Feb 1972 3.10 0.18 0,039 5,139 
Feb-Mar 2.70 0.17 0.069 8.586 
Mar-Apr 5.10 0.23 0.019 3.199 
Apr-May 6.55 0.28 0.070 14.347 
May-June 8.00 0.34 0.056 13.937 
June-July 8.80 0.38 0.060 16.690 
July Aug 12.25 0.57 0,029 12.100 
Aug-Sept 12.20 0.57 0.020 8.345 
Sept-Oct 10.00 0.44 0.021 6.764 
Oct Nov 8.65 0.37 0.025 6.764 
Nov-Dec 6.15 0.26 0.052 9.897 

g=7,393 2=0.33 Z = a  0.54t Z = a  118.599 
b 0.511 b 114.354 

Month 3-6 cm depth 
(30.5 days) 

Field Wt. spec. resp. Biomass Monthly resp. 
temp (ml 02 g l g - l )  (g live wt m -2) (ml 02 m -2 ruth -1) 

Total 
Monthly resp. 
(ml 02 m-z  mth-1) 

Oct-Nov 1971 9.50 0.42 0.022 6.764 26.748 
Nov-Dec 5.50 0.24 0.016 2.811 11,756 
Dec Jan 5.00 0.23 0.018 3.030 20.956 
Jan-Feb 1972 3.10 0.18 0.012 1.581 8.945 
Feb-Mar 2.60 0,17 0.012 1.493 12.539 
Mar-Apr 4.80 0.22 0.009 1.449 8.308 
Apr-May 6.20 0.27 0.010 1.976 18,092 
May-June 7.70 0.33 0.008 1,932 20.475 
June-July 8.50 0.37 0.011 2.979 24.471 
July Aug 11.80 0.54 0.016 6.324 26.513 
Aug-Sept 11.80 0.54 0.008 3.162 17,041 
Sept-Oct 9.80 0.43 0.013 4.092 17.444 
Oct-Nov 8.50 0.37 0.013 3.521 13.901 
Nov-Dec 5.60 0.25 0.012 2.196 17.363 

2=7.171 2=0.326 X = a  0.155 Z = a  37.593 X=a 213.288 
b 0,142 b 33.735 b 206.048 

a=  1st 12 months (Oct 1971 Sept 1972); b=2nd 12 months (Dec 1971-Nov 1972) 
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method of calculating biomass the 1000 ml 0 2 kg-  1 h -  1 at 16 ~ C was adjusted 
to 830 ml Oz kg-  1 h -  1 at 16 ~ C. 

The uniform respiration rate of 0.830 ml O2 g- 1 h-  1 at 16 ~ C was corrected 
for the mean temperatures prevailing in the different soil strata by a two stage 
process. First, the available temperature data for the air-litter interface, the 
litter-soil interface and - 5  cm depth were used to calculate the prevailing tem- 
peratures in the litter ((air-litter T ~ +litter-soil T~ 0-3 cm ((litter-soil T ~  

- 5 cm T~ and 3-6 cm ( - 5 cm T ~ strata. Second, t h e "  correction coefficients" 
calculated by Winberg (1971) from Krogh's (1914) "normal  curve"  (see also 
Bornebusch, 1930) and detailed in Duncan and Klekowski (1975) were used 
to determine the weight specific oxygen consumption at each of the estimated 
prevailing temperatures. The appropriate formula is Rxo=R16o" q16o/qx  o where 
Rxo and R16 o a r e  oxygen consumption per unit wt per unit time at the prevailing 
temperature and 16~ respectively and qx o and q16 o are the "correct ion coef- 
ficients" for these two temperatures. 

Table 1 shows the data used in calculating respiration per square metre per 
month (30.5 days). Note that over the spread of mean temperatures experienced 
during the study period (2.45-13.30 ~ C) the weight specific oxygen consumption 
ranged from 0.16~).65 ml g-1 h-  

Figure 7 shows the total monthly oxygen consumption of the nematodes 
per square metre. Comparison of this figure with Figures 3 and 6 indicates 
the combined influence of temperature and biomass on monthly uptake while 
the effect of rainfall or its absence appears negligible in this study. Energy 
expenditure by the nematode population was generally below average in all 
seasons bar late-Spring and Summer (April to August). 

Annual oxygen consumption was calculated to be 206.048 to 213.288 ml 
O2 m -  2 depending on whether the last or the first twelve months of the fourteen 
months of study were taken to represent a year. The energy equivalent of 
oxygen is 4.775 cal per ml 02 (Heilbrunn, 1947), which equals 19.979 J ml-  ~ 
O2, and thus the annual respiratory energy expenditure by the nematodes can 
be calculated to be 4116.633-4261.281 J m -2 (~983.879-1018.450 cal m-2).  
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Discussion 

Numbers 

Comparisons of the three graphs presented in Figure 1 do not provide any 
evidence of seasonal movement between the three strata. The study of vertical 
distribution of the nematodes showed that 21.9% of the total number was 
recovered from the litter, and 46.2 and 31.9% from the 0-3 and 3-6 cm strata, 
respectively. The only available data which are strictly comparable with the 
present findings are those obtained by Yeates (1972) for a beech forest in 
Denmark (Hestehave). Results from twelve monthly sampling occasions in Hes- 
tehave indicate that the litter contained 13.6% of the nematodes recovered 
while the 0-3 and 3-6 cm strata held 57.7 and 28.7%, respectively. Yeates 
(1972) also made a special study of nematode vertical distribution at Hestehave 
but sampled on only four occasions throughout one year. He showed that 
of the nematodes occurring in the litter and top 6 cm soil 8.7% were found 
in the litter, 59.7% in the 0-3 cm stratum and 31.6% in the 3-6 cm stratum. 
The high percentage of nematodes found in the Brogden's litter is surprising 
when one recognises that Yeates (1972) homogenised the Hestehave litter before 
extraction, thereby increasing the litter extraction efficiency by a factor of 4.8. 
Apart from the existence of a real difference in vertical distribution, two possible 
explanations of the discrepancy between the two sites can be proffered (i) the 
standing crop of litter in Brogden's was approximately ten times that present 
in Hestehave, (ii) the litter stratum taken from Brogden's included more H 
layer than did that taken from Hestehave. The first explanation is unlikely 
but the second is quite possible because of the difficulty of detecting with 
certainty the exact boundary between the F and H layers. This is of importance 
when it is realised that the upper 1 cm of soil can contain between 25 and 50% 
of the total nematode fauna (Nielsen, 1949, Fig. 5). 

Indirect evidence to support the second contention can be found in the 
comparisons, shown in Table 2, of the percentage of nematodes found in differ- 
ent soil strata in a variety of studies. When the litter and 0 3 cm stratal data 
are pooled for each of the two beech woodlands it is clear that together they 
contain approximately 70% of the nematodes occurring above 6 cm soil depth, 
a value which is in general accord with data from other studies where litter 
was not treated separately. It is thus probable that the boundary between the 
litter and 0-3 cm strata in the two beech studies was not distinguished in exactly 
the same manner. 

Table 2 shows also that the percentage of nematodes occurring above 6 cm 
soil depth lay between 81 and 97% (2=87%)  of the total number. 

Efforts to demonstrate seasonal variation in the Brogden's Belt nematode 
population revealed a general picture of low densities in Spring and high ones 
in early Winter. An almost identical pattern was found by Berge et al. (1973) 
in an ancient grassland habitat in northern France. Other studies have demon- 
strated different seasonal patterns, for example Banage (1966) working at a 
moorland Juncus site found that the lowest densities occurred in Summer and 
the highest in Autumn. The seasonal pattern at Hestehave (Yeates, 1972) is 
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Table 2. The percentage of total nematodes found in different soil strata 

J. Phillipson et al. 

Habitat Nematodes as % of total Nematodes Authority 
in the top 6 cm in top 6 cm 

as % of total 
% above 3 cm % at 3~ cm nematodes 

Oak forest 67 33 81 Arpin (1975b) 
Moorland heather 78 22 97 Banage (1966) 
Moorland grassland 69 31 73 ibid. 
Bog 67 33 96 Nielsen (1949) 
Plain 89 11 97 ibid. 
Beech forest 71 29 ? Yeates (1972) 

68 32 75 ibid. 
Beech wood 68 32 ? This study 

in complete contrast to that of Brogden's Belt for high densities were found 
in Spring and low ones in late Winter. The t testehave pattern was accounted 
for in terms of temperature and soil moisture effects but no simple explanations 
were found to account for pattern in the present study or in those by Berge 
et al. (1973) and Banage (1966). Arpin (1975a, b) studied seasonal variation 
in individual species populations but was unable to demonstrate correlations 
of the type found at Hestehave. He suggested that a multiplicity Of factors, 
both abiotic and biotic, interact to govern seasonal changes. Further studies 
are obviously needed before any definitive statements can be made about  the 
factors controlling seasonal patterns. 

Another aspect of  interest that requires closer investigation is the amplitude 
of fluctuations in nematode numbers in different habitats. In the present study 
density changed twofold over the period of investigation while Berge et al. 
(1973) demonstrated a threefold difference and Banage (1966) and Yeates (1972) 
found a fivefold change. 

Biomass 

Nielsen (1961) suggested that in nematodes (where there are several overlapping 
generations per year) there will be drift towards the demographers '  "stable 
age distr ibution" (Lotka, 1939; Leslie and Ranson,  1940) and that some stabil- 
isation of the mean body weight will take place. This was generally true in 
the present study (Fig. 4) although in the litter and 0-3 cm layers lower mean 
individual biomasses occurred in late Summer and Autumn. These lower mean 
body weights probably indicate a high recruitment of  individuals to the popula- 
tion during the period July-October  as this accords with an overall increase 
in numbers during and shortly after this time (Figs. 1 and 2). Because high 
recruitment probably occurred during the hottest and driest months it is not 
thought that drought affected the populations under study in the way that 
Nielsen (1961) suggested for the nematodes at his stations 1 and 4. 

Total  nematode biomass per unit area (Fig. 6) was low in late Summer 
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and Autumn and high in Winter thereby reflecting the trend shown by individual 
biomass values. Low Summer biomasses are in general agreement with a study 
of woodland nematodes by Huhta and Koskenniemi (1975) but contrast with 
the Hestehave site studied by Yeates (1972) where the influence of nematode 
density on total biomass was pronounced. However, in the Hestehave situation 
low mean individual biomass was not as closely correlated with periods of 
highest temperature as they were in the present study. 

Respiratory Metabolism 

Monthly respiratory metabolism values (Fig. 7) were clearly influenced by the 
prevailing soil temperatures. This is not surprising when one recalls that the 
application of seasonal temperature corrections to a standard rate of 0.83 ml 
g-1 h-1 at 16~ varies weight specific oxygen uptake between 0.16 ml g-1 
h -1 at 2.45~ C and 0.65 ml g-1 h-1 at 13.3 ~ C. Nielsen (1961) and Yeates 
(1972) applied temperature corrections of this type to their data. 

In the absence of contemporary microclimate data Nielsen (1961), on the 
basis of studies by Kristensen (1959), reasoned that during his study period 
16~ would represent the mean temperature slightly below the soil surface 
for a period of 100 days centred around 10 June. He further reasoned that 
in the absence of drought effects the total annual respiration of the nematodes 
could be calculated by multiplying the respiration per 100 days by a factor 
of 2.12. Thus, at Station 18, the total annual respiratory metabolism of 14 g 
live weight of nematodes per square metre was 71 1 02 (~0.579 ml g - i  h- l ) .  
But an annual oxygen uptake of 71 1 O2 m -2 is also equivalent to oxygen 
consumption at 16 ~ C over 212 days, i.e. 0.997 ml g- 1 h 1. From either Krogh's 
(1914) curve or Winberg's (1971) "correction coefficients" it can be calculated 
that a reduction from 0.997 to 0.579 ml 02 g-1 h-1 requires a temperature 
drop of approximately 5 ~ C, hence the annual mean temperature at Nielsen's 
station 18 should have approximated 11~ (16 -5  ~ C). For strict comparison 
of the weight specific oxygen uptake in Nielsen's (1961) and the present study 
it is necessary to correct uptake in both studies to a standard temperature 
and at the same time allow for the different methods of estimating biomass. 
At 16~ the respective weight specific uptakes were taken to be 0.997 and 
0.830 ml O2 g- ~ h-  ~, correcting for the methods of biomass estimation these 
values become very similar at 0.828 and 0.830 ml 02 g- 1 h-  ~ thus justifying 
in part the use of the general conversion factor of 0.830 ml 02 g- ~ h-  ~ re- 
commended by Yeates (1972) who followed Nielsen's (1967) generalisation of 
1.0 ml Oz g- 1 h-  1. However, the mean individual biomass in Nielsen's (1949, 
1961) study was 1.4 gg compared with 0.2 ~tg in the present one; this difference 
could, following Nielsen (1949, pp. 68-69), give rise at the same temperature 
to a weight specific oxygen consumption at mean individual biomasses of 
0.2-0.25 ~tg some 1.33 times greater than at a mean individual biomass of 1.4 ~g. 
It is probable therefore that a conversion factor of 1.1 ml O 2 g-1 h -1  at 
16~ and not 0.830ml 02 g-1 h-1 at 16~ should have been applied t o  
both the present and Yeates (1972) data (mean individual biomasses of 0.2 gg 
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Table 3. A summary  of nematode numbers ,  biomass and respiratory metabolism in three different 
studies 

Nielsen (1961) Yeates (1972) Present 
Station 18 Recalculated study 

1. Annual  mean number  per m 2 ( x 103) 10 x 103 1.09 x 103 0.37 x 103 

2. Mean individual biomass (gg) 1.4 0.26 0.20 

3. Annual  mean biomass (g m-2 )  14 0.28 0.08 

4. Annual  mean temperature (~ ~ 11.0 a 6.9 7.4 

5. Uncorrected annual  respiration at 71.00 1.62 b 0.80 0.21 
prevailing temperature (10z  m -  2 a -  1) 

6. Weight specific respiration at 0.579 0.660 c 0.326 0.299 
prevailing temperature (ml 02 g-  1 h -  1) 

7a. Weight specific respiration corrected 0.972 1.837 0.907 0.790 
to 16 ~ C from values given in 
4 a n d 6  ( m l O  2 g - l h - 1 )  

7b. Weight specific respiration 0.997 a 1.82& 0.830 ~ 0.830 e 
to 16 ~ C from values given in 
4 and 6 (ml O z g -  1 h~d) 

8. Weight specific respiration at 16 ~ C 0.997 2.429 ~ 1.100 1.100 
when corrected for differences 
between mean individual biomass 
(ml O 2 g- 1 h -  1) 

9. Fully corrected weight specific 0.579 0.872 c 0.395 0.422 
respiration at prevailing temperature 
(ml 02 g- 1 h -  1) 

10. Fully corrected annual  respiration 71.00 2.13 ~ 0.98 0.30 
at prevailing temperature 
( 1 0 2 m  2 a - 1 )  

" Estimated 
b Annual  respiration value from Yeates (1972) 
c Calculated using Yeates (1972) value of 1.62 1 0 2 m -  2 a -  1 
a Calculated from Nielsen's (1961) use of oxygen uptake for 212 days at 16~ to represent 
annual  respiration 

Assumed 

and 0.26 gg, respectively). This correction has been included in the general 
summary shown in Table 3. 

Yeates (1972) reports weight specific oxygen consumption over the mean 
range of temperatures experienced ( - 0 . 6  to 15 ~ C) to be 0.541-0.799 ml 02 
g -  1 h -  1. Such values are difficult to reconcile with his reported use of  Krogh ' s  
(1914) curve and a weight specific oxygen uptake of 0.830 ml 02 g-X h -  t 
at 16 ~ C, the latter value when corrected by the curve reduced to 0.756 ml 
at 15 ~ C and almost 0.10 ml at 0 ~ C. Having noted this anomaly the temperature 
data of Yeates (1972), in his Table 4, were used in applying temperature correc- 
tions to the general conversion factor of  0.830 ml O2 g -  ~ h -  1 at 16 ~ C. The 
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corrected values were used in conjunction with the biomass data (Yeates' Ta- 
ble 5) to recalculate monthly oxygen consumption and gave rise to an annual 
oxygen uptake estimate of 804.31 ml 02 m -2 which is 49.54% of the value 
of 1623.4 ml 02 m -2 given in Yeates (1972). 

The 804.31 ml 02 m -1 a -1 and a mean biomass of 0.282 g m -2 at Yeates 
(1972) study site is equivalent to a weight specific respiratory rate of 0.326 ml 
02 g-1 h-1  at 6.93 ~ C. This value is much closer to the theoretically expected 
value of 0 . 3 0 0 m 1 0 2 g  l h  ~ a t 7  ~  h-1  at 6.93 ~ C 
calculated from the published account. It has been assumed that some error 
arose in Yeates' (1972) calculations of respiratory metabolism and that his 
annual values for this parameter should be reduced to approximately one half 
of the published figures. 

Table 3 summarises the data for Nielsen's (1961) station 18, those of Yeates 
(1972) as published and as corrected in this paper, and also those from the 
present study. The "fully corrected" annual respiration values were 71 1 m -2 
(Nielsen, 1961), 2.13 and 0.98 1 m 2 (Yeates, 1972) and 0.3 1 m -2 (this study), 
but it should be noted that these values apply only to those nematodes above 
6 cm depth which, on average, comprise only 87% of the total. 

The oxygen uptake per animal in Nielsen's study (0.007 ml indiv-1 h-1) 
was six to nine times greater than the recalculated values for Yeates (1972) 
nematodes (0.0011 ml indiv-1 h-1)  and those of this study (0.0008 ml indiv -1 
h-1).  These differences are easily accounted for by the knowledge that after 
correction to the Andr/tssy (1956) method of weight calculation Nielsen's (1961) 
individuals were seven to nine times heavier on average than those of the 
Hestehave and Brogden's study areas. Clearly, taking the product of Nielsen's 
rates of oxygen consumption per individual and population density (where the 
mean individual biomass is unknown) could lead to an error of magnitude 
in estimating nematode population respiration. 

Conversion of the "uncor rec ted"  annual oxygen consumption of the 
Brogden's nematodes (Table 3, item 5) to energy equivalents indicated that the 
annual respiratory energy expenditure was between 4116.633 and 4261.281 J 
m-2.  Using the "fully corrected" values for annual respiration (Table 3, item 
10) the estimated energy expenditure of a biomass of 0.08 g m -2 (~671.698 J 
m -2) approximates 5993.7 J m -2 a-1 ( ~  1432.5 c a l m  -2 a-1). It should again 
be recalled that this probably represents 87% of the total energy expenditure 
by the nematode fauna. 

Production by nematodes is obviously difficult to measure but knowing 
the energy equivalents of the respiratory costs of the extracted Brogden's nema- 
todes to be 5993.7J m -2 a -1 it is possible to estimate production by the 
regression equation for short lived poikilotherms given in McNeill and Lawton 
(1970). The equation is logP=0.08262 logR-0.0948, where P is production and 
R is respiration, and gives rise to an estimate of extracted nematode production 
of 3464.8 J m 2 a 1 (~828.1 c a l m  2 a - l ) .  Accepting this value the produc- 
tion/biomass (P/B) ratio equals 5.16 and the net population production efficiency 
(P/A x 100) becomes 36.63%. 

Phillipson et al. (1975) found the annual carbon dioxide evolution from 
the Brogden's Belt site to be 239.481 1 CO2 m -2 a -1. Assuming an RQ of 
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0.9 for the " so i l "  respiration, oxygen consumption by the " so i l "  would be 
263.4291 02 m -z  a -1 ( ~ 5 2 6 3 k J  m -2 a - l ) .  The Brogden's nematodes in 
1971-1972 were thus responsible for 0.11% (0.13% when corrected for the 
total nematode fauna by • 100/87). These estimates are lower than Bunt's (1954) 
estimate of 0.9% (range 0.5-1.2%) for Macquarie Island soils and lower than 
the 0.6-0.7% calculated by Banage (1963) for moorland nematodes. They are 
similar to the 0.008 to 0.21% at Signy Island (Spaull, 1973). On the current evidence 
nematode contribution to total soil repiration is relatively small. 
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