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Summary. The horizontal spatial distributions of marine nematodes at species, genera and family level in an 

intertidal estuarine environment have been investigated using Taylor's power law index of aggregation k 
Different transformations were investigated for their ability to normalise the distributions. Nine of the 15 
nematode species; six of the eight genera and five of thesix families investigated 1 had valuesnotsignificantly 
different from 2.0. For these a logarithmic transformation would stabilise the variance of the distributions 
prior to further statistical analysis. The remaining species, genera and families had b values which were 
significantly less than 2.0. For these a variance-stabilising transformation is given by z- ~ l - ' ' ~ .  Some of the 
detailed information yielded at species and genera level was lost after re-analysing the data at family level. 
Key words: aggregation, estuarine, marine nematodes, patihiness, spatial distribution, Taylor's power law. 

The horizontal distribution of meiofauna, which 

include marine nematodes as the most abundant 

taxon, has been shown to be highly variable and 

aggregated (Coull & Bell, 1979; Heip et al., 1985). 

Warwick (1988) and Herman & Heip (1988) 
concluded that meiofauna could be analysed at higher 

taxonomic levels rather than at species level whilst 

retaining much of the information. The few studies on 

the spatial distribution of marine nematodes mostly 

describe aggregation at the taxa level (Vitiello, 1968; 

Gray & Rieger, 1971; Arlt, 1973; Olsson & Eriksson, 

1974; Findlay, 1981, 19821, with only Gerlach (1977) 

and Hogue (1982) describing the aggregation of 

species. They found that nematodes were strongly 

aggregated on a small spatial scale often around 
decaying food sources. 

Vitiello (1968) and Gerlach (1 977) found that the 

negative binomial distribution described the marine 

nematode population in their studies. However the 

negative binomial distribution has severe ecological 

limitations (Taylor, 1984; Noe & campbell, 1985) 

and Taylor et al. (1979) demonstrated that over a 

wide range of densities, typical of those found with 

marine nematodes, the negative binomial aggregation 

parameter k could vary with density in a complex way. 

They concluded that k was "an unstable parameter 

whose relationship with aggregation is doubtful" and 

preferred to use Taylor's variance-mean model 

(Taylor, 1961) which expresses the variance, V, as a 

power of the mean,p , of the distribution: 

where/? is the index of aggregation and is thought to 

be constant for individual species (Taylor, 1961) and 
a is the "sampling coefficient" (Boag et al., 1987). 

Taylor's power law (1 ) does not describe a probability 

distribution but a relationship between parameters of 

the distribution. Several theoretical distributions 

satisfy Taylor's power law (Kemp, 1987). If x denotes 
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an observation whose probability distribution 

satisfies Taylor's power law then the variance is 

stabilised by the transformation: 

(Taylor, 1970; Finch et al., 1975). 

Taylor's power law has been used to describe the 

distribution of terrestrial plant-parasitic nematodes 

(Boag & Topham, 1985; Ferris, 1985; McSorley et al., 
1985; Boag et al., 1987), terrestrial cyst nematodes 

(Perry, 1983) and gastro-intestinal nematodes of 
sheep (Boag et al., 1989; Boag et al., 1992) but not 

marine nematodes. 

The purpose of the present paper is (a) to 

describe the variance-mean relationship of various 

marine nematode species along a horizontal transect 

using Taylor's power law, over the rangeof population 
sizes which are typically met during ecological 

studies; (b) to suggest the optimum transformation for 

stabilising the variance in the data for future statistical 

analysis; and (c) to determine whether there is any 

loss of information when the data is re-analysed at 

higher taxonomic levels. 

M A T E R I A L S  A N D  M E T H O D S  

Samples were taken from around a short-fall 

sewageoutlet in Invergowrie Bay (Latitude 56" 27' N, 
Longitude 3" 03' W), an intertidal area of the Tay 

Estuary, Scotland (Fig. 1). A total of 60 sediment 

samples were taken on 16 July 1989 from two transects 

radiating out in a North West and a South East 

direction from the mouth of the sewage outlet. Along 

each transect three replicate samples were collected at 

each of 10 sampling stations located at 25 m intervals 

to 175 m and at 225, 275 and 325 m respectively from 
the sewage outfall. 

Sediment samples consisted of cores taken by a 

corer of 5 cm internal diameter (Boag & Brown, 1985) 

to a depth of 5 cm. The corer has a tapered rim to 

minimise boundary compression of the sample when 

inserted gently into the sediment. Samples were im- 

mediately placed in thick gauge polythene bags, to 

lnvergowrie Bay .\., 

Fig. 1 .  Schematic map showing location of study area. 

which 4% formalin was added. On return to the 

laboratory, the samples were transferred to glass jars 

and more 4 % formalin was added. 

Nematodes were extracted using a flotation 

technique, a modification of the method described by 

Warwick et al. (1 990). Samples were placed in one litre 
measuring cylinders, the volume made up to one litre 

with tap water which had previously been filtered to 

remove potential contamination by fresh water 

meiofauna. The cylinders were stoppered and shaken 

in order to homogenise the sample. Immediately, two 

10 ml aliquots were removed using a wide-mouthed 

pipette and placed into a 100 ml glass beaker. The 

volume was made up to 50 ml with the addition of 30 
ml of Ludox colloidal silica diluted to a final specific 

gravity of 1.15 and a few drops of Rose Bengal stain, 
stirred and left for 60 minutes to allow the sediment 

to settle. The supernatant was decanted on to a 53pm 

sieve and the extraction repeated. Any nematodes 

collected on the sieve were washed off using filtered 

tap water into a glass collecting tube. Nematodes were 

counted under a low ppwer binocular microscope and 

approximately the first 200 nematodes encountered 

were hand-picked and placed into a solution of 1.5% 

glycerol in distilled water and transferred to 100% 

glycerol as described by Hooper (1986), before 

mounting on glass slides for identification. Where 

possible, identification was to species level using the 

pictorial keys of Platt & Warwick (1983, 1988, 1993). 

Where specimens were juveniles, they were identified 

to genus and divided proportionally between the 
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identified species within that genus. 

Taylor's power law was used to model 
aggregation for species, genera and families. It 

postulates a relationship between the mean,pi and the 

variance, Vi, of counts of a species or genus or family 

on occasion i: 

wherep is the index of aggregation. Taylor proposed 

thatpcould be estimated by the regression coefficient 

of log (variance) on log (mean), i.e.P is estimated by 

b where: 

2 and where mi and si are the sample mean and sample 

variance respectively. Model (4) differs from the 
normal regression model, since log (mi), the inde- 
pendent variable, is subject to error with the 

consequence that the usual least squares estimator, b, 

may be an underestimate ofp. However, Peny (198 1) 

has discussed a simple method for obtaining an upper 

bound b' for p and discussed other assumptions 

underlying the estimation of p by b, proposing 

graphical checks to detect severe violations of these 

assumptions. 

A preliminary examination of the data from each 
site showed that the second sample consistently had 

nematode counts at least twice as high as the other two 

samples; this was thought to be due to two different 

consignments of Ludox HS30 used to extract the 

nematodes. Hence the second sample was excluded 

for the analysis and the data from two adjacent sites 

were combined to give four replicates from which the 

mean and variance were calculated (unless all four 
counts were zero). This will have the effect of slightly 

underestimating the variance between sites and 

overestimating the variance at a single site, but is 

preferable toestimating meansand variances from the 

two remaining replicates at a single site. P was 

estimated for each taxonomic category according to 

the regression equation (4) of log (variance + 1) on log 

(mean + I )  and the validity of the assumptions was 

examined. 

Different transformations of the data for each 

species, genus or family were investigated for their 

ability to normalise the distribution. A plot of the 

transformed data against the normal order statistics 

is a straight line with a very high correlation 

coefficient if the data is normally distributed. This is 

known as the probability plot correlation test 
(Filliben, 1975). For the sample sizes used here the 

hypothesis of normality is rejected if the correlation 

test statistic is less than 0.972, however, simulations 

suggest that the critical level of the test should be 

increased from 0.972 to 0.975. 

The statistical program Genstat 5 Release 1.2 

(Payne et al., 1987) was used for all calculations. 

R E S U L T S  

Thesediment from the study site isa muddy sand 
with mean particle diameter in the range 134pm to 

175,um. 

The range of b values for the 15 most common 

marine nematode species in this study are presented 

in Table I .  Figure 2 graphically illustrates three 

species with differing degrees of aggregation. Also in 

the table are the values of the upper bound, b', on the 

true value of the index, calculated according to Perry 
(198 1) and values for a, the "sampling coefficient" 

(Boag et al., 1987). Anoplosioma viviparum, 

Calomicrolairnus honestus, Chrornadorita tentabun- 

da, Desmolairnus zeelandials, hptolairnus papilliger 

and Paracunthonchus caccus were strongly 

aggregated with b values in the range 1.90 to 2.25, 

whereas other nematode species were less aggregated 

with b values of less than 1.60. Dcrytonerna sp. A had 

a random (Poisson) distribution with a bvalue of 0.98. 

Table 2 indicates that at the generic level 

Anoplostorna, Leptolaimus, Desmolaimus and 

Chromadorita have b values between 1.83 and 2.06. 

However, the b value for Dapionerna was 1.1 1 

suggestinga random distribution. The bvalueforeach 

species was not significantly different from the b value 

for their correspondinggenus. Table 2 also shows that 

all families with the exception of Xyalidae have an 
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aggregated distribution with values forb between 1.65 
and 3.00. 

When the upper bound, b', is only slightly higher 
than b then b is a satisfactory estimate ofa. However, 
the species Desmolaimus zeelandicus and 
Leptolaimus papilliger, genera Daptonema and 
Dichromadora and families Xyalidae and 
Linhomoeidae have b' values considerably larger than 
b. This may be due to their having few samples with 
small means and small variances and the remaining 
samples having larger means, and a wide range of 
variances. The sampling coefficient a for the 
nematodes varied considerably but was generally 
positive when the. b value was low and negative when 
the b value was high. 

0 2 4 6 8 
Lop mean 

Fig. 2. Plots of log (variance) against log (mean) and fitted 
regression lines For Anoplostoma viviparum (closed circles and 
short dashed line); C h r o d o r i n a  sp. A (closed squares and solid 
line) and Daptonema sp. A (closed triangles and long dashed line). 

Different transformations of the data were 

compared using the probability plot correlation test 
(Filliben, 1975) on the residuals after an analysis of 
variance of the transformed data for station effects. 
The correlation test statistics are presented in Tables 
3 and 4. For 14 of the 15 species the data was 
approximately normally distributed after a square 
root transformation. For the cube root transformation 
and the transformation suggested by Taylor's power 
law 12 out of 15 species were approximately normally 
distributed. The hypothesis of normality of the 
untransformed data and the logarithmically 

transformed data was rejected for 10 and 11 species 
respectively. The transformations were ranked 
according to the correlation test statistics for each 
species and a mean rank calculated: this suggested 

Fig. 3. Mean abundances of the four most prevalent species 
within the family Xyalidae ( A - Daptonema tenuispiculum; 
e- Daptonema sp. A; 0 - Daptonema procerum; rn - Daptonema 

setosum) . 

that the best overall transformation was the cube root, 
followed by the transformation from Taylor's power 
law. However, the transformation derived from 
Taylor's power law was rejected for Calomicrolaimus 
honestus and Chromadorita tentabunda. This was 
probably due to the fact that for these two species 
there were no significant differences between the 
stations but a large variation within the stations. If the 
rank scores for these two species were omitted then the 
best overall transformation would be that suggested 
from Taylor's power law which agrees with the result' 
for genera and families (Table 4). At the genus and 
family level, all transformations except the 
logarithmic and untransformed data normalised the 
data adequately. The transformation derived from 
Taylor's powerlaw was frequently the best for both 
genera and families. 

D I S C U S S I O N  

Taylor's power law has been successfully applied 
to a range of organisms including annelids, molluscs, 
insects, fish, birds, foxes and men (Taylor et al., 
1978; Taylor et al., 1980; Rhodes & Morse, 1989) 
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Table 1. Estimates of Taylor's power law index of aggregation / for various marine nematode species. 

*b' is the upper bound on the true value of the index of aggregation (Perry, 1981). 

Table 2. Estimates of Taylor's power law index of aggregation fi  for different marine nematode genera and families. 

Species 

Anoplostoma viviparum 
Calomicrolairnus honestus 
Chromadorim sp. A 
Chromadorita tentaburda 
Daptonema procerum 
D. setosum 
D. tenuispiculum 
Daptonema sp. A 
Desmolaimus zeelandicus 
~ichromad*ra cephalata 
D. geophila 
Leptolaimus papilliger 
Paracanthonchus caecus 
Paracantonchus sp. A 
Ptycholaimellus ponticus 

* 
b'is the upper bound on the true value of the index of aggregation (Perry, 1981 ). 

59 

Standard 

error 

0.45 
0.42 
0.23 
0.40 

0.30 
0.26 
0.15 
0.27 

0.61 

0.32 

0.25 
0.53 
0.42 
0.19 
0.18 

Genus 
Anoplostoma 
Chromadorina 
Chromadorita 
Daptonema 
Desmolaimus 
Dichromadora 
Leptofainlus 
Paracanthonchus 

Family 

Anoplostomatidae 
Chromadoridae 
Cyatholaimidae 
Leptolaimidae 
Linchomoeidae 
Xyalidae 

L 

No.of site 

at  which 

species were 

present 

39 
25 
33 
37 
22 
2 1 

25 

34 
39 

35 

34 
39 
36 
23 
24 

a 

-2.02 
-0.57 
1.30 

-1.65 
1.61 
2.18 
1.99 
2.79 
-1.21 

0.91 

0.89 
-1.56 
-0.56 
1.71 
2.19 

b 

2.06 
2.09 
1.36 
2.25 
1.49 

1.39 
1.28 

0.98 
1.91 

1.57 

1.55 
1.90 
1.95 
1.45 
1.28 

No. of sites 
at  which 

species were 
present 

39 
33 

39 

39 

39 

39 
39 
38 

39 
39 
38 
39 

39 

39 

Standard 

error 

2.50 
1.25 
0.83 
1.82 
1.08 
1.02 
0.56 
1.10 

3.73 
1.32 

0.85 
3.22 
1.90 
0.64 
0.73 

b 

2.06 
1.36 
1.83 

1.11 

1.91 

1.64 
2.01 
1.65 

2.06 

3.00 
1.65 
1.94 
1.93 

0.86 

b'* 

2.85 
2.60 
1.66 
2.82 
1.85 

1.64 
1.38 
1.57 

3.47 

2.10 

1.87 
3.06 
2.49 
1.63 
1.46 

Standard 
error 

0.45 

0.23 

0.36 

0.53 

0.61 
0.72 
0.49 
0.32 

0.45 
0.52 
0.32 

0.48 
0.60 

0.72 

a 

-2.02 

1.30 

-0.20 
2.21 

-1.21 

0.27 
-2.23 
0.45 

-2.02 

-8.35 
0.45 

-1.73 

-1.37 

3.88 

Standard 
error 

2.50 
0.83 
1.74 

2.89 

3.73 

3.74 
3.04 
1.52 

2.50 
3.18 
1.52 

2.96 
3.70 
4.10 

b'* 

2.85 

1.66 
2.40 

3.13 

3.47 

4.15 
2.98 
2.16 

2.85 

3.72 
2.16 

2.89 
3.44 

5.65 

No.of 
contributing 

species 

I 
1 
4 

9 
I 

4 

2 
3 

1 

14 
3 

3 
3 

15 
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Table 3. Correlation test statistics for a range of transformations of the most prevalent nematode species. (95% significance level - 0.972, 
Filliben. 1975). 

* 
Rank calculated by awarding a score of one for optimum transformation, two for next best transformation etc and summig across species. 

Figures in parentheses indicate the number of acceptances or rejections using the 95% significance level of 0.975 derived from simulated 
data. 

suggesting that it is robust and can describe distribution, there appeared to be either possible 

aggregation over a wide range of population densities interspecific competition within the family Xyalidae 

and conditions. for the available food resources and or the observed 

Taylor (1971) suggested that the degree of pattern could result from the species having different 

aggregation could be a characteristic of a particular micro-habitat preferences. Figure 3 ' shows the 

species since it resulted from the unique interactions abundances of the four more prevalent species within 

between that species and its environment. Several Xyalidae, indicating that Daptonema setosum rarely 

6 value 

2.06 
2.09 
1.36 
2.25 
1.49 
1.39 
1.28 

0.98 
1.91 

1.57 

1.55 
1.90 
1.95 
1.45 
1.28 

Species 

Anoplostoma viviparunl 
Calomicrolaimus honestus 
Chromadorina sp. A 
Chromadorita tentabunda 
Daptoneina procerum 
D. setosum 
D. tenuispiculum 
Daptonema sp. A 

Desmolaimus zeelandicus 
Dichromadora cephhlata 
D. geophila 
Leptolaimus papilliger 
Paracanthonchus caecus 
Paracanthonchus sp. A 

Ptycholaimellus ponticus 

No. of acceptances 

No. of rejections 
No. of optimum transformations 
Rank* (1 -best overal trans- 

formation, 6 - poorest overal 

transformation) 

environmental processes have been suggested as 

being capable of generating aggregations of 

meiobenthos, including attraction to food (Gerlach, 
1977; Lee et al. 1977; Olafsson, 1992); association 

with biogenic sediment structures (Bell et al., 1978; 

Findlay, 198 1 ) ; sediment microtopography (Hogue & 

Miller, 198 1 ) and intraspecific competition (Heip, 

1975). Although it is not within thescopeof this study 

co-exists with either D. tenuispiculum or D. procerum, 

however, D. tenuispiculum and D. procerum seem to 

co-exist with each other. Interspecific faunal affinities 
will be dealt with more thoroughly in a future publica- 

tion. 

The results confirm that some species have 

different degrees of aggregation e.g. A. viviparum is 

highly aggregated whereas Chromadorina sp. A is 

to determine the reasons for marine nematode spatial significantly less aggregated and Daptonema sp. A 

Untrans- 

formed 

0.964 
0.915 
0.978 
0.993 
0.940 
0.955 
0.97 1 
0.962 

0.966 

0.985 

0.984 
0.992 
0.938 
0.969 
0.908 

5 

10 
- 

5 

3v 
(equivalent 

b value - 1.33) 

0.986 
0.956 
0.991 
0.998 
0.976 
0.960 
0.976 
0.968 

0.989 

0.992 

0.992 
0.988 
0.987 
0.990 
0.981 

12 

3 
7 
I 

v 
(equivalent 

b value - 1 )  

0.980 
0.973 
0.988 
0.997 
0.975 
0.966 
0.982 
0.988 

0.983 

0.988 

0.984 
0.988 
0.978 
0.991 
0.980 

14(13) 

l(2) 
4 

3 

vv 
(equivalent 

b value - 1.5) 

0.986 
0.933 
0.973 
0.998 

.0.971 
0.942 
0.960 
0.925 

0.991 

0.988 

0.982 
0.989 
0.990 
0.989 
0.952 

9(8) 

6(7) 
1 
4 

log ( A l )  
(equivalent 

b value - 2) 

0.984 
0.875 
0.883 
0.888 
0.939 
0.876 
0.903 
0.793 
0.995 

0.916 

0.893 
0.993 
0.991 
0.951 
0.827 

4 
1 1  

2 

6 

Taylor 

0.985 
0.863 
0.991 
0.802 
0.974 
0.959 
0.977 
0.988 

0.995 

0.990 

0.987 
0.992 
0.992 
0.992 
0.980 

12(11) 

3(4) 
5 
2 
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Table 4. Correlation test statistics for a range of transformations of the most prevalent nematode genera and families 
(95% significance level - 0.972, Filliben, 1975). 

* 
Rank calculated by awarding a score of one for optimum transformation, two for next best transformation etc and summig acrossspecies. 

Figures in parentheses after family names indicate which genus belongs to that family. 
Figures in parentheses indicate the number of acceptances or rejections using the 95% significance level of 0.975 derived from simulated 

data. 

has a random distribution. This study has also shown 

that similarity exists between species within the same 

genus e.g. Dichromadora cephalata and D. geophila 
have b values of 1.57 and 1.55 respectively. Similarly 

species within the genus Daptonema, namely D. 

procerum, D. setosum, D. tenuispiculum and 

Daptonema sp. A have b values of 1.49, 1.39, 1.28 and 

0.98 respectively which are not significantly different. 

~ s t i m a t i n ~ p a t  the generic level would appear to 

retain most of the information yielded at the species 

level. However, that detailed information is lost when 

analysing families with a large number of species e.g. 
Chromadoridae whose horizontal spatial distribution 

is deemed to be mori highly aggregated. This has 

implications for future studies on horizontal spatial 

distribution of marine nematodes as a decision on 

which taxonomic level to study must be carefully 

considered. 

Field et al. (1982) and Clarke & Green (1988) 

suggested that either the logarithmic or the double 

square root transformation should be used to stabilise 

variance in sets of marine benthic data prior to 

3v 
(equivalent 

b value - 1.33) 

0.986 
0.991 
0.992 
0.995 
0.989 
0.990 
0.989 
0.986 

8 

2 
2 

0.986 
0.985 
0.986 
0.994 
0.988 
0.997 

6 

2 
2 

v 
(equivalent 
b value - 1) 

0.980 
0.988 
0.990 
0.996 
0.983 
0.991 
0.991 
0.989 

8 

2 
3 

0.980 
0.986 
0.989 
0.993 
0.988 
0.997 

6 

2 
3 

Species 

Genus 
1. Amplostoma 
2. Chromadorina 
3. C h r o d o r i t a  
4. Daptonema 
5. Desmolaimus 
6. Dichrornadora 
7. Leptolaimus 
8. Paracanthonchus 

No. of acceptances 
No. of rejections 
No. of optimum transformation 
Rank ( I  -best overall trans- 
formation. 6 - poorest overall 
transformat 

Family 
Anoplostomatidae (I ) 
Chromadoridae (2, 3, 6) 
Cyatholaimidae (8) 
Leptolaimidae (7) 
Linhomoeidae (5) 
Xyalidae (4) 

No. of acceptances 
No. of rejections 
No. of optimum transformation 
Rank (1 -best overall trans- 
formation, 6 - poorest overall 
transformation) 

Untransformed 

0.964 
0.978 
0.971 
0.992 
0.966 
0.996 
0.995 
0.981 

5 
3 
2 
6 

0.964 
0.989 
0.981 
0.993 
0.995 
0.994 

5 
1 
1 
5 

vv 
(equivalent 

b value - 1.5) 

0.986 
0.973 
0.993 
0.994 
0.991 
0.988 
0.989 
0.985 

8(7) 
- ( I )  

1 
4 

0.986 
0.985 
0.985 
0.995 
0.987 
0.995 

6 

1 
4 

log (x+l) 
(equivalent 
b value - 2) 

0.984 
0.883 
0.996 
0.987 
0.995 
0.987 
0.993 
0.980 

7 
1 
2 
5 

0.984 
0.987 
0.980 
0.996 
0.986 
0.988 

6 

1 
6 

Taylor 

0.985 
0.991 
0.996 
0.996 
0.995 
0.987 
0.993 
0.983 

8 

4 
1 

0.985 
0.994 
0.983 
0.996 
0.987 
0.997 

6 

3 
1 

bvalue 

2.06 
1.36 
1.83 
1.1 1 
1.91 
1.64 
2.01 
1.65 

2.06 
3.00 
1.65 
1.94 
1.93 
0.86 
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statistical analysis. These transformations were used 

on the complete data set, ignoring the possibility of 

different distributions among species. For nine out of 

the 15 most prevalent nematode species in our present 

study, the b value did not differ significantly from 2.0. 
This value of b corresponds to a logarithmic 
transformation. However, six of the species 

investigated had b values significantly less than 2.0 
e.g. Daptonema tenuispiculum with b=  1.28. The data 

may be transformed using equation (2) allowing 

further analysis such as analysis of variance, 

regression or community structure analysis to be 

carried out on the transformed scale. From the results 

of this study it appears that the double square root and 

the logarithmic transformations are inappropriate for 

transforming our complete data set, ranking only 

fourth and sixth respectively, whereas, an overall 

cube root transformation would be an acceptable 

compromise. However, we suggest transforming the 

most prevalent species on an individual basis and then 

transforming the less prevalent species as one using 

Taylor's power law. 

It would be interesting to determine whether the 

same values as would be obtained in a different 
environment as suggested by Taylor (1 97 1). 
Unfortunately, to our knowledge there is a general 

lack of appropriate published data sets on marine 

nematodes with a sufficient number of samples to 

allow this hypothesis to be tested from other marine 

biotopes e.g. a sandy, sublittoral environment or 

similar biotopes from different geographic regions. 
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