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Demhie colonization fo ll owing physical disturbancc was studied in shallow brackish 
waters at the SW coast of Finland, northem Ballie Sea. Fol1owing sand suction and 
pcriodic s lagnation an annual colonization pattern is described in relation to continuous 
succession fo llowing channel d rcdging. The importance of different colonizat ion 
mechanisms is discussed. The numbcr of spccies reCQvers raster than abundance and 
biomass, and recovery from dredging may lake as long as 5 years. Experi ments show 
the stock of colonizing species and the imm igration distance to be major struct uring 
facto rs in macrozoobenthic commun ity developmenl 

OceOllol. Acta, 1983. Proceedings 17th European Marine Biology Symposium, Brest, 
France, 27 September-I October, 1982, 27-32. 

Potentiel de reconst itution du macrozoobenthos après dragage dans des 
régions d'eaux saumâtres peu profondes 

La colonisa tion benthique après une perturbation mécanique a étè étud iée dans trois 
régions d'eaux sa umâtres, peu profondes, près de la cô te sud-ouest de la Finlande, 
dans le nord de la Mer Baltique. Un modeJe de colonisa lion annuelle aprés un dragage 
de sable suivi d' une période de stagnation est décrit en compara ison avec la succession 
continue intervenant après le dragage d' un chenal. Le nombre d'espèces se rétablit 
plus vite que l'abondance ct la biomasse ; il semble que la du rée de reconsti tution de 
l'écosystème benthique après dragage puisse atteindre ci nq ans. L'expérience indique 
que le nombre des espèces colonisa trices et la distance d'i mmigration so nt les pri ncipaux 
facteurs de structuration da ns le processus de développement d' une communauté 
macrozooben thique. 

Ocetll/ol. Acta. 1983. Actes 170: Symposi um Européen de Biologie Marine, Brest, 27 sep­
tembre- 1er octobre 1982, 27-32. 

Physical disturbance is known ta be a major factor in 
shaping ecosystems (Thistle, 1981), such as marine and 
estuarine benthic com muni tics (Bonsdorff, 1980 ; Sher­
man, Coull, 1980 ; Rainer, Fitzhard ingc, 1981). In 
several cases the disturbance leads to com plete des­
truction or the faunal comm unity, and a rccstablishment 
has to start from a zero point (M cCauley el al., 1 977~ 
Communi ty developmcnl is then primarily structurcd 
by the stock of colonizin g species, food supply. inter-

specific relationships (Wildish. 1977"; Santos. Simon. 
1980 a), and the struct ure of the sedimen t (Kaplan 
el al. , 1975). 

Recovery from organic cnrjchment has thorough ly 
been reviewed by Jernelôv a nd Rosenberg (1976), 
Pea rson and Rosenberg (1978) and Bocsch and Rosen­
berg (1981), and a general pa llern in succession has 
becn demonstrated. For colonizat ion fo llowing physica l 
destruction of the benthic communities no comp.1. rative 
studies have becn ca rried out, although experi ments 
with azoic sediment have becn perfo nned in several 

27 



E. BONSDORFF 

cases (e.g. Brunswig et al. , 1976; Grassle, 1977; McCall 
1977; Scheibel, Rumohr, 1979; Arntz, Rumohr, 1982). 
Case studies following the recovery from dredging or 
natural defaunation are few, and evalua tion is only 
seldom based on long-term studies (Rosenberg, 1977 a ; 
BonsdorfT, 1980 ; Santos, Simon, 1980 b; Santos, Bloom, 
198 1). 

ln this study recolonization of macrozoobenthos was 
studied during 4-6 yea rs following dredging and sand 
suctiOD at threc shallow, brackish wa ter localities in 
southern Finland, northem Baltic Sea. As a comple­
ment to these studies a colonization experiment with 
defaunated sedi ment was carried out in 1982. The aims 
have been to study the recovcry potential of physically 
damaged zoobenthic communities, and to detect sim i­
larities in differenl situations. Comparison is also made 
with data following organic poll ution (e.g. Pearson, 
Rosenberg, 1978). The investigated areas were illustrated 
in Figure 1) : 

1) Degersand Bay, Àland a rchipelago, where sa nd 
suction was carried out in 1976. Depth thus increased 
from 5- 12 m, resulting in periodica l oxygen deficiency, 
givingan annual colonizat ion pattern helow the summer 
thermoeline(at 10 ml, 

2) Ra isio Bay, SW Finnish main land, where a 8-9 m 
deep cha nnel was dredged in 1976 in a shallow bay 
(BonsdorIT, 1980 ; 1983), and 

3) Gloet Bay, Àland archipelago, where a small seale 
dredging was performed in 1978 to prevent natural 
enclosing of the bay (Blomqvist, 1984). SalinilY in 
ail loca lities ranges from 5.5-7.5 °/

00
, and tcmpcraturc 

from 0-20 oc. Thus the fauna is preadapted 10 envi­
ronmental stress (Jemelôv, Rosen lôv, 1976), and it was 
expected that recovery would he fasl 

Figure 1 
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The invesligali!d //Xtl/ilies in ,he S W archipl'lago of fin/and. NOr/hem 
Ba/,ie Seu . F _ Fin/und .. J _ Deger.fOnd Bay (S(md suclion 1976 ): 
1 - Raisio Bay (chunlU!! Jredging 1976) .. J _ Gloel Bay (snwll 
scale dredging /978). 
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MATERJAL AND METHODS 

Sampling and treatment of the samples was eondueted 
according 10 the recommendations given for the Baltie 
Sea by Oybern el al. (1976) with the following modi­
fi cations : in Raisio Baya modified Yan Yeen grab 
(0.047 m2

) was used along with a 0.8 mm sieve to allow 
eomparisions with previous studies of the a rea (Lep­
pakosk~ 1975), and in the o ther cases an Ekman-Birge 
box corer(0.029 m2

) was used along with a 0.5 mm sieve. 
ln the submarine sand pit (Ioeality l , fig. 1) samples were 
laken above (9 m) and bclow (12 m) the summer ther­
mocline. in Raisio Bay (Ioealily 2, Fig. 1) sam ples were 
taken from the dredged channel and the nearby recruit­
ment area (a bout 150 m off Ihe channel), and in GIOCI 
Bay (Iocality 3, Fig. 1) an inner and an ou 1er reference 
were used for samples from the dredged inleL 

The quality of the sediment was qualitatively dcscribcd 
by the ign ition loss (used as a rough cstimate of the 
o rganic content). The ignition loss was detenn ined as 
the differencc between the dry weight (100 oC, 24 h) 
and ashfree dry weight (500 OC, 3 hl, and is given as pcr 
eentage of the sediment. 

ln the experimental study JO boxes (30 x 40 x Il cm) 
filled with defaunated (deepfrozen) natural sediment 
were placed at the bouom at I.S m depth in Gloet Bay 
(Iocality 3) in May 1982, and recovered 1-2 limes per 
mon th. Simultaneously samples were taken from the 
surrounding sediment. The data presen ted here a re 
part of a larger experiment to be presentcd sepa rately. 

Recolon ization is described by speeies-abundance­
biomass (SA B) eurve,", a~ pre,"cntcd in Pea rwn and 
Rosenberg (1978), by changes in the size-frcquency 
distribution of Macoma baltlzica (L ), and by the Czeka­
nowski coefficient ofsimilarity (Bray, Curtis, 1957) : 

c ~ 2 
• 

where 

N" is the total numher of individuals at locality a, and 
Nb is the total number of individuals at locality b, and 
ni is the numher of individuals of spccies i. 

RESULTS 

Annual recovery from oxygen deficicncy due 10 sand 
suction 

ln Degersand Bay the zoobenthic community is struc­
tured mainly by the type of sediment (fine sand, ignition 
loss 0.5-3.5 % in the disturbed area, and 0.3-0.5 % in 
the reference area). and the fauna of the recruitment 
a rea. The natural community is dominated by Bathy­
poreia pi/osa Lîndstrôm, Pygospio elegans Claparède 
Macoma balthica, Prostoltla obscurum Schultze, and 
Nereis diversic% r O. F. Müller. Total abundance is 
high (6 000-9 000 ind/m2), species number ranges from 
10-1 5 (30 species have becn recorded), and biomass 
values are low (below 15 g wwtfm2

). Yarialion in com-



munit y composition is smalt, and changes are due to 
seasonal recruitment. In the disturbcd area hydro. 
graphical cond itions follow a dislinct seasonal pattern. 
A slrong Iherruoc1inc develops al 10-12 ru leading to 
oxygen deficiency al 11-1 2 m, th us defaunati ng the 
bottom. At 9-10 ru in thc sa nd pit a stable comruunil y 
has evolved du ring 1976-1982, enabl ing rapid, annua l 
rccoloni7.<1 tion of the deepcr parts (Fig. 2). when the 
Ihermocline breaks, and the bottom is rcoxygcnatcd. 
This primary recruitment pool has the same dom inance 
pattern as the outer refercnce (4000-6000 ind.jm2). 

At 12 m the number of speçÎcs follows the oxygen 
content of the waler (F ig. 2). giving an an nuai rccovery 
pattern wi th highesl diversi ly in carly summer, decreas­
ing towa rds latc summer. Si milari ty bctwcen 12 and 
9 m reaches 40-45 % in May, bul is reduced 100 within 
2-3 months. 

During initial recovery Macoma ba/Illica was Ihe mosl 
successfu l colonizer due 10 its rcsistance to pcriods with 
lowcred oxygcn sa turation, while mobile crustaceans 
and polychaetes accumulated above the thermocline. 
In the affected area M. bolillica does not seem to reach 
maturity, however, and is thus depending on annua l 
input of larvae. As the internai recruitment pool has 
bccome more complex, the annual colon iza tion of the 
dccpcst parts has become more di verse (Fig. 2). although 
thc a bundance is constantly much lower (in 1982 from 
1 200 ind/m l to 0 within two mon ths). The bcnlh ic 
community of the area afTected by the sand suction 
in 1976 is thus permanently altered from natural condi­
tions. 

Recovery following channel dredging 

ln Raisio Bay (mud, ignition loss 5·8 %) the macro­
zoobenth ic commun ity is a fTected by municipal wastc 
water, and dominated by Macoma ba/thica, Nerei.\" 
diversic% r, Coropllium volutaror (Pallas) and tubi­
ficide oligochaetes. Changcs in environ men tal condi­
lions are highly seaso nal, but only sligh tly modify the 
benthic assemblage. The initial recolonization was fast 
and dominated by N. diversic%r and oligochaetes, 
and lutcr followed by C. volutQtor and linally M. ba/Illica 
(Bonsdorff. 1980 ; 1983). As compared to the rccruitment 
urea variation in the SAB-parameters were consi-
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derable (Fig. 3). A peak În commun ity developmcnt was 
recorded two years after the dredging when 17 species, 
2270 ind./m2 and 129 g wwt/m 2 were round (mean 
values for the bay 1975-82 arc 10· 12 species, 8()()· 
1200 ind/m2

, 50-100 g wwt/m l
). Stabilization of the 

macrozoobenthos followed a decrease in speeies num· 
ber and abundance, while biomass eontin ued to rise 
another year( Fi g. 3). As compa rcd to the nearby rccrui t­
ment area the commun ity stabilized o n a somewhat 
lower level. This is partly ex plaincd by irregula r periods 
of low oxygen content (2-5 mg 0 1/1) at the dccpcr 
locality, which !eads to increasing mortality and flight 
of the fauna (Rosenberg, 1977 bl. 
Faunal similarit y (Fig. 4) between the dredged and the 
reference areas, howcver, show a peak value 5 yea rs 
after the dredging. Only 4-6 yea rs after dredging is a 
stabilization eviden t in sim ila rity belween these nea rby 
localilics ! 

The seemingly stable species composition (the S-curve 
in Fig. 3) shows considerable structural va riat ions. In 
carly colonization sorne species (e.g. Harmotlloe sarsi 
Kinbcrg, Halicryptus .vpinu/oslls v. Siebold and Ponto­
poreia aJJinis Lindstrôm) that had not occured in the 
a rea prior to dredging, were rccorded. Following the 
peak in recovcry in 1978 these species disappeared, 
presumably due to growing compeLition (new immi­
gran ts. as p) 'go.~pio elegall.". Pol)'(lora rel/eki Horst and 
Pros/omo ohscllrum, have bcçome more important 
inslea d). The numbcr of immigrating and cmigrating 
spccies is still considera ble (to 75 % of the species 
present can he exchanged between samplings), even 
though the number o f species is stable (10-1 2). Thesc 
changes were more denotcd at the dredgcd site Ihan 
in the surrounding environment. 

M acomo ba/thica is the main structuring 'component 
of the community, and CorophiulfI vO/II /alOr shows 
o pportunistic traits in that it bccomes abundant when 
its major compctitors are reduced in numbers. The 
population of M. ballllica showcd a rapid Încrcase in 
numbers.. biomass and age classes due 10 lalVa l settling, 
active and passive migra tions o f post-scttled juvenil es 
and adulls (Bonsdorff, 1980 ; 1983). Within two yea rs 
the population in the drcdged arca was similar in 
structure to that o f the referencc area, but in 1979 low 
oxygen saturation inhibitcd larval scttlingin thechanncl. 

-' ,r \,_- 1 
/' V""'~~ . L~.~_c..--;-'-----;.c;-, ~.~.L, ~-;---,, ~.c.,-' ~;--~,~.~. e ' , 1 5. , , • 1 
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Figure 2 

Long-/I'Tm chunJ(l's in Ihl' number,,! spuil'$ ( S ) und oxygj'" COn/l'ill ( mg O J I) III Il m dl'plh in Degt'rsund &,y . Arro'" indiClllts 111(' $(lml suc/ion . /978 
110 marrof/lUntl1 w mples "'l'Te IUkl'll . 
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Fi~ure 3 

Long-/",,,,, dwng(>j o/l11/lcro:oobt'ntlws in (he {/rtdgrd rhulI/ll'l of 1Wisio 
&1y. Arrl)K' indinlll'S Ihe fi.'rminUlion 0/ drl'dging . Numm-r of specil's (5 ). 
tolul ahuntl.Jncl' (A . j"d./ml ) und /olul biomusj (B. g !I·"'>'I/ml). Burs 
indicu//' ,hl' ,wmbe,~' nf immigruling (+. Q~n b.Jrs) <Inti emigra/ing 
(-. bluck buTS) SfH'C'iej bel""I!t'n $<Implil1gS. 
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Thi' (/el'e/opmellf of similarjly (Cukanowski's coefficient) IH't .... ·t'f!n 
Ihe d'I'dgl'd channel and thl' re!"r"n('f'area in Roisio Ruy 1976-J981. Ali 
$(,Implings CtJrr;ed OUI in Oc/obe,/No\'(!mbe, l'uch }'e(lr. Arro ... i"dical/'$ 
Ihe œrmlnlJllol! of d't'dging. 

From Novembcr 1980 onwards (4 years arter dredging), 
however, no significant dîfTerences ha ve been recorded 
between the two populations (BonsdorfT, 1983~ ln 
August 1982 growt h curves (mean îndividual length 
verstlS mean individual wet wight) were almost identical 
in the dredged channel and the reference sile 
(y = 0. 11 56 Xl .OlS, r = 0.989 ~'ersus y = 0.073 1 Xl . 181 , 

r = 0.998). Life history da ta fOf the individua l species 
are presenled elsewhere (Bonsdorff, 1980; 1983; and 
in prep.). 

ln Gloet Bay (mud/sand, ignition 10ss 2.5-5 %) the 
defaunated area was small (5 x 100 m), and thus the 
immigration distance shorl. Recovery was rapid, and 
the community established gained a composition inter­
mediate to the inner (littora l) and outer (su blittoral) 
recruitment pools. In July 1982 14 species. 9600 ind/m l 

and 69 g wwt/m l were recorded in the dredged area 
(outer reference: 12 species. 3 300 ind/m2

, 135 g wwt/m2
• 

innerreference : 14 species. 12 700 indJm 2,59gwwtfm2). 

Abundance was dominated by Coropllium )'o/ulalOr, 
Mlleoma ba/rhiea, Hydrobidae and chironomid larvae, 
and biomass totally by M. ba/rhiea (13-70 %). Full 
stabilization has not yet occured, as abundance and 
biomass have grown con tinuously. M . ba/lhica has a 
similar growth pattern to that of the population in the 
dredged channel in Raisio Bay, and an increased biomass 
ca n be expected, as maximum size (about 20 mm) 

, 

has not yet becn reached in Gloel Bay(Fig. 5). Thus even 
a small scale physical destruction of the infaunal com­
munit y demands sevenl.! years to full y reCover . 

Experimenta l commun ity succession 

Ouring an exposure period of 14 weeks colonizalion 
was rapid, and within one week 7 macrofaunal spccies 
were rccorded (Fig. 6). Two weeks later species number 
and abundance approached the surrounding sediment, 
but biomass was low (4 g wwtJm2). After 5 weeks a 
primary abundance maximum was noted, due mainly 
to massive Împorl of chironomid larvae (80 % of total 
abundance). The number of species reached the recruit­
ment pool within 8-11 wccks. Simultaneously M. 
ba/Illiea immigrated by settling larvae (5 000-6 000 ind / 
ml), and biomass of the com mun îty rose (Fig. 6). Thi s 
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Eswblishmenl of Ihl' nwcro::oo/)('mllic communi/)' in GIOf.'/ &'y ( I .S m 
di'plh) during /4 ... e~k.'ol f'.\paiml'mul e;o;pnsure (Muy·Seplem~r /982 ). 
Numlwr 01 sr;des (S ), 10/<.11 "bunduncl' ( JI . ind,lm )) unu lOla/ biomU55 
(B. g .. · .. ·llm J. Bars indiruli' tlli' numlwrofimmigr,,'mg 1 +. open burs) 
mu! emigruling (- . M'ck burs) speries dl/ring lm- communi/y SUCCeJ·JÎIIII. 



pea k in immigra tion was followed by a massivie immi­
gration of newly hatched C. l'O/ututor (11 000 ind/m2 ), 

which compensated for a rcduction in abunda nce of 
chironomids (90 % reduction) and juvenile M . balthica 
(40 % reduclion after settling). The numbcr of species 
a nd abunda nce values a re expected to remain stable, 
whereas biomass will cont inue to grow fOf a long lime 
in accordance with the rcsuhs from Gloet Bay. This 
expcriment shows Iha t the recovcry potential for 
macrozoobenthos is high followiog mechan ical dislur­
bancc, as a lso demonstrated by McCall (1977) and 
Shennan and Coull (1 980~ 

DISCUSSIO N AND CO NCLUSIO NS 

Comparing the diITcrcnt case studies, il secms evidcnt 
Ihat the rccQvcry potcnt ial of shallow brackish waler 
fo l1owing mechanical destruction is high. Recoloniza­
tion can he delayed or ahered by scco ndary elTects, as 
pcriodic oxygen depletion. GeneraUy the spccies compo­
s ition recovers faster than the interspecilic dominance 
patterns. Simon and Dauer (1977) round tha t major 
fauna l groups have d ilTerent colonizing strategies. 
T hus sorne polychaetes (as Nere;s d;vers;color) are able 
to in habi t a defaunated a rea rapidl y by active adult 
imm igration, whereas others (e.g. Mallayllnkia aestuarilla 
(Boume» arc slow colonizers due 10 their cntirely 
tubiculous lifecycle. Biva lves mainly colonize by settlin g 
larvae, and migra tions among the post-seltled. Oppor­
tunistic colonizatÎon behaviour is shown by Corophium 
l'olutator and Balhyporeia pi/osa. This may lead to 
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drastÎc oscillations in abundance numbers, as dcmon· 
stra ted expcrimenta lly by Arn tz and Rumohr (1 982). 

A shift from r - to K-stra tegists occured in Raisio Bay 
and Gloet Bay, where Maconltl ballhica, with a life span 
o f several years, slowly became dominant. replacing the 
typically short livcd r-stra tegists. 

ln Degersa nd Bay (Fig. 2) M . baltl/ ieu never spawns. and 
th us species with short life cycles (Pygospio elegans, 
B. pi/osa) domina te. Although initial recovery is ra pid. 
it may ta ke 5 years or more for a sha llow wa ter bcnthic 
community to stabilize, as shawn by the similarity 
curve in Figure 4. 

T he intensive experiment conducted con linns that the 
stock or colonizing species a nd the distance they have 
to move are of vital im po rtance in strucluring the 
macrozoobcnthic ecosystcm. These case studies and 
experiments, as weil as other sludies (Amtz, Rumohr, 
1982 ; t!leftheriou e l al., 1982) demonstrale the usefulness 
or recovery studies in trying 10 answer ecologica l 
problems a t population - and communi ly Icvel. 
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