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A bcnthic sampling programme was carricd out in 1985/ 1986. in wimer and 
summer, in order 10 characlcrize the intertidal communi ly structure in the 
Mondego cS luary (Portu ga l) . Echinogammarus mt/Titiu s (Amphipoda. 
Gammaridae) was considcrcd a kcy species in the algal-covered arcas, and was 
particularly assoc iated with FuCIIs spp. A study of ils life cycle. populat ion 
dynamics and production was therdorc carried OUI. 

E. marinus showed a contagious distribution, and the population density changed 
scasonally, with maxima during spring and summer. No migratory patterns were 
delected between the cstuary and the sea, bUI migrations Însidc the eSluary might 
occur. Growth was continuous Ihroughout life. al though growth rates were higher 
du ring the early phases. and females were morpholog ica lly recognizable al 
smallcr sizcs than males. In addition, males becamc larger than females. 

Females reached sex ual maturity before males, producing a succession of bmods 
throughout the remainder of their life. Fecundi ty incrcased with the size of 
females. Life span was estimated to bc ten 10 Iwelve monlhs. but females showcd 
hi gher mortality rates Ihan males. Th is was probably duc to higher costs of 
rcproduction. possibly responsible for a dccrease in female survival. 

Although sexual activity was conlinuous throughout the year, with an increase in 
spri ng and summer. recruilment was discontinuous. ln the Mondego estuary E. 
marinus is semi -annual , with threc or four genermions per year. Reproduction 
through the year, itcroparous females, hi gh fccundity, and a mu ltivoltine life cycle 
revealed an r adapti ve stralegy. 

Production of E. marinus in the algul cover of FI/eus spp. was estimated. Growth 
production (P) ranged from 6.36 to 8.808 g.m'2 year l of ash-free dry we ighL 
(AFDW) (76.16 LO \05.48 KJ.m'2.year-l) and eliminatinn production (E) from 
6.33 to 11.44 g.m'2.year-1 (AFDW) (75.84 to \37.04 KJ .m-2.year- I). PIB ratios 
ranged from 6.1 to 6.3 and E ratios from 6.28 ln 7.89. Thcsc rcsu hs rcÎnforce the 
generalized notion Ihat estuarÎcs urc highly productive systems, and renect thc 
important role of Amphipods in Ihe produclivity of habitats colonizcd by them. 

Oce(ll! o l og;ca A Cla. 1991. Proceedings of the International Col loquÎum on the 
environ ment of epicontinental seas. Lille. 20-22 mars 1990. vol. sp. n° Il , 213-223. 

Biologie, dynamique et produc tion d'Echillogammarus marilllls 
(Leach; Amphipoda) dans l'estuaire du Mondego (Portugal) 

Pour caraçtériser la structure dcs communautés ben thiques Întcrti dalcs dc 
l'cst uaire du Mo nde go (Portu gal ), des pros pec tions o nt é té réa li sées e n 
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INTROD UCTION 

1985/1986. en hiver et en été. Echillogalllll/arlH !I1arilllH (Amphipoda. 
Gammaridae). en fonct ion de sa di stribution ct de son abondance. a été consideré 
comme une espèce-clé dans les peuplements algaux. sunout en association avec 
Fucu.\" spp. La biologie. la dynamique et la production de celle espèce ont fait 
['objet de ce11e étude. 

E. IIIII/"illll.5 présente une d istribution de type contagieux ct la densité varie lOut le 
long de l'année. les valeurs m.aximales ayant été trouvées au printemps ct en été. 
Il n'a pas été possible de montrer l"exis tcnce de migrations entre l'estuaire et la 
mer. mai!-o il esl possible que des migrations à l'intérieur de l'estuaire puissent se 
produire. 

La croi ssance eSI continue lout le long de la vic: clic e st toulefoi s plus fone chez 
Ics ju véniles. La différenciation sex uelle est aueinte plus tôt chez les femelles : 
cependant les mâles aneigncnt des tailles supérieures. 

Les femelles aneignent la maturité se:wel le avant les mâles. et libèrent une 
succession de portées penda nt le reste de leur vie. La fécond ité augmente en 
fonction de la taille des femelles, La longévité ne dépasse pas dix à douze mo is. 
Le.~ taux de mortalité sont néanmoi ns plus fort s chez les femelles. en relation 
probablement avec J'effort de reproduction, qui provoque une diminut ion de la 
longévité chez les femclles. 

L'activi té sex uelle est conti nue toul le long de l'année. avec un max imum au 
printemps ct en été; cependant le recrutement s'effectue en cohortes successives. 
Dans l'estuai re du Mondego. E. marinus est semi-ann uelle. avec trois à quatre 
générations par an. La reproduction continue. Jes femelles itempares. la haute 
fécondité et un cycle reproducteur de type multivoltin semblent correspondre à 
une stra tégie adaptative de type r. 

La production de E. marillllS dans le peuplement de ruCII.'· spp. a été calculée: 
production neUe (P) de 6.36 il K808 g.m-2.an-1 de poids sec décalcifié (AFDW) (76. 16 
à 105.48 KJ,m-2.an- l) et production de transfert (E) de 6.33 il 11.44 g.m-2 .an- t 

(AFDW) (75.84 à 137.04 KJ .m-2.an- I). Les Pro estimés sont compris entre 6.1 ct 6.3. 
el les entre 6,28 et 7.89. Ces résultaiS renforcent la notion générale que les estuaires 
sont des systèmes de haute pnx1uctivité. ct traduiscll t l"il ll lx)rtallCt: des amphipodes 
dans la production des hahitats qu' ils habitent. 

Oceww/ogica Acta. 1991. ACles du Colloque International sur l'environnement des 
lIlers épkontincntales. Lille. 20-22 March. 1990. \ '01. sp. nO Il . 21 3-223. 

A benthic sampling programme wa s carried out in 
198511986. in the winter and s umm er period s . to 
charac terize the intcrlidal commu nit y structure in the 
Mondego est uary (Marq ues. 1989). Amphipoos appearcd 
tO have a very imponant rote in the studied communit ies. 
in bot h hard and son bOIlOlllS. Data analysis showed that 
only 18 of the 105 identified species had a relevant role in 
the observed structure (Marques el al .. 1988; Marques, 
1989). Of these spec ie s. four (22 %) were Aillphipods 
(Echillogalllll/arils marinus. Hyale slebbillgi. uplOcht'irt/J 
pilosils. and ""fefita l'a/mata). which thercfore appeared as 
a group or primary Îlllponance. E. mar"'11/~' (Ganunaridae) 
with an exte nsive di stribution and lIbundance in rock y 
habitats. was considered a key species in Ihe algal covered 
habitat of rIfCII.~ !-opp. 

Broodbakker. 1980), and consequently very weil lIdapted 
to life in eSluaries. Its known d istribution extends from 
Norway to the coast of Ponuglli. and sOllle s tudies have 
already been carried out on different aspects of its biology 
and ecotogy (Maren, 1974; 1975 a: 1975 b: Pinkster and 
Broodhakker, 1980: Skadsheim. 1982). Neverthele ss. ilS 
biology and production have been poorly in vcstigated. 
T herefore. II study of the life cycle. popul ation dynamics 
a nd production or th is species was carried OUI. from 
OClOber 1985 to Septclllbcr 1987. 

MATER IAL AND METHODS 

Study site 

The Mondego estuary. on the western COllSt of Portugal 
(Fig. 1) is a Wafll1-temperale coastal ~yslcm in a regio n 
with a ba .~ ic all y Mcdit e rrane an te mpe rate cl imate . It 

E. mar ill/lS is in fact strongly euryhaline . ablc to suppon 
lo ng c me rsion pe ri od s ( Do rge lo. 1973: Pink ste r and 
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comprises two anns. nonhem and southem (Fig. 1). wilh 
vcry diffcrcnt hydrographic characterislics. The nonh ann 
is deeper. whi lc the soulh ann is al must si hed up in the 
upper zones. which causes the fres h water to flow 
esscntially by the nonhem ann. Circulation in the southem 
urm is mostly assured by tide s and the usually 5mall 
freshwater input of the Pranto river. In addi tion. due to 
di ffe rences in deplh. the penetration of the tide is fas ter in 
the nonhem ann. This causes dai ly changes in sali nity tO 
he much stronger. whercas daily tempcrature changes arc 
greuter in Ihe southem am} (Marques. 1989 ). 

Wilhin both anns of the eSluary hard substr,ues arc covered 
primari ly by FI/CIlS spp .. which constitutes an eu lino ral 
macroalgae beh. These hard subslrulcs urc csscntiull y Ihe 
resu lt of hu man occupation (e. g. harbour facilities. 
aquaculture farms. salt~works). and ex tend present 10 at 
lea st 60 % of Ihe margi ns of the Monde go eSl uary. 
representing an imponant ponion of Ihe intenidal area. 

From prclim inary sarnpling. E, lill/rif/ifS abundances were 
expected to he high in Ihis hubitut. p:mieularly in the suuth 
urm . Mureove r. high de n si lies o f the species usuall y 
depend on Ihe immediacy of mud bouoms. Examinution of 
Ihe pupulation dynamics o r 1::. !1Iar;mu in th is estuary. 
whic h is the sou thern Il mit o f il S known di str ibu tion 
(Marques. 1989). and Ihe compurison wilh data from other 
locations should provide an opportun il Y to analyze the 
int raspecific life-history variation nf a gumrnurîd alung u 
lalitudinul g radient. In addi,ion, it s ho u ld pe rmî t 
estimation of production of <ln irnponant warm-temperale 
estuarine spccies. 

F ield prOJ,: ra mme 

To USloess populalion dYllumics and field growth rates a 
sche<\ule of rnomhly field sampling in three stalions (Fig. 1) 
in Ihe southem ann was established. for a two-year pcriod. 
from Octoher 1985 to Septembcr 1987. The location of the 
smnpling stations rcllected the 'lbundancc of E. m(/rilllf,~ in 
the soulhern arm, and the selection of poi nts accessible ail 
the yeur round. Although thi s sampling pcriodicity mighl bc 
insufficient (Fredetle and Diaz, 1986 li). due 10 logislic 
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Figu~ 1 

Th" Mtmd"go ".rtUlIf)': location tif th" Sllmpling 5/1ltiUl' l ' 

irr t/." 50utlrf'n. ",.", 

L'estuaire du Mondego: locali sat io n dc~ ~ tat ion .~ 

d'échanli1lonna~e d~,,)s le bras ~ud . 

constrainlS it was not possible 10 sample more frequent ly. 
Samp li ng was conducled at low tide, which raci lilatcd 
access ta Ihe sampling sites. Nine replicate samples were 
taken randomly each lime. Each sample was obtained by 
scraping the rocky surface wocre the algae ..... ere allached. In 
addi tion. the superfic ial 1 cm sediment layer around the 
rocks, ullder the algae l'ronds, was also col1ected to reduce 
escape of organ is ms, The salllp ied surface was o rt en 
irregular. Thus. the aTea was cstimated by projeeling its 
shape on 10 a sheet of polye th y lene. whic h was late r 
weighed (l he bigge st replicate was 0.2334 m2. und the 
smalicsl one was n.()93 m2). Samplcs (algae plus sediment) 
were prcserved in 4% buffered formalin . and later poured 
into a 0.5 mm mesh bag for sieving, Gi ven the sizc of newly 
hatchcd juveniles. Ihis mesh should retain ail ind ividuals. 
The specimens were then kept in 70 % cthuno1. The values 
of salin ity. tcmpcrature. di sso l"ed oxyge n. pH. nitrites. 
ni trates, and phosphales of Ihe water were delennined on 
cuch site. For thi s purpose. water samples were oblained 
from puddles near the algae . For the estimation of culorie 
contents fresh samples werc obtai ned scasonally. In thi s case 
the organisms were kept a/ive up 10 the laboralory. und 
subsequenlly frccze-dricd. 

Labora lo ry procedu res 

Amphipods were counted . • md the cephalic lengt h (L) was 
me:lsuTed 10 Ihe ne.lrest 0.02 mm. Since the bodies are 
comlll:l-shaped. total length (L ) is not :1 very convenicnl 
stulldurd ln judge age and growlh. On the olher hand . the 
cephalic length (L ) (measured belween Ihe eXlrcmi ty of 
Ihe ros trum and the ba se of the head) is ca s ier to 
determine. Thus. a sample of 90 individuuls (22 mules. 20 
fcrnales. und 58 juveniles) we rc measured for both lengths. 
in o rder to provide a conversion "lUlU ion : LT = - 1.2 11 995 
+ 10.668509 Le (r = 0.(86), 

The determination of sex was b.ised on Ihe presence or 
absence u f uos legites and/or brood s (fe ma les). and of 
genit:ll papillne (males), Animais wi thoul Ihese re:lluTcs 
were considercd 10 he ju"cnilcs. Maturity of non-brooding 
fe males was deterrnined by the presence of setac on Ihe 
IXlstegiles. Whcn bnxxJs wcre present. eggs wcre counted 
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10 c :;limalc thc fec undily. measured and cxa mined 10 
de ler min e the developrnent slage . Taking into 
con~idera tion several ~i mi1ar criteria (Goedmakcrs. 1981: 
Skadsheim . 1982: Sleele and SIee le. 1969). fi ve slages 
werc cons idered : a ) ncwl y laid. eggs grouped and 
resembling a gelatinou s mass: b) cggs weil separated. 
internall y homogenou s: c) embryo co mma- shape and 
init iation of pcrcopods already v i ~ ible: d) constriction of 
the comma clea rly vis ible. appendages segmented and 
looking slender. eyes visible. cephalotorax orange-red: e) 
hatched and frce juveni1cs. Thesc may stay for some days 
in the brood pou ch. parti cularly if co ndition s arc 
unfa vourab1c. Sillcc egg~ bccame oval in shape during 
dcvclopmel11 . an average of thcir 1c ngth and width was 
taken as measurement of thei r size. 

Measurcd amphipods wcrc then dried al 60°C for 72 h and 
wcighed to the nearcs! 0.0 1 mg. Pcrccntage of ash WOl S 

assessed arter hellling samples for 3 h at 550°C. In both 
cases, smal1 amphipod.~ wcrc pooled to obtain measurable 
values. Calorie contents (expressed in Joules) of wi nter, 
spring, summer. and autunm popu lalions were delermined 
with a Newham microbomb calorimctcr. 

Data analysis 

Abundance of amphipods in Ihe algal covers was relaled 
both to sampled arca and algal density (FrcdeLte and Diaz. 
1986 a: Marques. 1989). To adjusl Ihis potential bias. the 
aigae werc scpamted rrom Ihe samplcs. dried al 60° C. and 
weighed 10 determine biomass. A moving average (using 
prim, present. and followi ng dates) was applied to Ihis 
value. This decreascd the \'ariabili ty bctwecn interval s and 
gave belle r eSlim ates of the algal standing stock . The 
values were then uscd 10 eSlimale amphipod abundance by 
muhiplyi ng A (numher of arnphipods per gmrn of algae in 
cach sample) by Il (mean grrulls of algae per square metre 
on a sample date). 

An index (1 = S2/X; 52 is the variance of abundanccs: is 
Ihe mean abundance: Elliot. 1977) was use to analyse the 
population spatial dispersion. 

Multipl e regress io n model s for E. maril/Ils were 
developcd, abundance. sex-ratio, percentage of ovigerous 
rem ales. rec undi ty, and pcrccntagc of ju"enil es in the 
population be in g co rre lated with the env ironmental 
parameters. The fi ued regression model s were ex pressed 
as: 

Y' = a + btX t + b2X2 + ... +bKX),: 

Y' - arc the value~ of a g iven dcpendent variable (e. g. 
abundance) predicled by the equation: 

X l, X2 .. ·X ~ - arc indepcndent variables (e. g. salinity): Ihe 
solutions arc Ihe estimatc or the rcgres~ion coefficients a. 
h" b2 ... b\,:. The signilicance of fitted regressions was tested 
by using analy~ i :. of variance techn ique (F). and Ihe 1 tes! 
for the regression coefficients. as dcscribed in Edwards 
( 19H5). T he mode ls were fitted with dala by Ihe leasl 
squares melhod and normal cqualion .~ were ~oh'ed by the 
matrix in\'er.~i{ln method. 

Growlh rates werc c:. timated by Iracking recogni zable 
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cohons with sil.c-rrequency distributions (0.02 mm length 
classes) from success ive sampl e dales. Size-frcqucncy 
modal analysis was done by using Ihe probabililY paper 
mcthod (Harding, 1949) as pcrformed by Cassie ( 1954: 
1963). The reli3bility of Ihe mclhod wa." teslcd by using the 
G test IP :$; 0.05 (Fisher. 1950: Sokal and Rohlf. 198 1»). 

Growlh rates arc not conSlant throughoul the year. Thu!>. 10 

express fie ld growlh raIes. we used a model thaltakes into 
consideration seasonal changes (Gaschlz el al .. 1980), 
expressed as: 
Lt = L- fi, e,rkD tl . (0) + C tkDnlt) sin 21t (l, \)1 1 tm 

Lt: Icngth Or the organism at a given moment 1: 
L-: maximum possible lcnglh of the nrganism: 
t: given instant : 
10: instant when the organism would have a length = 0: 
ts: time interval hetwcen growlh slart (when t = 0) and the 
firsl growth oscillation: growlh is ex pressed by a sine 
curve which the pcriod is one year: 
k: intrinsic growth rdte: 
C: conSlant. which the values can change from 010 1: 
0 : paramcters that expresses melabo1ic dev imions from 
the VOJI Oenalanffy 213 rule. 

Production estimates wcre based upon cohon recognition. 
Growlh inc rements o r production inc rements (P) and 
dimination production (E) wcre ca1culaled with a melhod 
derived from Allen (197 1). as describcd in Dauvin ( 1986). 
Approximate val ues of P and E for each cohon during a 
time intcrval arc cxprcsscd a:.: 

P= [(NI +N I + t)l2 J · (WH 1- WI) for WI+ 1 > W, 
E= [(\VI +WI + 1)/2J • (Nt - NI + Il for NI >NI+ 1 

N: dcnsity or the cohon in each sample date: 
W: mean individual biomass in cach sample date; 
1 and t + 1: consecutive sample dates. 

TOlal values (lf r llnd E ror cach cohon are exprcsscd as: 

1 :: 0 

P = L [(NI+Nr + 1)/2J .6. W 
'.0 
,. " 

E = l: I(W,+W" ,)1216 N 
1 ::0 

Total values of P and E ror Ihe populalion arc cx pressed 
as: 

N 
P = L Pcn ,., 

N 
andE=L Eçn 

"" , 
Pen and Ecn are Ihe growlh and climination production of 
the cohort JI . 

PII3 and EJB ratios wcre detennined. 8 (mcan population 
biomass) is expressed as: 
_ N 

B= ( lml (8",) ,., 
T: period of m ldy: 
N: numbcr of successive cohons in Ihe period T: 
Il n mean biomass of the colloTln : 
1: duraI ion of the cohon n. 
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RESULTS 

Population structure 

Ablllulance, spmia/ disper.\·ion 

E. II!cuilllu' showed :J cOnlagious d istribution in the alg .. l­
covered h:lbitats of Films spp. (the values of 1. calculated for 
each group of nine repli ca te sample s. we re al ways 
significanlly higher than 1). Total abundance was lower 
from OClObcr 1985 \0 June 1986 [han in the following 
period. In addition. it showed a d ear seasonal variation. with 
maxima during spring and summer (Fig. 2). Inlerannual 
diffe rences of abundance were importan!. In addition . 
abundance was quile variable bctween sampling sites. which 
might be due 10 the occurrence of migrations inside the 
estu:Jry. alth ough the avai lable data arc not co ns istent 
enough to demonstrate this. On the other hand. taking into 
consideration data from outside the cstuary (Rosa Lopes and 
Marque s, in press) . it wa s not poss ible to detec t any 
migralory patterns between the estuary and the sea. 

Period of reproduction 

The E. mllrillli S population wa s sexua ll y acti ve 
throughout the year in the Mondego csluary. However. 
taking into consideration the percentage of ovigero us 

femules ove r the total femalc population (Fig. 3). sexual 
aClivity was higher from early spring (March/April) to 
the middle of summer (August). and then decreased unlil 
carly winter (December). A slight increase was observed 
in January 1986 and 1987. rollowed by a ncw decrcasc 
unl il the spring population bloom. In February/March 
1986. scx ual activity almusl ceased . The variation of the 
pcrcentage of juveniles in the population (Fig. 3) was 
para ll el to the ov igcrous females variation. Thus. the 
higher abundances in spring and summer were c1early 
re lated to an incrcasc in recruÎtment. In addition . sexual 
acti vilY was less intense in Ihc winter 198511986 than in 
19861198 7. which might expl a in lo wcr abundance s 
during winter and spring 1985/ 1986. 

Sf!x' fCI/iu 

The sex-rat io almost al ways ravoured fema les (Fig. 4). 
Nevcrthcless. maxima in the male proportion occurred in 
JanuarylFebruary and AprillMay. in 1986 and 1987. and in 
August 1987. These maxima wcre norm:lll y followed by 
increa ses in the pe reenlage of females al scxual rest 
(oostegites present. with or without setae. bul no broods) 
(Fig. 4). This was probably due to higher mortality rates of 
older females after laying eggs in winter. spring. and in 
summer (al least in 1987). Thus. males appcared to li ve 
longer Ihan femalcs. 

Figure 2 J.BUNDJ.NCI (ln4 / _ 2 ) 

"" Abundnncr .Y/riut;"" f ront Octobr~ 1985 /0 SrJ!lrmbr~ 1987: 
glubal .'tl/ur .f (mran ()f ail sampln} (CL} u.w'1.lun f()~ tac" 
.wmpling Slation (sIal;"" /. slaliun 2. IIa/;on J) art g;.w •. 

V.ri.lion de l'abondaoce d'oc lobre 1985 l SC:p!embn: 1987: 
Le s valtu rs &lobales (moyenne dc:~ pré lèvements) (CL) Cl les 
vu1turs ooncemanL chaque station (station 1. slalion 2. stalion 
J) :;unt dnnnée~. 
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FiguI'C 3 

\1I rlaritJl'! 01 Ih,. /",rr,.lI/lIg" of m'igarnls ft":nl(l/u in ,",, 10111/ 

f ,."",/" ""pul,or;o" (% 01'} ,,,,d rif ,",, pnrt ",ag,. of jlll,,.,,lIn 
1" Iht' l'OP,,/(l/Iol/ ( % J }. lm", OClIJhtr 1985 10 S"/llcmbt' r 
/ 987. 

Vari~lion du pourcc ntagc de feme lles ovigères par nippon au 
tOl~1 de: feme lles (% OF) cl du pourcentage Oc j u,"é nilcs dans 
la population (% I ). d'oc~obœ 198j 11 IIC'ptemhrc. 1987. 
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------------------
SEX-RAno ''''''') 

\,,,,tlllIlII nflh~ su·mrto /IIrd of Ilrt' IH'rrt'm(l~t' nffemult'S;II u 
slMt' of um/ll f"t'Sllf/O.rltJ(ilt's prt')enl. "'1I1r or " 'lIlu)rt1 st""'. 
bM fUI broods ('l- FSRJ/, fmm Or",/)f'r 1985 IQ St'(J/I'mbt'r 

1987. 

VanulltJl\ du M:~·rati ...... t du pourcenlage de femelle .... n rep(» 
sc..:ucl 1oo<lcgilc< a\".:c ou ,al" ~k~. pa~ d'oeu '-. {'N FSRJI . 
d· .... ·lobre 1985 à <cplemhrc 1!l1I7. 

1.' 

o., 

100 

20 

o 0 
o M D J P' W.1W2 A W. 1 J .4 S O M D J P' W. .4 W. J J .4 s 

FeclI/ulùy 

Th e fec und it y of fema les of s imilar sizes wa s quil e 
variabl e. A sign ifi c:ant correlati on was found belween 
numbcr of cgg.~ (NE) withi n the brood pouches and size of 
remalcs. The fitted regressions werc: 

Stage A: - NE = - 46.936 + 55. 122 Le 
(80 fema1cs: r = 0.8220) 

Slage B: - NE = - 3].570 + 44.662 Le 
(257 females: r = O.561:S4) 

Slage C: - NE = -31.421 + 41.222 4: 
(HZ females: r = 0.6239) 

Stage 0 : - NE = -33.673 + 39. 153 Le 
( 15 1 femalcs: r =O.55(0) 

For th i:. purpose we did not take inl o cons iderati on 
embryos in stage E. thm can fr<..ocl y gel in and OUI of brood 

Table 2 

MONTHS (1965 / 1967) 

-- SE)[-RAnO ~ (XP'SR) 

Table 1 

~il"m lliamfltr untl slI/mllml dt"';OI;OIr nf t'ggs or dt'I"t'lapmt'fIll1ugt's A. 
B. C. alld n .fc>r E. marinus ;lIllw MmrJl'go nlllal)". 

Diamètre moyen CI db'ial ion . ' ~ndard dn oeufs dans les t lau de 
dé~doppcm ... nt A. B. C CI D. pôur f:. mllri .. ,,:> dan~ 1" .. ~lua;rc du 
Mondego. 

Stage 

A 

B 
C 
1) 

nhllnclcr (mm) 
Melin ± stllndard dcviat ion 

0.5 12 t 0.OJ9 
0.537± 0.032 
0.613 t 0.025 
0.695 t 0.029 

"'"Mph' "'g"'~'l";OIr II/o i/d<for E. murlnus: IIblllll//lllt·(" ID). l'n··f(j I;Q. p~trt'III"~I' (Jf ol'lxrrfJllS f(" /lI(I II')' ;/1 tl,,· //J1U1 fi'/llillp /IIlplllmillll (c.t 0 1'/. Il' ''''''/I/(I/1e 
of JUI·t'IUIt'! ;I! tilt· IJOpltlll/;OIr /'h J). 1"1/1 f('(ml/liry {N" ! 11Tf" "orrdUl"d ... itl, $alit,;/\· (SAI.). "''''pt' f"fI llln (T). "iH'II"c'd 0 ,.,81'11 (oxrGI. pH. "ilritt')· {"''TI!. 
lrilf"fllt'J (NTAI. /11111 phoJ{lhllll'J (l'I IOSI. R: IIlIllripl" It'glus;"" rMlficil' lII)·. \~II<It·)' Qf ~;8"ijirmlrt' turs (,.- a"d Il a", Xil"l'lI. 

M~lcs de re!i!re.~~ion mu tr iple pour 1:. IIIW;II/IJ : l'abondaoce ( 0 ). le ~1·ralio. le pouro: .. ntagc de f~me]/<!.'> o,·igèrc~ par rapport au lotal Oc femelles ("l­

OF). le poun:cmage de ju,·tniles dan~ la fIOP\Ilalion (OK J) .. I la fttOOldÎlt (NE1501l1 rapponé~ a"Cl' la ..:lImite.' (SAL). la lempénllo", rI'). r01ygè~ dis)o(MJS 
(OXYG). leplL b nitriles (~'TIJ. ks ni, rates (~'TA ) el le. pho!,phate~ 1'11051. R : coefficienls de n:gn:~sion mulllple. La "aleur< des ICSl~ ~igniflÇalir~ {l' 
el Il som donnoX~. 

Multiple regrn,ion mode!_ (dcgrt."i:~ of fn:.:dorn: 66 in Ihe nUllleralOf; 73 in,he dcnomlQ~turl. 

SA I, T OXYG pU NTI NTA 1'!lOS ~\'Y' F 

D 0.(1)] 0.250 0.365 0.411 · 0.212 0.068 - 0.092 . (I.un 0.51OJ 4.673 
l\I ~ IcYrcrnales 0.000 - 0.207 0.365 0.307 0;002 ' 0 .. 11\1 -O.flO..I - 0.J5 1 0.2\153 1.996 

',0.,,1 0.002 0.180 (1.007 0. 155 - 0.037 O .... - (1.107 .0.068 0.2282 1.573 
..... t: 0.028 0.237 0.180 - U.IN 0.122 0.145 - O.NO ·0 .. 136 0.4812 4.143 

Valoc~ of, for lhe l\"!i!re~<lon çoerfiçlem, (66 degret" of ft('('"dom) 

SA I. T OX\'G pH NTI ~TA l' II0S 

" 1.l!87 2.996 3.378 1 .\I2.~ 0.573 0.727 I).~ISI 

~ l al esffem~les 1.4 II O.O.~O 2.268 0.014 2.407 0.032 1.096 
\O J J.203 2.02\1 1.211 0.296 0.648 0.751 0.J93 

<;,~ OF 2.084 0.203 0.960 0.633 0.848 0.975 0.616 
Nt: I.nll 1.456 0.997 1.01SS 1.196 l.ggo 2.665 

218 



ECH/NOGRAMMARUS MAR/NUS IN THE MONDEGO ESTUARY 

pouches. LoSI of eggs during development werc therefore 
eSli mated as 28 %. which might be duc 10 inc:ompJcte 
feni lization. disease. parasilÎsrn, or other accidentai causes. 

Since Amphip od s have syn chroni zed embryoni c 
developmem. a il the eggs in a given brood pouch arc 
nunnally at the same stage. Measurcmenl<; of eggs (Tab. 1) 
showed thm , during de velopment, the)' increase 36% in 
mean ovular diameter and 84 % in volume. Since losses of 
eggs werc "" 28 %, an inercase of 32 % in the brood pouch 
vo lume mighl be enough tO a llow the observed 84 % 
augmentation in eggs volume. 

The influence of salinil)'. lemperalure. dissolved oxygcn. 
pH .nîlrÎles. nitrales and phosphates in the water on 
abundance. scx-ratio(percentage of ovigerous females. 
pcrcentage of juveni les in the popu lution. and fecundit )' 
was analysed (Tab. 2). 

Abundance was positi vely correlated with lempcraturc and 
di ssolved oxygen (P s: 0,05). As organisms wcre sampled 
al low tide. highcr concentrations of ox)'gcn in Ihe waler 
might have favoured higher abundances of E. 
!IIarimu. During emersion periods. howevcr. 
organ isms dcpe nd essentiall )' on water 
retention. In addit ion. higher abundances in 
sprÎng and summer arc probably related 10 

high er lemperatures. and an in crca se in 
recruilmenl. Higher tcmperatures. effectively, 
de termine shoTi e r pcriods of embr)'oni c 
developmenl (Borowsky. 1980). 

~ 10 

~ , • • • , 

• , 

The sexual aCli vity. measured b)' the 
perecntage of ovigerous fe malcs. wh ich is 
obviously re lated with the percentage of 
juveni les in the popu lation. was pos iti vely 
correlated with salinity and lemperature. Thi s 
ex plains the increased abundance in spring 
and summer. 

g 10 " 

'j : 
• 

i ' · , 

.. , 

' U 

rccogni lion , and there fore on sampling peri odicil Y. 
Maximum meall Le of cohons mnged fro m 1.86 10 2 mm 
(18 .621020.13 mm total length). The biggesi male had 2 
mm Le (20. 16 mm LT). and the biggesi female 1.86 Le 
( 18.63 mm LT: Fig. 7). 

Field growlh raies were cstimated from the mean sizc or 
rccogni1.able cohons. Growth was found to he continuous 
through life, although growth mtes were higher in carl)' 
phases. Mean life span was estimated at 338 ± 29 days 
(confidence intcr val: P ::;; 0.00 1). that is 10 say ten lU 
twel ve months. 1·lowever. as menti{)ned carlÎer. males live 
longer than fcntales. 

A growth model (GOlschÜlz el al.. 1980) was used on data 
from cohorls 1 n. 13. 17, and 21, firstl y recognizcd in 
autumn, winter.spring, and summer sample dates (Fig. 8). 
ln ail cases a decrease in growth rate corrcsponding to the 
winter period bccomc cvident. This dccrease was probably 
10 lower metaboli sm caused by lowcr tcmpcraturcs. and 
alsa to less availablc nulnents. 
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The sex-rat io WOlS positi vel)' corrclatcd with 
the pe rcen t age of di ssolved ox yge n, and 
negalively with the ni trite conccntr.ttion . This 
might indicate thal males are Jess loJerantthOln 
fcmales 10 water dcoxygenalÎon and to higher 
concentmtions of nitri les. 

~ 10 

J • l ' '*-Y 14 ,.". .. ~ 1 N_706 N_.o12 ' N_!in 

The number of cgg s pCT fema le \Va s 
negatively corre lated with the concentration 
of phosphat es in the wat er. Allh ough 
co nce ntration valu es were al wa ys low 
(maximum wa s 0 .0 86 mgll). thi s mi g hl 
indicalc a negative influencc of this par.tmeter 
ovcr fecundit)'. 

(;n)wth and life span 

Si1.e-frequenc)' distributions werc analysed for 
recognizable cohort s (Fi g. 5 and 6 ). In 
October 1985 wc identified ten cohon s. and 
thirty ncw oncs were recognized during the 
study period. Minimum mean Le of cohons 
ranged rrom 0.315 100.487 mm (2.1510 3.98 
mm Lor). This might have depcnded on the 
numbe r of day s from hatching 10 cohort 

,:: : ta 10 ~J~ ~ .. ': t.:'u 
1 :,1.1.~~~~~~"", l.L:~:;~U~'~"~~~"~'~:~~~' ~~~~' • .'~~~'~~~'~'~'~ 

17 __ 

lU o.. 1.0 ... 
Le (mm) l e (mm) 

Figu~.'I 

.'ii~1"'II"t'lCY distrib" ti"" <ifEchiooganlmarus m:lrinL/i i" 1/0(> Murnltgu rSIUllf)~ 
fmm Ocw/wr 1985 III Nr/l"tmhu /'lM. N: " " mbt-r of mt 'lSu rrd i"di l'M.m ls: 
~'h" dm" rd a"as i"dic(lIt "d,tro"s feint/In; urro ... s i" dku!t mtm, ctplU/lir 
ItllRlh IIf l/1II """,IHrr.,f CQho(I~' ur groul's <if m /wns. 

1Ii~lOgmrnc.~ dc rreqL/cn.ce des das!oC's <k tongueur d'I-;'-I,i,wsrmUlI(,r"J' mar;1U1J 
dan ' l'cs lUaire dL/ Mo ndcgo. d·OC loor.: 19 8.'1 ~ no\"emhrc 1986. N : nombre 
d'ind i\" idus rncsu ré~ ; les p~nie5 JI!c illes des hi,logr~rnes eorrcspondc:nl aL/.l 
Feme lles L/\"ib-ên:s. 
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Siu1"qr' l'ncy din,ibulilH' lIfEchinO&ammlr\l\ marinus III Ihr Mmrdl'JW 
nlu{rr~'.lro", nl'{' l'l1lbu /986 fO St'p/ t'lIIbu f91:J7. N: IIumh", 01 
11ll'/Ullfttl Il rJiL'i.ltwls: slwdo"'l'tI (l,nu ;",!iC/IIt ,,,,igul!1lJ Il'"wlrs: 
Arro",J Im/kmr me/Ill C'eplm/k {l'Irglh of l/rr "umhurd colwrt~ or 
group" 01 coItOr/J. 

H i~lograme_~ de fri'lUCrlCe des C"las'iCs de longueur d·l:."chillogurrlm"ru,· 
muri"uJ dan< rc<ru:lITe du MI)I1<1ego. dl' dtccmbre 19t\t. 11 <cplcrnlm' 
1987. N : nombre d'i ndh' idus mesuré~ : les panics pleine < <le. 
hi<lOgrame, c~~p .. md~nr aux femelles o,'jgin,. 

Figure 7 

Gm ... rlr 01 c,,/ru", or groups 01 
CO!rOr!.l (1IIl'{1/I ('rJI/wlic 1"lIgllr 
'II/Iul/lnl dr";III;mr).lmm Oc/uber 
/985 II! S"I'/I'm/lrr IWO. A: /(Jwl 
Img//r: 8: ('rphllli .. 1t"lgllr. 8roJ;1'1I 
linl'J inlliralt' pmbah/r l'I·lI/mimlS. 

, 

Males were recogn izab1c with 0.86 0.06 mm Le (Slandard 
7 devialion) and females with 0. 79 0.04 mm LC (7. 95 
0.66 and 7. 25 77r 0.42 mm LT). i. e. wilh a minimum of 9 
10 11 ;Ind 8 ln 10 week s respectively . Thus, »ex ual 
dirrcrentiat ion seems to occur earlier in fema les Ihan in 
males. although this could all.o he duc to higher growth 
Trl1 CS in male». 

Ure cyck 

O v igero us fe male s were pre sent in Ih e population 
throughout Ihe year. with maxima in spring and summer, 
and !herefore juveniles were always an important element 
of the popu lalion. The smallest seven ovigerous females 
h;rd 1. f 2 0 .074 mm Le ( 10.68 0 .8 mm LT). whi ch 
cOTTesponded 10 an age of fourleen tu ninetecn wecks. 

Percentage of ov igerous females in cach cohon (Fig. 9) 
was dctermined from size frequency analys i ~ (Fig. 5 and 
6). Wc estirnated that each female ean have a minimum of 
three and a maximum of six or scven broods (iteroparous 
females: se mi -annual species). Therefore, lhrec or fo ur 
gc nerat ions per year occ urred in the Mondego eSlUary 
(multi vollin life cycle). 

Production estimates 

Lcngth-weight relations in each senson were nOI different 
on lhe basis of an analysis of variance and a t test (P ~ 
0,05). Thus. the emire data sel was combincd 10 provide a 
single regrcssion expresscd as: 

W = 1.5929 · Lc3.9344 (W - ash-free dry weight) 

Microbomb combustion of 941 ind ividuals showed that 
juveniles had calorie contents slightly inferior to adul l<t ( I I 
KJ/g AFDW). In addi tion. females have calorie contents 
hi g her th an males ( 12. 3 and I l. 5 KJ g-I A FDW 
respecti vely). Growlh produclion (P) ranged fro m 6.36 10 

8.808 g. m-2.ycar· l of ash rree dry wcight (AFDW) (76.16 
to 105,48 KJ .m·2.year· l ) :rnd e liminat ion produclion (E) 
from 6.33 10 7 11.44 g. m-2.yem·- 1 DOW (75.84 to 137.04 

C roissance de \ eohoTles ou 
gruupe~ de coho,'e< (longue ur 
céphalique mo)'enne <lr'viarion 
srandard) d'oc tohre 1985 ~ 

~ cptcrnbre 1987 . A : longueur 
rotale : B : lonllucur céphalique. 
l..c< rirer. indIquent tk_ évolution< 
prulMbk<. I •• ••• •• _-_ ••••• ~-

u n 
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Figun: 8 

Gruphic odjusl"'l'nl 1'/11.1' gra""lh cun ... s 01 cohnrts 10. 13. 17. 
OIrd 11. Volul's of mt'an ' t ngllr t'SI;mnled for t'ach /J;I'I'II ;11:.111111 

arl' alsn plot/ed. A. : 101111 le" glh: 8 : Ct'phrr/k 1t'1IJ11h: r: 
corft'Imion /H""UIf Ihe alljuslt'd t'un't's und Ihl' plofll'd '·olul'J. 

Aju~cmcnt graphique des courbes de croissance des cohortes 
10. Il, 17 e l 21. Les valeurs de 1 .. longueur ct!phaliquc 
moyen!le caleu l~ pour chaque: instanl sonl aussi signalées. A : 
longueur lotale : B : longueur e~phalique : r : corrélai ion emn: 
'c.~ courbes et les valeu rs si g nal~s. 

Figureq 

A.nol)'sis of Jt!:cuol aCli"iry: Tht! COtllnbulions uf Ilot' ft!/rU,It'J of 
tarh cohorl or l'OUP of cuhuru arl' ;ndic:olt'd. Big 
conl, ibul ion: moft' Ihan 20 'l> of lotal o l'igerollJ femoles; 
"'t'Jium con/nbalion: fm", 10 ln 10 'l>: JmnU comribul;OII: lus 
lho" 10 'l>: ? i"dicolu a pouiblt' cOtrtribu/ion, 

Analyse de l'activité sexuclle : les contributions des femelles de 
chaque <."uhorlc ou groupe de cohortes sonl indiqu~e s. Big 
contribution : plus de 20 du 10lal de rem~lIc s ovighes : 
contribution moyenne : <.k: ]0 li. 20 %: small contribut ion: 

muins de ]0 %: '? ~VIltribution pos.~iblc. J. 
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with max ima in spr in g and sum mcr. d ue to a n 
increase in rccruitment. It was no] possible to dctcet 
any migratory patterns bclwccn the Mondego eSlUary 
and the sea, Thi s does not agree wilh the observations 
of other authors (Pinkstcr and 8roodbakker, 1980), 
and therefore this type of migration might depcnd on 
part ieular environmental eondi lions of eaeh eSlUarine 
system. Ncvenheless. migrat ions insidc the csluary 
may oçeur. although the avai lable data are insuflieicnt 
[ 0 co nfirm ]his. Thus, dcs pit c th e s igni fica n] 
co rrelat ion ro und betwee n ab undan ce a nd 
temperature. and sali nit y, which is consistent with the 
observed seasonal variations, there is a probabil ity 
that changes in abundance in caeh s ile mighl nOI 
dcpcnd only on population blooms. but also on any 
migratory pattems. a. .. ohservcd for Ecllinogammaf!lJ' 
bcrilnni (Goedmakers. 1981). 

• '" ...... , " .. <><>01 '1' .. . .. ,,~. ' 0 01 

Growth is continuous lhroughoUI Ihe li fe. Females 
arc morphologically recogni zablc and reach sexual 
ma tu rÎt y be fore ma les. and then produce a 
succession of broods during the rest of Iheir lire. In 
ad d it io n. fec und ity increases wit h the s ize o f 
fe males, Allhough bolh males and fernales survived 
fo r al most a year. feroales showed higher mortality 
rates. and therefore males li ved a li ttle longer. as 
obscrved in severa! Gammaf!ls spccies (Slee le and 
Steele. 1969; 1970). This was probably due 10 the 
int ense scx ua l aC l ivi ly o f fc ma les a nd the 
consequent phenotypic costs of reproduct ion. Th is 
mi gh l have cau sed li dec rease in fe rn aie parenlal 
survivaJ . ns obse rved for exa mpl e in Gallllllaf!ls 
lawrcllcilll/!/s (Steele and Steele. 1986). 

• • . ........ . . co ....... . .. .., ... . . .. .. , , 
, , , , 
1 • • J • •• jJ . i 

.IITlS(II U / II11 1 

KJ .m-l.year"). PIS ratios ranged rrom 6.1106.3 and 
mtios rrom 6.2810 7.89. 

DISCUSSION 

E. marit/us showed a conlagi ous distri buti on and the 
popu lation abundance showed clear scasonal variations, 
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The seltual acti vity was continuous Ihrough the year. wilh a 
clear incrcasc in spring and summer. bUl rccruilmcnt was 
found to be discontinuous. The recognition of new cohons 
was depcndcnl on sampling periodicily and on the relenlion 
of new ly hatched juvenilcs within brood pouches. The 
rc lease of j uveniles mi ght be relalcd with spring tides. 
whcn survival condilions might bc max imizcd. 
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Wilh regard to life cycles il is commonly accepled thm the 
reproductive patterns of Gammarids evolved in relatinn 10 

envirnntn('nlal cOllstraims (Steele and Steelc. 1975: Wildish. 
1982). In the Mondego el>luary. which is the southem li mit 
of hi, known dis tributioll. E. marill1/5 is ~cmi -annual. with 
Ihree or four generation~ per year (multivoltine life cycle). 
Olhcr population~ of Ihi s spcdes show very diffcn:nt lire 
cydc~. re spectÎvely univoltin in Dcnm ark. in a cold­
lemperate 10 sub-polar climale (Skadshcim. 1982). and 
bivo1tin in Normandy. in a marilime lemperale climale 
(PÎnksler and Broodbakker. 1980). 

Assuming lhal Ihe o thcrved lifc cydes are evolulionary 
~Iabl c (Maynard Smith. 1974). we must condudc thal 
Gammarids ca n have la rge intra~ pec ifi c variati ons in 
reproductive patlern~. Thi s feature might h:lve an 
important mie in marine Amphipod spcciation. In addition 
10 reproduction Ihrough oui Ihe year. ilcroparous fcmales, 
high indi vidual fecundity. and a l1Iulti voltine life cycle 
re vcaled an r adaplive sira lcgy of E. 1II11rillla in the 
Mondego eSlu ary. Th is is 10 be expcctcd in a warm ­
temperatc eSluary with physically eOlllro lled communitie~. 
and when:: opponunistic strategies normally occur. 
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BOlh growlh produclion (P) and cli minalÎon production 
(E). when comparcd wilh values found in Ihe lileralure 
(e. g. Birklund. 1977 : Carrasco and Artos. 198-1: 
Dau l'in. 19880: 1988 b: 1988 c: 1988 d: Fredctte and 
Diaz. 1986 b: Hastings. 198 1: MUller and R o~cnbcrg. 

1982: Va n Senli S and MeLachlan. 1986» COIn be 
conside red 10 bc clel'atcu . Data on E. /IIa,.inll .~ 

production from Ihe Mondego reinforces Ihc gencral izcd 
nntion of cst uaries as highly productive systems. It also 
reflccts the important mie of amphipods conccming the 
product ion of h:lbÎtats eolonizcd by them. 
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