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ABSTRACT: The macrofaunal composition of 240 samples from the continental shelf of Crete, Greece, 
taken at 4 different depths and in 6 different months of the year, were used in order to test the perfor- 
mance of neutral model analysis in comparison to more traditionally used diversity indices. It was found 
that neutral model analysis produces less repeatable results in comparison to most of the diversity 
indices. The deviation statistic V was found to be negative in most of the samples (88%) and signifi- 
cantly negative in 34 D/o of these. However no other indication of disturbance was found at the commu- 
nity level as far as the species composition was concerned. The negative deviation from neutrality was 
found to be stronger in the samples taken from 100 m depth, negligible in the 70 m depth samples, and 
intermediate in the deeper ones (130 and 170 m depth) Sampling season was not consistently related 
to the deviation from neutrality. Sample size was found to affect significantly all the diversity indices, 
but only in the case of the V statistic were the average values of the 24 data sets not correlated to the 
pooled sample values. 
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INTRODUCTION 

Neutral model analysis of community structure, 
introduced by Caswell (1976), has been discussed in 
several papers dealing with theoretical aspects of 
community structure (Hughes 1986, Loehle 1987, Cale 
et al. 1989, Turner 1989, Tokeshi 1993) and modelling 
of ecological processes (Turner et al. 1989, Clarke 
1990, Capone & K.ushlan 1991, Cornell & Lawton 
1992, Armbruster e t  al. 1994). Both the method intro- 
duced and the findings in Caswell's paper (1976) are 
important since they seem to be able to provide evi- 
dence of strategic importance that could decide the 
outcome of the battle between the organismic and 
individualistic schools which has been going on since 
the early decades of this century (McIntosh 1995). 
However the application of this method to real com- 
munity data has been relatively limited and princi- 
pally concerns benthic marine ecology (Goldman & 
Lambshead 1989). 

One of the important conclusions of studies in which 
this model has been used is that the action of biological 
accommodation does not necessarily increase diver- 
sity, as has been considered in several other cases, but 
also decreases it (Caswell 1976, Rainer 1981). 

The model has been used with macrofaunal data by 
Rainer (1981), Platt & Lambshead (1985), Warwick et  
al. (1990) and Garcia & Salzwedel (l991), all analysing 
assemblages from shallow depths (less than 20 m), and 
by Warwick (1993), who examined the performance 
of the analysis on a well-defined pollution gradient in 
a deeper area (approximately 80 to 100 m) at the Gar- 
roch Head sewage sludge dumping ground in Scot- 
land. In most cases the number of samples analysed 
was small and the number of replicates was limited. 

Neutral model analysis has promised to do more 
than any other diversity index, i.e. not only to summa- 
rlze in a single value how diverse a community is 
(Tokeshi 1993) but also to measure the level of ecolog- 
ical disturbance. In this context disturbance has been 
defined as 'a process which occurs when any physical 
or biological agent acts to reduce population size, 
either by a direct biocidal action or by some indirect 
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effect on population growth rates' (Platt & Lambshead 
1985). This method has been accepted with enthusi- 
asm by some authors as 'an extremely sensitive and 
relatively sample-size independent method for 
analysing diversity' (Lambshead 1986), and as a useful 
tool for the analysis of ecolog~cal disturbance, both 
physical and biological (Lambshead & Platt 1988). 
However, the methodology has also been generally 
criticized (Ugland & Gray 1983). 

Theoretical models are useful concepts of ecological 
phenomena; however, real data always present larger 
or smaller deviations from whatever a model has pre- 
dicted. A practical criterion for the use of a diversity 
index in ecological and monitoring studies is its 
repeatability or the low variability within a series of 
replicates as well as its ability to detect deviation from 
'normal' conditions. In the present paper 24 sets of 
macrofaunal samples (4 stations at  depths from 70 to 
150 m,  snmp!cc! during 6 different t i z e  per,ods), each 
consisting of 10 replicates, are examined using neutral 
model analysis, as well as other more traditionally used 
diversity indices in order to assess the consistency of 
each index in assigning similar v a l ~ l ~ s  to t h e  commu- 
nity regardless of the small-scale random variation. 

MATERIAL AND METHODS 

Six sampling cruises (in November 1989, January 
1990, May 1990, July 1990, September 1990, and 
December 1990) were conducted with the RV 'Philia' 
in Heraklion Bay (Crete, Greece), visiting 4 stations 
(H5, H6, H7 and H8) located at 70, 100, 130 and 160 m 
depth respectively. Ten replicates were taken at  each 
station in each sampling cruise, utilising a 0.1 m2 
Smith-McIntyre grab, sieved through a 0.5 mm sieve 
and the fauna sorted and identified to species level. 
The substrate was uniformly silty and no obvious 
patchiness was found through the analyses of the envi- 
ronmental parameters in each station. Therefore ~t may 
be assumed that the replicates came from the same 
macrobenthic community. 

For each of the 240 replicate samples a series of uni- 
variate values was calculated: 

(1) Neutral model deviation statistic (V) was calcu- 
lated using the algorithm of Goldman & Lambshead 
(1989) implemented in the PRIMER software package 
(developed in Plymouth Marine Laboratory, UK) on a 
386 IBM computer 

(2) Diversity indices commonly used in ecological 
studies: equitability (J') after Pielou (1969), species 
richness (d) according to Margalef (1958), information 
index (H') using the Shannon-Wiener function (Shan- 
non & Weaver 1949), Simpson's (1949) index of diver- 
sity (D), the total species number in each sample (TSN), 

and a series of Hill's (1973) diversity measures NI, Nlo, 
N,. Hill's (1973) numbers are given by: 

where N, is the ath order of diversity; and p, is the pro- 
portional abundance of the nth species. 

Repeatability analysis was performed according to 
Krebs (1989). This method provides a va.lue ranging 
from 0 to 1.0 that shows how similar repeated mea- 
surements are on the same individual items. In this 
case the value of a (diversity or other) index in each of 
the 10 replicates was treated as a repeated measure- 
ment of a community parameter. Repeatability is given 
by the formula: 

Rep = 
.G 

S: + S; 

where Rep !S repestshi!ity; S: is variance among 
groups (i.e. among sets of samples); S: is variance 
within groups (i.e. among replicates of the same set of 
samples). 

Lower and upper confidence limits for Rep (RL  and 
RLI respectively) were also calculated after Krebs 
(1989) for 95% probability. 

RESULTS 

The repeatability analysis results (Table 1) show the 
different performances of various indices. The total 
number of species (TSN) in a sample seems to be the 
more repeatable expression of the community diversity 
(Rep = 0.726). This also holds true for most of the 
indices based on species number such as d, NI and H' 
while most of the equitability-influenced indices (D, J', 
V)  are markedly less repeatable. This is due to the fact 

Table 1. Performance of V statlstlc and diversity indices i.n 
repeatability analysis. J ' .  equltabdty, d .  specles richness; H': 
Shannon-Wiener information ~ndex ;  D S~mpson's index of 
diversity; TSN: total species number In each sample; N I ,  NI,,, 
N,: series of Hill's diversity measures; Rep: repeatability; RL, 

R": lower and upper confidence limits for Rep respectively 

Index RL Rep RU 

V 0.154 0.275 0.462 
J' 0.178 0.304 0.494 
D 0.200 0.331 0.522 
N, 0.201 0.332 0.523 
NIO 0.222 0.357 0.548 
N' 0.469 0.61 1 0.764 
NI 0.498 0.637 0.783 
d 0.537 0.671 0.807 

TSN 0.602 0.726 0.844 
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Fig. 2. Percentage of the samples (%) presenting a V statistics 
value significantly lower than neutrality. (Diameter of the 

circles is proportional to the respective percentage) 

Fig 1. Number of replicates in each data set presenting 
V values: (a) positive or negative, (b) neutral or significantly 

negative 

that the most dominant species in each sample present 
highly variable abundance severely influencing the 
latter category of indices. However it should be noted 
that the proportional cumulative ab.undance of the first 
pair of species in each sample never exceeded 35 %. 

The number of replicates per sample set below or 
above the predictions of neutral model are shown in 
Flg. 1. In Fig. l a  negative (V < 0) and positive (V > 0) 
values are presented, while in Fig. l b  only negative 
and neutral values are indicated. In the latter case the 
significance of the deviation was taken into account, 
i.e. only values > + 2 and < -2 were considered as sig- 
nificantly deviating from neutrality (Warwick et al. 
1990). This analysis gave no significantly positive devi- 
ation; still, 34 ?h of the values were significantly lower 
than that predicted by the neutral model. This depar- 
ture from neutrality, i.e. excessive dominance, has 
been considered by some authors as a symptom of dis- 
turbance (Rainer 1981, Warwick et al. 1990). In all the 

samples collected in the frame of the present study, 
including those that presented V < -2, no disturbance 
indicator species were found, nor any heavy recruit- 
ment, which could also produce excessive dominance. 

In Fig. 2 the percentage of significantly negative V 
values is presented in relation both to sampling month 
and depth. At the 100 m depth station the number of 
negative values was considerably high (39 out of 60). 
In the shallow stations of 70 m depth, where the varia- 
tion of physical factors i s  more important and therefore 
where physical stress would be expected to be higher, 
almost all the samples produced Vvalues close to neu- 
trality. In the deeper stations (i.e. at 130 and 160 m 
depth) where all the environmental conditions are 
fairly stable, approximately of the samples pre- 
sented significantly negative V values. No consistent 
pattern was found in relation to the season for the shal- 
low station, while in November and May the majority 
of the deeper stations' samples was found to deviate 
significantly from neutrality. 

In order to examine the aspect of 'sample size inde- 
pendence', the neutral model was applied to a 'super- 
sample' where all 10 replicates of each set of samples 
were pooled. The resulting value, for each of the 24 
sets of samples, was compared to the average value of 
the 10 replicates of the respective set through a paired 
t-test. The correlation coefficient (R2) between pooled 
and average values was also determined. The same 
analysis was also performed on 5 diversity indices (J', 
H', d, D and N,). The differences in values between the 
pooled and the average for each data set are illustrated 
in Fig. 3, while the results of the statistical comparisons 
are presented in Table 2. In all cases there was a sig- 
nificant difference between pooled and average vai- 
ues. The pooled samples presented lower equitability 
(J'), lower values for the Simpson index (D) and lower 
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set of samples 

Fig. 3. Values of indices obtained for each set of samples by 
(a)  pooling all replicates and (b) averaging the values of the 

l 0  replicates 

Table 2. Correlation coefficient between the average value of 
the 10 replicates and the value for the pooled samples in the 

24 sample sets 

Index R2 

values for the V statistic. On the other hand, species 
richness (d), H' and NI values were higher in the 
pooled samples and this may be attributed to the fact 
that the number of species plays a more important role 
in determining the value of these indices. However, 
sp i r t  from Vstatistic, iii all other cases the pooled and 
the average values were highly correlated (R2 > 0.6). It 
seems therefore that Vis not as 'sample size indepen- 
dent' as has been assumed so far. An additional prob- 
!e!n arises when chlracterising the assemblage as 
'significantly less diverse than neutral model predic- 
tion': if the average V is taken into account, only 25 % 
(6 out of 24) of the sample sets present a value signifi- 
cantly lower than zero, but in the case of the pooled 
samples, 79% (19 out of 24) seem to be significantly 
negative. 

The relative size of the species pool available (R;) 
from which immediate recolonization could be ex- 
pected in a minimal area, such as that of a sampling 
quadrat, could be expressed by the ratio: 

where S; is the species present in the ith quadrat and Sk 
is the total number of species in the 10 replicates of the 
Mh set of samples. 

For each set of samples the percent average Rj is cal- 
culated after the formula: 

I t  could be expected that the larger the ARk the 
higher the probability for the Individual patches of a 
set of samples to receive immigrants from the sur- 
rounding community which would increase the species 
richness. This simple ratio however does not take into 
account the number of individuals of the absent spe- 
cies and therefore the probability is only roughly esti- 
mated. 

In Fig. 4 the neutral model V statistic is plotted 
against ARk for all 24 sets of samples. It seems that rel- 
atively larger available species pools are consistently 
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Ugland & Gray (1983) addressed the issue that it 
seems improbable that all examples should consls- 
tently be equal or below neutral model predictions. 
Caswell (1983) replied that in the examples he exam- 
ined, V was negative in only 28% of the cases. In the 
present study a large proportion of the individual repli- 
cate samples (88 %) produced negative V values while 

... -- 
34 % presented significantly lower values than those 

, . predicted by the neutral model ( V <  -2). In the analysis 
-h ' 

1.30 160 180 2 M  220 240 260 280 3W 320 of the pooled samples 79 % (19 out of 24) were found to 

" Rk 
be significantly negative. In fact the negative values 

I , seem to be rather high, as Ugland & Gray (1983) 

Fig. 4. V statistic in relation to the average relative size of 
the species pool available for recolonization from adjacent 

patches 

related to significant deviation from neutral model pre- 
dictions, i.e. excessive dominance. 

DISCUSSION 

According to Caswell (1976) there are some impor- 
tant restllctions on the data to which the neutral model 
analysis can be applied, such as: (1) the data are 
assumed to consist of a random sample from a commu- 
nity that has been operating for a long time, (2)  the 
data must consist of counts of discrete individuals and 
(3) the data cannot have been 'compressed' or 
'expanded' (i.e. changing the sample size in artificial 
ways). 

All the above-mentioned restrictions were kept in 
our data except (1) which is, as Caswell (1976) 
acknowledged, impossible to judge a pnori. This 
restriction is in fact one of the main problems of the 
neutral model analysis since it renders the entire 
method an unfalsifiable one (i.e. any disagreement 
with the neutral model predictions could be attributed 
to this particular problem). However the communities 
used in this study have been monitored for the last 7 yr 
with no visible changes. The area is also relatively off- 
shore and free of major anthropogenic influences. 

Lambshead & Platt (1988) noted that in order to 
obtain meaningful results the sample size should not 
be too small because, since species can never be rep- 
resented by less than 1 individual, species drop out as 
a sample is decreased in size. Although in the present 
paper none of the individual replicates had less than 33 
individuals (and 234 had more than 50) it is reasonable 
to assume that the pooled samples better represent the 
parent community since the diversity potential in terms 
of species richness is a much closer approximation. In 
the latter case no sample had less than 563 individuals 
and 92 species. 

noticed, but it is also true that the samples which 
present the lowest values are those that could have 
been expected to be more diverse, as Caswell (1983) 
suggested. 

Used in pollution studies, the neutral model analysis 
has produced conflicting results. Platt & Lambshead 
(1985) found significant differences in the Vstatistic for 
the Clyde Sea area (Scotland) assemblages of nema- 
todes between contaminated and uncontaminated sam- 
ples (the latter being less diverse than the former); this 
difference was attributed to pollution. In macrofaunal 
assemblages, however, they found a reduction in diver- 
sity in the polluted sites. Only 2 macrobenthic samples 
out of 16 presented in that paper were found to be 
significantly less diverse than the neutral model's pre- 
diction. 

Smith & Simpson (1992) found that the neutral model 
IS a useful tool for detecting differences between sam- 
ples from control and treatment (polluted) locations; it 
was at the former, however, where they obtained the 
lowest V values. 

Warwick et al. (1990), examining the macro- and 
meiofaunal communities from Bermuda Harbour, 
found that for the meiofauna, the V statistic for all 
6 stations analysed was close to neutrality while for 
the macrofauna, 2 values (out of 6) were significantly 
lower than the neutral model prediction, suggesting a 
severely disturbed condition. 

Warwick (1993) used the neutral model in the analy- 
sis of macrobenthic data in an exhaustively studied 
sewage dumping site and stated that 'the poor perfor- 
mance of this statistic along such a well-defined pollu- 
tion gradient does not augur well for its use in the pol- 
lution detection and monitoring context' while other 
diversity indices were able to detect changes in the 
co~nmunity structure coinciding with the independent 
assessment of pollution parameters. 

Lambshead & Platt (1988) argued that physical dis- 
turbance and biological interactions such as predation 
may produce interchangeable results on a neutral 
model slnce disturbance 1s an eiiecr, nor a causdiive 
agent or process; in other words 'stress is defined by its 
effects'. However as Rapport et al. (1985) emphasized, 
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what actually constitutes health in an ecosystem is not 
based on objective criteria but rather involves judg- 
ment in deciding which parameters are significant in 
the ecosystem's responses to stress. 

The effects of severe environmental stress are usu- 
ally obvious, whether judged by low diversity or by the 
presence of particular indicator species, but when the 
stress is relatively mild the measures of community 
structure may often be of limited usefulness (Rainer 
1981). In the present study no obvious consequences of 
environmental stress were detected. On the contrary 
all samples presented rather high values in most of the 
diversity indices applied. However neutral model 
analysis revealed a considerable negative deviation in 
a large proportion of the samples which might be 
thought to indicate that the community is subjected to 
either physical or biological stress. Because the deviat- 
ing samples are found in the deeper stations and only 
in a proportion of t h e  replicates, it can he conc!ldded 
that the stress in this case could only be of a biological 
nature and rather small in scale. 

As Palmer (1994) noted, at least 120 hypotheses have 
been proposed to account for variation in species rich- 
ness and/or diversity so that some authors are almost 
apologetic about introducing new ones. The interpre- 
tation of neutral model analysis results is no exception 
to this rule since several hypotheses have emerged to 
explain the conformity with, or the deviation from, the 
neutral model predictions. 

According to Warwick & Gee (1984), when meiofau- 
nal populatjon densities are low (due to predation or to 
sediment disturbance by macrofauna), competitive 
equilibrium is not approached and therefore diversity 
is maintained at  high levels. Data from the present 
study do not support this hypothesis in the context of 
macrofaunal populations since the most densely popu- 
lated stations were consistently found to be close to the 
neutral model predictions regardless of the method 
used to compute the V statistic (individual replicates, 
average or pooled), while the deeper stations, where 
the macrofaunal abundance was rather low, seemed to 
deviate to a larger extent. It has been shown (Karakas- 
sis 1991) that in the continental shelf of Crete, the shal- 
low depth zone (70 m) can be considered as an ecotone 
since above this depth wave action has a significant 
impact on the marine sediments, removing the finer 
particles and reducing the particulate organic material 
(POM) available to macrofauna, while in the deeper 
zones (100 to 190 m) there is a further decrease in POM 
with distance from the coast. This ecotone zone is char- 
acterised by maximum biomass and species diversity. 
Rainer (1981) also fou.nd an ecotone point where diver- 
sity values were in agreement with neutral model 
predictions while other assemblages, where biological 
accommodation was expected to be more pronounced, 

presented reduced diversity. His hypothesis-that 
adaptations in the species of a community to moderate 
degrees of short-term environmental stress protect 
the community against further stress and consequently 
seasonal fluctuations will be small in such a com- 
munity-could better explain the patterns observed in 
our data. 

The results of the present paper do not support the 
opinion that the neutral model is a size-independent 
method. On the contrary, large samples seem to devi- 
ate significantly almost consistently from neutrality. 

In each of the stations some of the replicates gave a 
V statistic value close to neutrality while others pre- 
sented significantly lower values. In this context the V 
statistic was found to be the least repeatable descriptor 
of community structure. Two alternative explanations 
emerge from this aspect: either neutral model analysis 
is not an extremely reliable tool or the scale of the dis- 
turbance is rather small and therefore illis dndiysis 
may indeed be a valuable tool for the analysis of pat- 
terns within the community. This dilemma is not an 
easy one to resolve, since it could be expected that 
o ther  symptoms of disturhsnce would be also apparent 
in cases where very low V values are obtained. These 
sorts of symptoms were not recorded in our study 
either with respect to physical and chemical parame- 
ters or with respect to the fauna1 data. 

The neutral model should be used with caution, 
especially in cases of ecological monitoring where the 
number of samples is usually a compromise between 
accuracy and cost. A minimal number of samples may 
not accurately represent the community since the val- 
ues obtained from a small number of samples might be 
seriously biased. 
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