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Abstract. We consider here the dynamics of two polychaeteal., 2005 Pascual and Guichard005 Reynolds and Freck-
populations based on a 20 yr temporal benthic survey of twdeton 2005. Large values are ecologically important for
muddy fine sand communities in the Bay of Morlaix, Western many reasons: large numbers of individuals of a species may
English Channel. These populations display high temporalead to higher ecological pressure on preys and competitors,
variability, which is analyzed here using scaling approachesbut also higher availability for predators. For example, in the
We find that population densities have heavy tailed probaframework of marine ecology, phytoplankton blooms show
bility density functions. We analyze the dynamics of rela- very large densities, and may induce ecological disturbances
tive species abundance in two different communities of poly-of the marine coastal ecosysterBoyer et al, 2009.

chaetes by estimating in a novel way a “mean square drift” The search for universal scaling laws in biodiversity and
coefficient which characterizes their fluctuations in relative ecology often involves considering a form of power-law dis-
abundance over time. We show the usefulness of using newribution (Katz et al, 2005. As reviewed by Marquet et
tools to approach and model such highly variable populational. (2007, power laws can emerge in population dynamics
dynamics in marine ecosystems. (Keitt and Stanley1998 Ferriere and Cazelleg999 or in
patterns of abundance, distribution, and richnéssritier,
1985 Banavar et a).1999 Harte et al. 1999 2001 Mar-

quet 2002 Labra et al 2009. In this paper, we consider
two polychaete sets of data, as they are considered good sur-

One of the key features of environmental and geophysi-fOQateS to Identlfy the main environmental conditions that
cal field studies is their high variability at many different control the structure and functioning of benthic communi-
time and space scales. Because of these external influencé§s Dauvin et al, 1994 Olsgard et al.2003 Mutlu et al,

and also because of the stochasticity introduced by the re2010. Polychaetes colonize a large range of soft and hard
production and predator prey processes, population dynarﬁ'.narine sediment habitats, from intertidal to hadal (parts of
ics are also characterized by high variability over time andthe ocean below 6000m) zones. This group often domi-
space Pimm and Redfearri988 Blarer and Doebelil999  hates benthic macrofaun&iemare et a).1998 and has
Ferriere and Cazelles1999 Inchausti and Halley2001; been shown to constitute a good surrogate for describing its
Schmitt et al, 2008. The dynamics of many natural pop- distribution Olsgard et al.2003; they can also be used as
ulations involve intermittent rarity, the alternation over vari- markers of different ecological condition&gmbi and Gi-
able periods of time of phases of extremely low abundanceangrande1986. Numerous reproductive strategies linked
and short outbreaks=érriere and Cazelled4999. While to different life spans can be found in polychaetes; these
many studies in population ecology have focused on averlife spans may range from only weeks to several years; lar-
age evolutions over time, several recent studies have beeY@l planktonic duration varies from some hours to several
concerned by the modeling of their large events or extremegnonths Giangrande1997).

(Gaines and Dennyl993 Arino and Pimm 1995 Katz et

1 Introduction
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Based on long-term series changes in diversity of two soft-
bottom communities, we study the dynamics of polychaete 6000;
populations using different statistical techniques. In a first 400
section, we present the databases. Then, we consider the totaﬁ000
abundance and show that they have heavy tail distributions,
and we consider the relation between total abundance and 00 1000 2000 3000 4000 5000 6000 7000
species diversity. In a second section, we focus on dynamical Days
properties of some relative abundance time series extracted
from the biodiversity databases and find a general scaling rerijg 2. variations of polychaete abundance(a) Pierre Noire site
lation between the magnitude of the “ecological drift” and (above) andb) Riviere de Morlaix site (below).
the relative abundance. The last section is a discussion and
conclusion.

The English Channel is a megatidal sea where fine sedi-
ments are confined to the shallow waters of bays and estu-
aries and where fine-sand and muddy fine-sand communi-
ties such as Pierre Noire and Riviere de Morlaix are isolated
communities, separated by other substrata (rocky, pebbly and
gravely, coarse sand, @ad) (Dauvin 1998.

2 Databases, abundance distribution and species
richness

2.1 Presentation of the databases

In 1977, a benthic survey of temporal changes was under-2 2 Heavy tails in probability distributions of total
taken to perform a long-term monitoring over 20yr of two abundance data

fine sand communities from the Bay of Morlaix (Pierre Noire

and Riviere de Morlaix), Western English Channel, Franceyye first consider total abundance data: the time series for
(Fig. 1). During this 20-yr survey (1977-1996), the macro- polychaete total abundance in PN and RM stations are shown
zoobenthos was sampled at Pierre Noire (137 dates) and Riyp, Fig. 23 and b, respectively, where we represent the sum of
iere de Morlaix (97 dates). The Pierre Noire (PN) site is g species. These plots illustrate the high variability of these
located in the eastern part of the Bay of Morlaix, Brittany opylations, and the burst-like events associated to sudden
(western English Channel@#8°42,50' N; 3°51,96 W), 17m 45 jation outbreaks. The 10 most abundant species in each
depth at low tide. The Riviere de Morlaix (RM) site is l0- gataset are given in Tables 1 and 2 and Tables 3 and 4 give
cated at(48°39,27 N; 3°52,08' W), 10m depth at low tide,  the ahundance of species belonging to the Spionid family as

in an area under freshwater influence. These two comMmutney are one of the most representative and abundant families
nities were sampled regularly (every one or two months de-y¢ polychaetes.

pending on the period) from 1977 to 1996, using the same | et ys note also that both sites were polluted by hydro-
sampling and laboratory methodolodyguvin 1998 2000 carhons from the Amoco Cadiz wreck in April 1978. The
Dauvin and Carbon1999. The databases considered here gyjjis impact was more pronounced at PN than in RM site
correspond to matrices where each column is the Samp“nQDauvin 1998 2000); however, here we do not focus on the
date and each line a given species abundance, with many zg;suence of this particular event, and consider the species dy-

roes (over 65 and 72% of zeroes for PN and RM datasetsyamics as a whole. The primary effects of the Amoco Cadiz
respectively). oil spill in spring 1978 were only important at the PN site

Nonlin. Processes Geophys., 19, 452 2012 www.nonlin-processes-geophys.net/19/45/2012/
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Table 1. List of most abundant species and contribution to total Table 3. List of most abundant Spionid species and contribution to

abundance for the PN site. total spionid abundance for the PN site.
Species Total ~ Contribution Species Total  Contribution
Abundance % Abundance %
Pseudopolydora pulchra 88657 23 Pseudopolydora pulchra 88657 48.8
Spio decoratus 81028 21 Spio decoratus 81028 44.6
Paradoneis armata 42627 11 Spiophanes bombyx 8334 4.6
Chaetozone gibber 24718 6 Polydora flava 2643 1.46
Marphysa belli 18227 5 Microspio meckzikowianus 475 0.26
Aricidea fragilis 14846 4 Prionospio malmgreni 240 0.13
Nephtys hombergii 14729 4 Scolelepis girardi 144 0.08
Scoloplos armiger 12521 3 Spiophanes kroyeri 28 0.02
Spiophanes bombyx 8334 2 Aonides oxycephala 19 0.01
Euclymene oerstedi 7430 2 Nernine bonnieri 16 0.01
Pierre Noire site 382732 - Nerinides cantabra 9 0
Polydora caeca 3 0
Prionospio cirrifera 2 0
Table 2. List of most abundant species and contribution to total  Scolelepis ciliata 2 0
abundance for the RM site. Pierre Noire site 181600 -
Species Total Contribution
Abundance % Table 4. List of most abundant Spionid species and contribution to
total spionid abundance for the RM site.
Chaetozone gibber 127578 44
Melinna palmata 54484 19 . "
Pseudopolydora pulchra 23417 8 Species Abund Tr?tal Contrlbun;n
Nephtys hombergii 19973 7 undance 0
Euclymene oerstedi 19973 7 Pseudopolydora pulchra 23417 87.28
Mediomastus fragilis 9757 3 Spio decoratus 3101 11.56
Aphelochaeta marioni 9332 3 Polydora flava 127 0.47
Lanice conchilega 7901 3 Prionospio malmgreni 112 0.42
Clymenura clypeata 6904 2.5 Spiophanes bombyx 35 0.13
Notomastus latericeus 5097 2 Scolelepis fuliginosa 16 0.06
Riviere de Morlaix site 287659 - Microspio meckzikowianus 12 0.04
Pygospio elegans 8 0.03
Scolelepis ciliata 2 0.01
Riviere de Morlaix site 26830 -

where amphipodAmpeliscadominated before the oil spill
while at RM tolerant polychaetes such@saetozone gibber
dominated. At PN, the spill was abrupt and the amphipodg — 4563 and ury = 925, ory = 3452). We also rep-
populations disappeared immediately with the introductionrgg‘ent lognormal I?ihtlls witH theRgame mea.n and variance as
of hydrocarbons in the sedimerid4uvin 1998; the poly- the logarithm of experimental dataffy = 2.09, o = 1.86
chaetes were not affected by the oil spill except for a small Ayl = 2.05, 0l = 2.09). The ngrmai fit,s z;[\‘e ve}y far
) ) ) : rm = 2.05, 0%y = 2.09).
increase in abund_ance oflfaeterocwrus_ alatuspopulation from the data, whereas the lognormal fit are much closer, es-
(Cirratulidae) at Elerre Noire site during the autumn 1978pecially for the PN case, however a Kolmogorov-Smirnov
;rtlsst?f fggr;r;rg:;zcr;gggmeudopolydora pulchrat both test of lognormality of the data gave negative results for both
, " ' . datasets. Since the tail of the continuous curve in Fig. 3a

We con_5|dered th_e total abundancg, for all sampling dat_e% approximately linear, we have also tested the power-law
and locations considered together, in order to characterizg; ynerholic tail for the probability density function of
their probability distribution function. For this we focus on the form p(x) ~ x— for largex values) using recently pro-
the complem%*(r)ltary cumulative distribution functigiix) = posed procedures iBlauset et al(2009. We have used

/! !/ H il

Pr(X > x) = [” p(x/)dx’ wherep(x) is the probability den- o412 codes given by the main author in the companion
sity function (pdf). This function is shown for both PN and page of his papet. The first step of the proposed method
RM databases in Fig. 3a—b. In the same plots, we also rep-
resent a fit obtained for a normal random variable with the 1 Seehttp://tuvalu.santafe.eduaaronc/powerlawdast consul-
same mean and variance as the times sefig§ & 58.3, tation on 7 October 2011.

www.nonlin-processes-geophys.net/19/45/2012/ Nonlin. Processes Geophys., 18243012
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Fig. 3. The complementary cumulative distribution function (log-
log plot) of polychaete abundanca) in Pierre Noire site (above) A possible definition of biological diversity is “the variety
and (b) in Riviere de Morlaix site (below). The continuous lines and abundance of Species in a defined unit of Stumqur_
correspond to the data, dotteo_l lines to norma_l distributions obtaineqan 2004). Abundance and relative abundance are often con-
from the same mean and variance as experimental data, and dasfyye a4 amongst the many facets of diversity as the impor-
dotted lines to a lognormal distribution with the same mean and . L L
variance as the logarithm of experimental data. _tance (rel_atlve_ or absolut_e) of_spemes is |mpI|C|tIy involved
in the estimation of species richness. In this framework, a
general pattern of biodiversity is the richness-abundance re-
lation, where species diversity (total number of species) is
is to estimate the lower thresholghi, for which a power-  larger when total abundance of the sample is larljtarquet
law fit of the pdf is optimal, and the power-law tail We et al, 2007).
obtain apy = 2.184+ 0.1 andxminpn= 99+ 52 andarym = There were many different polychaete species identified
2.33+ 0.4 andxminrm = 443+ 280 for, respectively, the PN  for each sampling station: a total of 140 species for Pierre
and RM datasets, where the error bars are obtained usinijoire site and 115 species for Riviere de Morlaix site. Fig-
the procedure described @lauset et al(2009. The second ure 4 shows the species richness (total number of polychaete
step of the method is important and called MLE (maximum species found) versus the total abundance, for each sampling
likelihood estimator); it uses goodnes-of-fits based on thedate. The two databases form clouds of data over which we
Kolmogorov-Smirnov test in order to determine if the data calculated a conditional average using a local Gaussian ker-
are consistent with a power-law hypothesis. The output ofnel smoothing\Vand and Jone4995. This method is use-
the method is a p-value, fraction of synthetic distances thaful to extract a smooth nonlinear conditional average evolu-
are larger than the empirical distance from a pure power lawtion based on a cloud of points. The resulting curves show
Itis a number between 0 and 1 indicating the validity of the that there is an increase of the species richness with total
power-law fit: whenp < 0.1 the power-law hypothesis is re- abundance; they also provide an illustration of this species
jected. We obtainegpy = 0.03 andprm = 0.007, showing  richness-abundance relationship.

Nonlin. Processes Geophys., 19, 452 2012 www.nonlin-processes-geophys.net/19/45/2012/
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The PN site has approximately a species richness whicla species inside a finite isolated community. Here, using ma-
is twice the one of RM site, for the same total abundancerine benthic databases, we aim to quantify such ecological
We found that the conditional average relationship betweerdrift. We must emphasize that we borrow here the concept of
species richness and total abundance is increasing with inecological drift and relative abundance, but this has no rela-
creasing abundance, in agreement with one of the generdlon with the validity of the hypotheses of neutral theory for
patterns in biodiversityNlarquet et al.2007). These results the database analyzed. In other words, we borrow a concept,
also show that the RM site is substantially less species-rictbut we do not need the underlying hypotheses of the theory.
than the PN site; the former is under estuarine influence and In order to characterize the fluctuations of a species’ dy-
is also a zone with a natural accumulation of mud fine par-namics, we consider its mean square displacement (MSD)
ticles enriched in organic matter. These estuarine benthi¢which could also be seen as its mean square drift):
communities are generally less species-rich than open ma- -
rine communities such as the PN sila{ivin, 1997). MSD= Ar(1)? 2

whereAr(t) =r(t) —r(t —1) and the relative abundance here
is estimated with respect to the total polychaetes population.

For the study of such dynamics, we considered only sub-
samples of our databases for which the sampling period was
regular (from 1978 to 1981 for PN data, monthly samples,
and from 1980-1996 for RM, with five samples per year).
In the previous section we considered the statistics of totaRRelative abundance is a strongly fluctuating quantity. Ta-
abundance time series. In this section, we are interesteBles 3 and 4 show the population dynamics MSD for the most
in some dynamical properties of these databases, focusingPundantspecies, the average value M®stimated over all
mainly on species information. We consider the quantifica-SPecies, and the ratio MSD/M&Din order to quantify the
tion of the relative abundance fluctuations in relation with the différence in the ecological drift of several abundant species.
mean abundance of one species. We consider here relati}/e see that species with high MSD are the most abundant in
abundance data, i.e. species abundance fluctuations relati¥g® communities and display high variability in their abun-
to the total population abundance. For this, we normalizeddance values; conversely rare species have low MSD values
each species abundance by the total abundaficeat time and similarly low variability in abundance.

3 Dynamical properties: relative abundance and
ecological drift

3.1 Relative abundance

1. For a species with abundanceV; (1) at timez, we intro- ~_ Hu et al. @006 have argued that the ecological drift is
duce the ratio; () according to: likely to be larger for rarer species, whereas abundant species
should have a low ecological drift. This prediction was based
Ni () on the analogy between ecological drift and genetic drift, and

ri(t) = 1)

on the neutral model where ecological drift is obtained from
) ) ] ] ] a random birth and death process chosen among randomly
This transforms the species dynamics with high burst val-chosen species, explaining the prediction of a smaller effect
ues between 0 and large positive numbers, to a relative abup; |arge community sizes. Here we have tested this predic-
dance dynamics between 0 and 1. Using this approach, Wgon, ysing the population dynamics mean square displace-
discuss below a dynamical property which is found for all hent a5 a measure of the strength of the ecological drift.

species. Figure5 shows the mean species relative abundanee>
versus MSD, in log-log plot. This relation is the opposite of
what could be expected according to Hu et 2006 with an
increase and not a decrease of the ecological drift of a species

In the_ f'e'(?' of genetic population c_iyngmlcs, the concept pfwith its abundance. Moreover, we find a remarkable scaling
genetic drift of an isolated population is now classical. This relation:

drift is the consequence of the intrinsic random nature of the

reproduction process. It is characterized by a stochastic varimSD= C < r >*# (3)
ability of some gene’s frequency inside a finite population,

from one generation to the next. Similarly, a theory of dy- With # =1.5andC =0.2. The power law relation found here
namical biodiversity has been developed in the last decadd)as an exponent of 1.5, for which we have no interpretation.
Hubbell's neutral theory of biodiversity and biogeography This relation could be linked to a more general allometric
(Hubbell 2001 He and Hy 2005 Hu et al, 2006, which relation. Itis also remarkable that in Fig.the two databases
was inspired by Kimura's Neutral Theory of Molecular Evo- Perfectly collapse, whereas for other comparisons (i.e 4ig.
lution in the field of population genetic&imura, 1994. In the curves were quite different for PN and RM series.
Hubbell’'s theory, genes are replaced by species and the con-

cept of ecological drift was introducedt(@bbell 2001), to

characterize the temporal evolution of relative abundance of

N ()

3.2 Ecological drift and its quantification

www.nonlin-processes-geophys.net/19/45/2012/ Nonlin. Processes Geophys., 18243012
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Table 5. Mean square drift (MSD) for the most abundant species of polychaetes in PN station. The third column is the normalised coefficient.

Species Authority MSD MSD/MSR
Pseudopolydora pulchra Carazzi (1895) 0.0572 90.4

Spio decoratus Bobretzky (1870) 0.0136 21.3
Paradoneis armata Glémarec (1966) 0.0052 8.1
Marphysa bellii Audouin and Milne-Edwards (1833) 0.0014 2.2
Chaetozone gibber Woodham and Chambers (1994) 0.0012 1.9
Aricidea fragilis Webster (1879) 0.0008 1.25
Scoloplos armiger O. F. Muller (1776) 0.0006 0.08
Average MSD (MSIx) - 0.0006 -

Table 6. Mean square drift (MSD) for the most abundant species of polychaetes in RM station. The third column is the normalised coefficient.

Species Authority MSD MSD/MSR

Chaetozone gibber Woodham and Chambers 0.048 54.21

Melinna palmata Grube (1870) 0.02 23.94

Pseudopolydora pulchra Carazzi (1895) 0.016 19.62

Nephtys hombergii de Savigny in Lamarck (1818) 0.008 7.96

Aphelochaeta marioni  de Saint Joseph (1894) 0.0016 1.76

Euclymene oerstedii Clapaede (1863) 0.0006 0.82

Mediomastus fragilis Rasmussen (1973) 0.0004 0.51

Average MSD (MShy) - 0.0009 -
Relative relative abundance of a species and proposed, for the first
Abundance time, a quantification of the strength of this drift, using the
10° ¢ ) mean square displacement coefficient from one time step to
107"k > the other. We found that this coefficient is related to the abun-
102 K .“ dance of the species; Tables 5 and 6 indicate that the strength

, Pxy of the ecological drift is stronger for abundant species, pro-
oy PYS.a viding a relation which is the opposite of what could be ex-
107 2 (L pected according to Hu et al2q0§ in the framework of
107°k 2 OETN ° neutral theory. This result has indicated that the more abun-
0t~ ‘ 'I" ¢ | . | | . | . | dant a species is, the more it fluctuates, this being a possible
10 10° 10° 107 10° 10° 10° 10° 10° 10" 10° manifestation of species turnovafilenkin, 2009. This re-
MSD lation could be linked to a more general allometric relation.

Gaston and McArdl€1994 mention that the abundance of

animals in different habitats can have different variabilities
Fig. 5. MSD as a function of polychaete species mean relativeand that these are thought to be driven by levels of tempo-
abundance. Species with high MSD values are the most abundant ifal variability exhibited by the habitats. The more variable
the cor_nmunities; conversely rare species have low MSD. Equatiofhe environment the larger temporal variability is likely to
of the fit: MSD=02<r>*. be; disturbed or temporally variable habitats tend to be oc-
cupied by species with high rates of population growth, like
opportunistic species (i.€seudopolydora pulchrandSpio
decoratu3. The results we found confirm and quantify such

. ] . _ observationsDauvin(1998 has shown similar patterns with
In this paper, we have considered the community dynamic$,eriodic alternation between cold and hot winters in the Bay

inside the highly variable total abundance. For this, we havey Morlaix and identified them as the main driver of the long-
normalized the data, at each time step, by the total abungem changes of the Pierre Noire community after the Amoco

dance. Each species was characterized by a relative abugeagiz spill which remains the main event during the 1977—
dance value, bounded between 0 and 1. We considered thﬁg% survey.

“ecological drift”, corresponding to the time evolution of the

4 Discussion and conclusion
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Nearshore estuarine and marine infaunal communities ar®auvin, J. C.Evolutiona long terme des peuplements éelisnents
often characterized by high variability in abundance and fins sablo-vaseux de la Manche et de la mer du Nordais,
in dominance patterns between yedPeterson1975 Ma- 23,113-144, 1997. _
honey and Livingstor.982 Flint and Kalke 1985 Holland, Dauvin, J. C.: The Fine Sand Abra alba Community of. the Bay
1985 Nichols 1985 Posey 1986), although there are exam- of Morlaix Twenty Years after the Amoco Cadiz Oil Spill, Mar.
ples of long-term stability in dominance for lower salinity __~°lut. Bull., 36, 669-676, 1998. .
areas Klines et al, 1987 Holland et al, 1987). Despite this Dauvin, J. C.: The Muddy Fine Sartbra alba-Melinna palmata
s " ' . ’ Community of the Bay of Morlaix Twenty Years after the Amoco
yarlablhty, thes_e infaunal commgnmes are generally dom-  ~_4i, oil Spill, Mar. Pollut. Bull., 40, 528-536, 2000.
inated by relatively few taxa, with less than 10-20% of payyin, 3. C. and Carbon, J.: Variat#litemporelle de la diver-
species often comprising larger than 99 % of a community = sjte des peuplements dédiments fins de la baie de Morlaix,
by number, and most other taxa represented by only a few Ocganis, 25, 343-375, 1999.
individuals. Here we have recalled that both communitiesDauvin, J. C., Kendall, M., Paterson, G., Gentil, F., Jirkov, I.,
are indeed dominated by very few numbers of species (i.e. Sheader, M., and De Lange, M.: An initial assessment of poly-
Pseudopolydora pulchra, Spio decoratus, Chaetozone gib- chaete diversity in the northeastern Atlantic Ocean, Biodiv. Lett.,
ber...) but nevertheless we found common patterns valid for 2, 171-181,1994. _ _
all species, whatever their total abundance. In future workd €'"ere, R. and Cazelles, B.: Universal power laws govern inter-
we will apply and develop these methodologies to other bio- mittent rarity in communities of interacting species, Ecology, 80,
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