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Rank-Frcqucncy Diagrams (RFD) perm it the dClcnnination and visualization of 
the coe nol ie sira lcgy used by bcn thi c comm uni t ic s in Ic mporari ly or 
pcrmancntly diSllIrbed en vironrncnts . 

Examples of structures. dynamic stability and strategies of bcnthic communities 
according to environ mental variations arc given and discusscd. Both spatial and 
temporal variations have becn analyzed by mcans o f RFD. 

Ocemwlu/<:ÎClI Acw. 1991. Procccdi ngs of the Intcrn :u ional Co lloquium on the 
en vironment or epicontinental seas, Lille, 20-22 Man;h, 1990, vol. sp, nOIl . 19 1- 196. 

Exemples de réponse des communautés benthiques au st ress de 
t'environnement 

Les diag ramme s Rangs-Fréq ue nce (DRF) perme ttent de dé terminer e t de 
visuali ser la stratégie eoenotique adoptée par les pcuplemc nts benthique s e n 
fonction des penurbations. permanentcs ou temporaires. de l'cnvironnement. 

Différe ntes structures de peuplements benth iques, leur stabili té dynamique CI 

leurs réponses aux changements de milieu. sont présentées. Les variations. tant 
spatiales que tempore lles, peuvent être analysées à r aide des DRE 

O(;elJllOlngic(1 AcUl. 199 1. Actes du Colloque International sur l'environnement des 
mers épicontincr11ales. Lille. 20-22 mars 1990, vol. sp. nOIl . 191 - 196. 

ln di sturbed natural c nv ironmcnt s. co mmuni tic s <lrC 
adaptcd to pcrsist using eocnotic stratcgies (Blandin e l al .. 
1976) . The latte r incl ud e dClllographic stratcgie s of 
spec ies. and interac ti ve co nn ect ion s he tween th e m. 
resulting in Iheir ac tual numerica l rat io as weil as Ihe 
s harin g of lim e and s pa ce. Two ex trc me ty pes of 
eomrnunity ex ist: a) comnlunities wi th few spccies. among 
which a very small numbcr arc sirongly domi nant. Thesc 
e0l11lTlun ities. which show large nuctuations of biomass 
bU I tend to recove r quickly afte r a pe rtu rbat io n. are 

obscrved in most unstablc or stressed cnvironmcnts: and b) 
communi ties wilh nume rous s pec ies. ha ving a g reat 
number of inter-specifie interaelions. Conseque nlly. the ir 
demographic distributions are ll1utuall y controlled and li re 
more stable, but also more vulnerable to env ironrnenlal 
pen urbations. Sueh populalions ex ist in rciati vely stable or 
lil lic-stresscd cnvironmenls. 

The Dover Str.iÏl sho ws several gmdients of stress such as 
that proouccd in anthropogenic aclÎons. tidal eurrcnlS o r 
si l! content of the sediment . These stresses direelly act on 
the bionomical s tru cture (If the ben lhic comrnu nit ies. 
Ocnthic comrnunitics from th e Do ver Strait prov idc 
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cxamples of both Iypes described abovc. whil st others 
osci llalc bclwcen them according 10 the pennanence and 
the strength of the stress. 

ln order \() describe the partition of space and/or rcscun:cs 
among the various species of a community. use was made 
of severat models of spccîcs distribution (i.e. distribution of 
individual s among species) which differ From cach other by 
the method of gcnc rating probabil iti cs of occ urrence of 
spccics and by the hypothcsis adopted in modclling the 
s har ing of rcs()urce s among th e m : the y include th e 
Motomura model (1932): the McAnhur nlDdcl (1957): the 
Preston ( log-no rmal ) mode l ( 194 8): an d the Zipf
Mandelbrot model (1953) which was ôlpplicd 10 ecological 
data by MargaJef ( 19SK) and Fronlier (1976 and 1985). 

Ali th ese method s permit direc t vi s ualiza t ion of 
muh ispecific distributi ons on Rank Frcqucncy Diagrams 
(RFD). The comparison of several RFD deseribc the species 
distribution more accurately than a mere numerical index. 

Some other method s used to detcrmine the impact of 
stress can be found in the liuerature. They use mode ls 
deri ved from those named above. Gray and Mirla (1979) 
and Gray ( 1980 and 198 1) use [og-nonnal plots for the 
de tect ion of po lJ ution -induc ed d is turba ncc. Re ce nt 
de vclopment s of po ll ution studi es use combin ed k
dominance cur ves ( Warw ick. 1986 : Warwi c k and 
Ruswhayuni. 1987) to separate un po lluted. moderately 
polluted and grossly polluted conditi ons. They assume 
that the distribution of numbers of indi vidual s should be 
d iffcrent from the di stribution of biomass when the 
community is stressed by pollution. 

ln this paper. sollle examples of use of RFD arc provided 
from bcnlhic communilies of 1111; Dovcr SlraÎI art:a. The 
"pebbles cOllununily with sessi le epifauna'" is a fai rl y good 
examplc for slUdying spatial varilliions along a curren t 
gradient. The "c1ean medium-sile sand commu nity with 
Ophelia bor!!(lli.\·'· wa.~ chosen for ilIu strating temporal 
nuctuations of a conslantly low stressed community. The 
intcrtidal upper level co mmunity well illustrates the 
tcmporal variations of Ihc "tmcturc of a conullunity in a 
highl y Ouctuating environmcnt. 

METHODS 
1 
,-

RFD werc drdwn by using Fronlier's method (1976): a log 
seale for frequcncies and Tanks. According to Ihe shape of 
the RFD, severa! stages were dcscribcd: 

Sta,r:e 1 

Il corresponds to pioncer communilies at the bcginning of 
the ecological succession, or eom munit ies remaining at 
Ihi s stage bccause of environemenlal pressure. Curves are 
sleep and show an innexion: the diversity is low. 

Swge 2 

Il corresponds tO mature communilies. Curves arc convex 
and the diversity value is maximum. 

Stage J 

Il corresponds 10 the linal stage of succession. The curve is 
essemially linear and the di vcrsity is lower than in stage 2. 
ln benthic studies. we have never round stage 3. 

The s hapes o f RFD give the "structure" of the 
lIlulli spee ifi c populat ions. and arc indepcndent of Ihe 
precise spec ics occupyi ng the ranks. The ranked li sl of 
species gives furthe r information, indicating possible 
pennutations of speeies within the samc "structure'", i.t!. a 
rearrangement of the community. 

Changes in the st ruc ture of a community arc direct1y 
visualized by Ihe variations in Ihe shape of RFD. They arc 
interprcled here as modificmions of the strength of a .~t ress 

or Ihe appcartmce of another one. 

RESUlTS. DISCUSSION 

Spatial fluctuations 

The pebble communily wilh sessile epi fauna ()Cc urs in 
arcas of high hydrodynami"m of the ])over Slcait (Fig. 1). 
The decrea se uf hydrody narni slll from South-West tO 
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Samples we re obtai ned by standard methods fo r 
benlhic macrofau na slUdies: a Rallie r du Baly 
dredge for Ih e pcbblc comm unit y, a Smith 
Mc1ntyre grab for the Ophelia horClllis community 
and a hand corer for intenidal samples. 

Th e sampling period \Vas chosen wi th Ihe aim 
of making a valid compari son between sa mples: 
a) samples along a spati al gradi elll in Ihe pcbble 
co mmunit y we re made at the sa me limc 
(February 1985): b) samples for thc slUd y of 
tempora l va ri a ti on ~ were oblained during Ihc 
snlllc pcriod over several years (May for the 
Ophelia bo rel/Ii,\' communil)', end o f May-carly 
Junc for thc intcnida l community). 
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~volution ~palialc des DRF Ic long d'un II:radicnt d·envasement. 

North·East, particularly bctwcclI Cap Gris-Nez and Cap 
Blanc-Nez. resuhs in a gradi ent of sil! ri chness of the 
sed iment . from 0 % in the South-West to 4.5 % in the 
North-East (Davoult. 1990), RFD are vertical in the South
West « 1 % of silt). and concave in the North-East (1 to 
4.5 % of si l! : Fig. 2). 

Looking more precisely al the speci fie composition and 
Ih e spcc ies hi e rarc hy. il c an be o bserved th al the 
so ulhwe s tern part of th e co mmunit y is principally 
dominat ed by Ophiolhri:r frag ilis (80 to 90 % of 
indi viduals) and PisitJia IO/lgicornis (5 to 12 %). The fi rSI 
dominance ranks are al ways occupicd by the same group 
of spccies. often in the same order. The Shannon diversity 
index is low (Iess than 2.5). Si l! content increases towards 
the North-East, resulting in the complete disappcarance of 
OplJiOlhrix fragilis as soon as the content reaches 1 %. 
Mud-dwelling species such as S(lbella pcnicilllls. Abra 
tI'ba and Ophillra leXfll ra/(/ arc in the firs t ranks. Ranks of 
the species are variable, and the di versity is higher (more 
Ihan 3.5), but the accompanyi ng species are the same a.~ in 
the pebbl e communil y. Thi s e rrec t is due to pebbl es 
emerging from Ihe silted sediment. wi th their epifauna sti ll 
presen t. Thi s particularity result s in an amazingly high 
di vers il y for a s ilt ed se dim ent , s in ce typ icall y an 
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increasi ng sil! content is consi dered as a stress which 
generally reduces the diversity. In fact. the increasi ng silt 
content is due to decrease of the hydrodynamical nux - the 
hydrodynamical regime being a more importanl stress than 
the silt enrichment - and the decrease of this stress induces 
the increase of the diversity. 

As a rcsult , a small numbcr of strongly dominant species 
disappear when the sil! content increascs. whereas somc 
mud -dwell ing species appear. show ing a moderat e 
dominance . Th e di ve rsity index incrcases throu gh a 
rearr.mgcmem of the species distribution. So. for the same 
number of species and individuals. di versity is increasing 
from South-West tO North -Ea.~L 

l è mporal fluctuations 

Two ex amples ha ve bcen chosen for applying RFD to 
temporal nucluations. 

Cleall medÎllIn-size salld cOImmllli/)' ",i,1I Ophelia borcalis 
(Fig. 1) 

Th is commu nit y occu pies the main surface o f th e 
permanent sand-banks of the area (Prygiel et al., 1988). 
RFD are convex and stable in space and lime (Fi g. 3; 
Prygic l, 1987). Qu antitati ve temporal fluc tuation s of 
spccies are modemlC, but the ranki ng of these species is 
very variable (Tab. 1). The numbcr of individuals (Tab. 1) 
and the biomass « 2 gDW.m-2 ) arc low. At this scale of 
observation. the mOS I do minant species ma y be a 
camivorous one (Ncplu)'.f cirrosa). a surface deposivore 
(Baillyporeia elegllllS), or a sub-surface de pos Îvore 
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J.-M. OEWARUMEZ et al. 

Tabl~ 1 

Rank of s pecic.~ 

1981 191U 1983 

8wl'YJHJftia tft'8tmS 2 6 
/J. Ruil/mll!JOIUtlllu , , >10 
CIrllt'fO:P<It' .t'fusa • , >10 
Olllll.l lI .. bradyi 9 > 1' >10 
frhl/JtI("arrfiu". corJlllwn > 10 > 1' , 
(;fIJ,IrosU«u," .pinifl't' , 9 

" MIISt'/<JIIU mirahilis , , 3 
Nepl.ly .• f"im .. u , 3 
"'t'I'IIIJ' lullguSflllSU > 10 10 >10 
M'ri"I' m1/1JJit'ri > " 7 • Oplrt'lin IN/rn,lis 1 >1' >10 
!Î(",,/,,/,/os .mrrÎger > 10 2 2 
S"io m.:minensi .• 

> " 
, >10 

S'liophtlllt'S bombyx 7 >10 , 
Spifl.la soliuiI > 10 >10 9 
Tt'I/irwfabulu 

" 
>10 7 

l\kan densi.)· (Iod. m-2) Il() 122 101 

Shannon inde~ H 3.6 3.6 3.6 

(Ophelia borel/lis). Spccies abundances t!iffer liule from 
olle anolher. and nuctu:l.le sornewhat. so Ihat continuous 
rank rea rrangem ent s occur. A), il res ult. therc i), no 
excessive pressure of uny Irophic group (for instance the 
carni vores) on the comrnunity. which coult! perlurb the 
dynarnic stability. 

The cornmunity remain s stable despitc Ihe transport of 
surface scdiment. weil known on sand banks in the castern 
Channel and the soulhcrn bight of the Nonh Sea (Clabaul. 
19H8). 

Converscly, the dynamic equitibrium can be modilicd as 
),oon as environrnentil l perturbation), occur. For exalllple. 
the dcpmition of dredgcd harbour silt inducc:> a local 
Stress, which is irnmediate ly renected in a modilication of 
RFD shapes (Bourgain el al .• 1988). 

IlIIerlil/al IIpper lel'el commwrily (Fig. J) 

Thi s le ve l is s ilt-cnriehed and subj ccted 10 a salinity 
decrcase. RFD arc sleep. as indieoled by thc grcy zone of 
Figure 4. The hierarchy of spcd es has been obscrvcd 10 he 
conSlant. (Grégoire. 1976: Do voult . [98 3: DewarUllle z. 

Table 2 

j F •• quency '" 1975 1916 

( 
100 \ 1980 1918 

1981 1979 

1982 1984 

1983 1985 

Hvd,obi. ulvlJt' 
COfoph lum .,."",ium 

" 
S.'hYPOf.i" piiOJ. 

• Eurydic. "fli"iJ 

\ 
} 
\ 

\ 
\ 
\ 
1 
\ , Ranh - 1 

\ 
, 
1 1976 

" 1978 

1919 

, , , 

1984 • 
0.' \ 

1985 • 

2 3 4 6 " 20 R."k 

Figurc 4 

1Ii.l/ndr,,1 SIl(·c.·~.Î(ln nf Nf'{) fm", 111t" III'fIt" It',·t'I ÎIlIt'r/id,,' oo"''''Ullil)" 

rM(lI"·Jwlf'). 

SU<Xt~~ion dc~ DRF du p"uplcmcnr inrer1id~ 1 de haUl ni"cau (mal·Juln). 

1983). The four most imponanl spL-cies (Hydrobill IIII 'ae, 
Comphilllll arenarillll1. EUI"Y'Jice a.!fil/il- and Bath.\1)oreia 
pil()~(/) prauicall y al ways occur in Ihe samc rank order. 
These spccies are typically found in lower salinilY areas 
with high silt content. Den~i ty nucluations arc very hi gh, 
genera lly l'rom 1 10 100 for I-/.\"(Imhio I/II'{I/' (maximum 
obscrved density 6 000 ind.m-l ). Total biornass also shows 
hi gh variations (Tab. 2). The pressure of so rne 
environmenlal factors is draslk, panicularly sill content (up 
10 9 %. Tab. 2), dUr..ltion of lidal emersion. and salinilY 
dccreosc duc 10 cominuous ron-do\\'n of fresh water duri ng 
low lide. RFD are rcclilinear ond steep. the diversilY is "cry 
low (H =0.72 ± 0.34). 

If the pressure or one factor is reduced. a rearrangClllent of 
the community is observed. In Ihe eX ;Jmple "bove (the 

Vanalioos inlcr.lnnocl1.", du rllu~ d~ pélires. de la b,oTrul.<<e froid. <CC ~akjr.~. s.m·~) ~I d~ la dh·"nl.é (mdlCc de Shannon) du p"uplcmc:n. m.cMidal de 
haul ni'·cau. 

Year 1975 1976 1978 197'l 1980 19K I 1982 l'lK3 191!4 19K5 

<;;. ,ih •. '" 1.67 1.19 0.10 2.03 9.91 9.20 
Bioma)~ 2.'J'J 6.36 4.19 -I .S3 2.21:1 0.81 2.22 1.81 7.1 6 9.01 
DI\CN1} \.1-1 O.!!S 0.51 0.73 1.27 2.10 2.11 2.9<.1 0.28 0.% 
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Gravelines beaeh: see Fig. 1), modifications of local 
currents due to harbour a lteration and industrial 
construction resulted in a silt decrcao;e: 8 % in 1979.100.3 
% in 1982. RFD tum out to be progressively eonvex (Fig. 
4). Equil ibrium occur.~ in 1983. despite a slight increasc of 
the silt content (2 %. Tab. 2). During the 1980~ 1 983 period, 
a permanent rearrangemen t of the eommuni ty occu red. 
while the hierarchy of species Ouctuated. Hy,/robill II/me 
was still dominant, but its density varied li ttle (maximum 
density : 80 ind.m ' 2). New spec ies (Ophelia ra/lrkei, 
Crongon CroT/gOII, Bathyporeia sarsi, Spio manil/el/ sis) 
appear; they arc less tolerant of salinity and silt content lt 
was sti ll the same communily as before. despite the facl 
that Ihe structure was modificd and the di versi ty increascd 
bccause the number of sampled species increased al the 
same lime. Finally, the RFD wasof "type 2". 

ln 1984 and 1985. sedimenlalion conditions made the silt 
content increase (9 %); the RFD was t hen again 
rectil inear (Fig. 4) . 

Fitl ing a l inear regression show s a strong correlation 
bctwccn: a) bioillass and silt COlllelll (r = 0.92. n = 7. P < 
0.01): and b) di versi ty and silt content (r = 0 .8 1. n = 7. 
p < 0.05). 

CONCLUSION 

Benthic communities arc marc long-lived than planktonic 
ones, Sorne communi ,ies may show a "stage 1" RFD for 
years, hence it is diffieuh to cali them "juveniles", The 
assumption is that the selection pressure of one or more 
environmental factor.; on the community prevcnts it from 
evolv ing towards greater d ivers ity. He nce, " stage 1" 
(vertical or concave) RFD can he interpreted in bcnthic 
studies as indicating the presence of a significam stress 
and resulting in sorne important fluctuat ions of total 
biomass and density. and conseque ntl y in a selection of 
few robust spec ies. 
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Examples of such an effect are shawn by communities of 
sihed and low-salinity upper level heaches and by those 
localed in areas of high hydrodynamical flu x. 

"Stage 2"' (convex) RFD indicate non s trcssed 
eommunilies, The rank of species varies. ind ieat in g an 
permanent rearrangement with in the communilY, leading 
to a dynamical stability of the numbcr or individuals and 
the bio mass. "Stage 3" RFD seem to be ve ry rare in 
bcnlhie communitics. 

Passage rrom one stage 10 the other ean be rapid when the 
stress passes either sicle or a thresholcl. 

It ean be inferred that the two extreme shapes of RFD are 
rcalizccl: a) whcn the environ mental conditions cxert a 
permanent stress on the popu lation: and b) when they exert 
no s lTess at ail. Belween bo th ext reme s ituat ion s, 
inlenned iale shapes are observed. Such fluctuations are 
panicularly observed in the Abra a/ba corn munit y from 
fine siltcd sand (which di splays a high numbcr o r spccies 
and a very h igh total b io ma ss), when und ergoi ng a 
fluctua ling e nvironmcnlal p ress ure. The quantitati ve 
fluctuat ions of the few dominant species are important 
(Dewarumez et al., 1986). Shape.~ of RFD arc intennediatc 
and fluctuale in space and time. following: a) the random 
and loc al fluctuatio ns of the s ilt content ; and b ) the 
rceruitment events. 

RFD can he useful in studying spatial variations along a 
gradienl o r in a tran sit ional area bctween IwO benthic 
communities. as weil as in annual or pluriannual variations 
inside a community. Hencc RFD appear to he a guod tool 
for monitoring the stress levels of a benthic community in 
a nuctuating ecosystclll. 
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