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MIGUEL ÂNGELO PARDAL I 

JOÃO CARLOS MARQUES I 

IN~ METELO I 

ANA ISABEL LILLEB0 I 

MOGENS RENÉ FLlNDT 1 

IMPACT O F EUTROPHICATION ON AMPHIPODS Melita palmata 

AND Ampithoe valida lN THE MONDEGO ESTUARY 

Abstract 

The life cyele, population dynamics and production of Ampithoe valida and Melita 
palmata were studied in an intertidal mudflat in central Portugal. Sampling was carried 
out in eutrophicated areas, where macroalgae blooms of Enteromorpha spp. usually 
occur from January to early summer, and also in non-eutrophicated areas characterised 
as Zostera noltii meadows. Both amphipod species showed a contagious distribution, 
and the populations densities elearly changed during the study period along the 
eutrophication gradient. No migratory pattems were detected between the estuary 
and the sea, but dispersion inside the estuary might occur in these amphipods. Both 
species presented a two-generation life cyele involving a short-lived fast growing 
summer generation (7 months for A. valida and 4-5 months for M. palmate) and a 
longer-lived, slower growing generation that overwinters (9 months for A. valida and 6-
7 months for M. palmata).Along the eutrophication gradient no differences were found 
regarding the biology of the species. Besides these features, differences were observed 
between eutrophicated and non eutrophicated areas in regard to productivity. 

ln a certain extent, the increase of macroalgae biomass may favour these 
herbivorous amphipods populations, but extensive blooms affecting the whole area of 
distribution of these species will determine its disappearance. 

This Chapter ineludes new information and information already published in 
Marine Ecology Progress Series (2000, 196:207-219). 

Introduction 

Eutrophication appears to be a common phenomenon in coastal waters around 
the world.The replacement of rooted macrophytes by opportunistic green macroalgae 
(Chaetomorpha, Enteromorpha and Uiva) seam to be also a major feature in these 
ecosystems when they suffer from organic pollution. (Hickel et aI. 1993, Yeates 1993, 
Dijk et aI. 1994, Hartog 1994, Flindt et aI. 1997, Marques et aI. 1997, Rafaelli et aI. 1998). 

(I) IMAR - Instituto do Mar. Centro Interdisciplinar de Coimbra alc Departamento de Zoologia, 
Universidade de Coimbra, 3004-517 Coimbra, Portugal 

(2) BiologicaJ Institute, Southem Danish University. Odense, Campusvej 55, DK-5230, Odense M, Denmark 
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ln the south arm of the Mondego estuary. seasonal intertidal macroalgae blooms 
(mainly of Enteromorpha spp.) have been reported for several years (Marques et aI. 
I 993a. I 993b. 1997. Pardal et aI. 1993. Pardal 1998. Flindt et aI. 1997. Lilleb0 et aI. 1999. 
Martins et aI. 200 I) due to nutrient enrichment of estuarine waters (Marques et aI. 
1997. Pardal 1998. Martins et aI. 200 I). As a consequence. Zostera noltii beds. which 
represent the richest habitat with regard to productivity and biodiversity. have been 
drastically reduced in the south arm of the estuary. presumably out competed by 
Enteromorpha (Rafae II i et aI. 1991. Hodgkin and Hamilton 1993. Pardal 1998). 

Ampithoe valida and M. palmata are grazers that can be found on rocky substrata 
and on muddy bottoms. often in the presence of green macroalgae or macrophytes 
(e.g. Zostera noltil). Both species present a wide distribution but they received little 
attention (Borowsky 1983. Pardal et aI. 2000). Despite that there are just a few studies 
on the impact of macroalgae blooms on grazer amphipod species population dynamics 
(Drake and Arias 1995. Pardal et aI. 2000). 5uch knowledge may definitely contribute 
for a better understanding of dynamic processes related with shift in primary 
producers a usual phenomenon in European and north America coastal waters. 

Materiais and methods 

ln the south arm macroalgal blooms of Enteromorpha spp. have been regularly 
observed during the last 15 years (Flindt et ai. 1997. Marques et ai. 1997. Pardal 1998. 
Lilleb0 et aI. 1999. Pardal et aI. 2000. Martins et ai. 200 I). This is probably a result of 
excessive nutrient release into the estuary. coupled with longer persistence of nutrients 
(nitrogen and phosphorous) in the water column. Nevertheless. such macroalgae blooms 
may not occur in exceptionally rainy years (e.g. year 1994) due to low salinity for long 
periods. as a result of the Prarto river discharge (Pardal 1998. Martins et ai. 200 I ). 

The amphipods were monitored in the Mondego estuary during 18 months. from 
January 1993 to June 1994. 5amples were taken fortnightly at three different sites along 
an estuarine gradient of eutrophication in the south arm of the estuary (Fig. I). From a 
Zostera noltii meadow. up to a heavily eutrophicated zone. in the inner areas of the estuary. 
where Enteromorpha spp. blooms have been observed during the last two decades. 

Each time at each site ten cores (with a 141 cm2 
) were taken to a depth of 15 

cm and sieved through a 500 ~m mesh sieve. 
Amphipods were identified. counted. measured and sexed. Due to the difficulties 

458 in measuring Total body Length (TL) accurately in such a small organisms that are 
typically comma-shaped. an altemative and more accurate length was measured: The 
Cephalic Length (G) (measured between the extremity ofthe rostrum and the base 
ofthe head). 50 for both species an equation for G-TL conversion was determined (TL 
= -0.1355 + 9.4233*G, n = 262. r = 0.965 for A. valida andTL = -0.62503 + 9.8771 *CL, 
n = 323. r = 0.955 for M. palmata). Length-weight relationships were determined for 
production estimates. A single regression equation was determined for each species 
0N = 0.OOO85*G3.63 1. n = 95. r = 0.983 for A. valida and W = 0.00 I 96*G3.6535. n = 72. 
r = 0.966 for M. palmata ). 



Zostera noltíi meadows 

Eutrophicated area 

SOOm 

Fig. I. Location of the sampling stations along a spatial gradient of eutrophication in the Mondego estuary. 

For the detennination of sex we used the same methodology described in Pardal 
et aI. (2000, 200 I ). When broods were presento eggs were counted (to estimate the 
fecundity), measured and examined to detennined the development stage. Taking into 459 

consideration several similar criteria (Goedmakers 1981, Skadsheim 1982, Steele and 
Steele 1969, Marques and Nogueira 1991, Marques et ai. 1994, Pardal et aI. 2000) tive 
stages were considered: a) newly laid, eggs grouped and resembling a gelatinous mass; b) 
eggs well separated, intemally homogeneous; c) embryo comma-shape, pereopods 
starting to be visible; d) constriction of the comma dearly visible, appendages segmented 
and looking slender. eyes visible, cephalotorax orange-red; e) hatched and free juveniles. 

Ali the statistical analysis, conceming: a) population spatial dispersion; b) multiple 
regression models between the density and biomass of amphipods and biomass of green 
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macroalgae. salinity and water temperature; c) estimation of field growth rates; d) 
estimation of production (net production (P) and elimination production (E). were 
developed following the procedures and techniques explained in Pardal et aJo (2000; 200 I). 

Results 

Macrophytes and macroalgae biomass 

The Zostero no/di biomass exhibrted a clear seasonal variation. During autumn and 
winter total biomass depended essentially on the rhizomes. while during spring and 
summer total biomass increased due to the growth of leaves (Fig. 2A). 
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Fig. 2. Seasonal changes in plant biomass along the eutrophication gradient (A) Zostera no/tii meadows; (B) 
Intenmediate eutrophicated area; (C) Most eutrophicated area 



ln the inner areas of the estuary that corresponds to the most eutrophicated area 
Enteromorpho sp. exhibited a typical spring bloom in 1993. ln the end of June an algal 
crash occurred causing a severe impact on the macrofauna (Figs. 2, 3). ln 1994 no 
macroalgal bloom occurred because it was a very rainy year in central Portugal which 
increased freshwater discharges of the Pranto river that kept salinity low. Such 
conditions inhibit Enteromorpho growth, since salinity was below 10 9"00 for several 
months. 
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Fig. 3. Abundance of A. valida and M. pa/mata along the eutrophication gradient Zastera no/ti; meadows (A 
and D); Eutrophicated area (B and E); Most eutrophicated area (C and F) . 
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Spatial distribution and abundance 

Both amphipod species showed an aggregated spatial distribution in the three 
study areas along the eutrophication gradient (Elliot 1977). Population density of A. val
ido and M. palmata changed throughout the period of study but the variation pattem 
was not the same along the eutrophication gradient (Fig. 3). ln the most eutrophicat
ed area densities were consistently higher during the algal bloom. After the algae crash 
density of both species declined sharply and remained low, or organisms even disap
pear throughout the study (Fig. 3C and 3F). ln the intermediate eutrophicated area the 
variation in density was correlate with the variation in macroalgal biomass (r = 0.87, N 
= 26 for A. valido), but densities never reached so high abundances as in the previous 
case (Fig. 3B). With such low abundances most of the statistical analysis that we per
formed in the present pape r were not possible in this area. At the Zostero no/tii mead
ows, as a pattem for both species, the population density increased during summer and 
fali (1993) and also during spring (1994) (Fig. 3A and 3D). 

Stepwise multi pie regression analysis indicated that abundance (A) and biomass 
(B) of both amphipods in the most eutrophicated area was positively correlated with 
Enteromorpha sp. biomass (ENT), Grocilaria sp. biomass (Grace) and temperature of the 
water (TEMP): . 

A. valido 
ln (I + A) = 0.350 + 1.142 ln (I + ENT) 
ln (I + B) = -0.030 ;:' 0.030 ln (I + ENT) + 0.096 ln (I + Grace) 

M. palmata 
ln (I + A) = -4,633 + 0,660 ln (I + ENT) + 0,248 (TEMP) 
ln (I + B.) = -0,238 + 0,017 ln (I + ENT) + 0,012 (TEMP) 

ln the Z. noltii meadows only for M. palmata were found significant correlations 
between these population parameters and leaves biomass (LEA) and temperature of 
the water. 

M. palmata 
ln (I + A) = -3,784 + 0,660 ln (I + LEA) 
ln (I + B) = -0,88 + 0,007 (TEMP) 
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Fig. 4. Biological features of A. valida and M. palmata population. (A and C) Variation of females in different 
physiological stages in relation to the femaJe population; (B and D) Variation of ovigerous females in 
the total female population and of juveniles in the population. 

Reproduction. sex-ratio, and fecundity 

The A. valida and M. palmata populations were sexually active throughout the 
year in the south arm of the Mondego estuary. However, taking into consideration 
the percentage of ovigerous females over the total female population (Fig. 4), sexu
al activity was higher from late spring to late summer. The variation of the percent
age of juveniles in the population was clearly related to increases in recruitment of 
both species. 

ln A. valida and M. palmata females were usually more abundant than males 
overall, and no significant seasonal changes of this pattern were observed (Fig.5).The 463 
fecundity of females of similar size was quite variable, and, no correlation between 
the number of developing embryos and female size was found in any of the studied 
species. Measurements of eggs in different developmental stages (Table I) showed 
that, egg volume increase changes seasonally. For instance on A. valida an increase of 
361 % was estimated in summer, 452% in spring and 492% in autumn. It was also pos-
sible to recognise that for the same developing stage eggs' volume was greater in 
colder periods. while the average number of eggs per female was smaller (table I 
and 2). 
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Fig. 5. Sex-ratio variation during the period of study. (A) Ampithoe valida; (B) Melita palmata. 

Table I. Mean number (N) and volume (Vol) of eggs per female of Ampithoe valida, at 
development stages AB, C, D and E, in the Mondego estuary. 

AB C D E 
N Vol N VoI N Vol N Vol 

(mm') . {mm') (mm') (mm') 

Winter 18 0205 12 0,218 16 0,384 7 -
Spring 16 0,151 24 0186 18 0214 9 0,682 

Summer 11 0,155 - 0,170 - 0,167 - 056 
Autumn 6 0218 11 0232 - 0,233 - 1073 

-



Table 2. Mean number (N) and volume (Vol) of eggs per female of Melita palmata, at 
development stages A, B, C. D and E, in the Mondego estuary. 

A B C D E 
N V N Vol N VoI N VoI N Vol 

(mm') (mm') (mm') (mm') (mm') 

Winter 1,5 071 2,8 1,34 - - 8 1,57 2,5 3,46 
Spring 1 0,60 4,7 0,97 3,5 1,35 3,3 1,99 4,25 224 

Summer 3 0,98 3,8 0,96 2 1,35 2,5 1,58 17 282 
Autumn - - - - 2,5 1,26 4,5 1,89 1 363 

The difference in time between peaks of eggs in the first stage of development 
(A) and the last one (E), provided us an estimation of the duration of the embryogenic 
development quite similar for both species (Fig.6). During spring and summer the 
embryogenic development was faster (30-45 days) than in autumn orwinter (60 days). 
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Fig. 6. Proportion of embryos in different developmental stages. Seasonal estimation of the duration of the 

embryogenic development (A) Ampithoe valida; (B) Melita palmata. 

465 



466 

Growth and life span 

Size frequency polymodal distributions were analysed for recognisable cohorts, 
allowing in tirst place to identify significant differences in the population structure on 
the Zostera beds and in the most eutrophicated area. As a pattern for these two 
species, Individuais reached larger dimensions at the most eutrophicated area in 
comparison with the other two areas (z. no/tii meadows and intermediate 
eutrophicated areas). Nevertheless, in the first months the recruitment pattern was 
the same ali along the eutrophication gradient. Following the algae crash both 
populations disappeared from the most eutrophicated area and cohorts tracking 
became only possible at the Z. no/tii meadows. For instance, for A valida in January 
of 1993 three cohorts were identified, and six new ones were recognised during the 
study period (X2 and G not significant, P ~ 0.05). Minimum average CL of cohorts 
ranged from 0.327 (spring) to 0.397 mm (winter) corresponding to 2.946 and 3.606 
mm of total length. 

For both species growth was continuous through life (Fig. 7). Nevertheless, 
growth rates were higher during spring and summer and decreased during winter. 
Lower growth rates during winter were probably a function of lower temperatures and 
lower biomasses of macroalgae (food resources). 
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Fig. 7. Estimated growth (field growth data) of cohorts ± standard deviation of Ampithoe valida and Melita 
palmato. (A and C) Z. nolUi meadows; (B and O) Most eutrophicated area 

Life spans were estimated for A valida at 191 ± 30 to 238 ± 15 days for 
summer and spring cohorts and at 242 ± 30 days for the autumn cohort and for 
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M. pa/mata at I 20 ± 30 to 148 ± 15 days for summer and spring eohorts and at 
182 ±. 30 for the autumn cohort. Similarly, for both speeies the age at whieh females 
and males matured were lower in spring and summer eohorts than in the autumn
winter eohorts. Nevertheless, during the yearly eyele , males always reaehed maturity 
before females. 

Production estimates 

Length-weight relationships previously established (Pardal 1998, Pardal et aI. 2000) 
were used in production estimates in the most eutrophieated area and in the Z. no/tii 
meadows (Tables 3 and 4).Taking into aeeount the whole period of study. results clearly 
showed that growth productivity (P), elimination productivity (E) and the relations PiB 
and EiB were mueh higher in the Z. no/tii meadows. But in the most eutrophieated area 
during the algal bloom P. E as well as population density, were clearly higher than in Z. 
no/tii meadows (Tables 3 and 4). 

Table 3. Production estimates for Ampithoe valido at Z. no/tii meadows and at the most 
eutrophicated area taking into account different periods of time with different 
ecological conditions. 

P B PIB E ElB 
(g.m" time") (g.m') (g.m" time") 

Z. no/tii (18 months) 
Oanuary 1993 to June 1994) 0.635 0.106 5.988 1.316 12.41 

Z. no/di (13 months) 
Oanuary 1993 to February 1994) 0.409 0.112 3.646 0.853 7.603 

Z. no/di (13 months) 
(May 1993 to June 1994) 0.531 0.092 5.756 0.921 9.972 

Z. no/tii (3 months) 
(April 1993 to June 1993) 0.036 0.486 0.074 0.082 1.685 

Eutrophicated area (3 months) 
(with a macroalgal bloom) 0.411 0.343 1.20 0.945 2.758 
(April 1993 to June 1993) 

Eutrophicated area (4 months) 
(with a macroalgal bloom) 0.444 0.312 1.424 0.945 3.033 
(March 1993 to June 1993) 
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Table 4. Production estimates for MeNta pa/mata at Z. no/tii meadows and at the most 
eutrophicated area taking into account different periods of time with different 
ecological conditions. 

P B PIB E ElB 
(g.m' time") (g.m') (g.m-' time-' ) 

Z. no/tii (14,5 months) 
(April 1993 to June 1994) 0.473 0.063 7.561 0.767 12.26 

Z. no/tii (13 months) 
Oune 1993 to June 1994) 0.456 0.064 7.144 0.734 11.49 

Z. no/tii (2 months) 
(April 1993 to June 1993) 0.059 0.029 2.030 0.062 2.131 

Eutrophicated area (2 months) 
(with a macroalgal bloom) 0.496 0.397 1.248 0.683 1.720 
(April 1993 to June 1993) 

Eutrophicated area (4 months) 
(with a macroalgal bloom) 0.728 0.236 3.088 0.702 2.977 
(March 1993 to June 1993) 

Discussion 

Abundance 

For both species population density clearly changed along the eutrophication 
gradient as a result of the macroalgal annual dynamics, like observed before for 
Microdeutopus gry/lotalpa (Drake and Arias 1995). ln fact, in the most eutrophicated 
area, the occurrence of a macroalgal bloom in the first year prepared the conditions 
for the presence of large densities of A. valido and M. palmato. The algal crash, which 
acted as a catastrophic event (Marques et aI. 1997) and the non occurrence of an algal 

468 bloom in the second year had a strong effect on the population's density in the inner 
parts of the estuary. Consequently. since in the second spring (1994) there were no 
macroalgae habitats available, A. valido and M. palmata individuais seemed to occur only 
in the Z. noltii meadows. 

During the macroalgae bloom the population densities of both species were 
much higher than in the Z. noltii meadows in the same period. This may be related to 
habitat protection against potential predators (crabs, fishes and birds) and food 
resources (Greeze 1968, Duffy and Hay 1991), since they can feed directly on the 
algae. Next, during the algae crash, when anoxic conditions occurred, the amphipods 



population suffered a sudden and drastic reduction. After the algae crash the 
amphipods population was never able to recover since no food resources were 
available. On the contrary, in the Z. noltii meadows both species increased in number 
after the algae crash. A possible movement of adult individuais inside the estuary 
moving to avoid the extreme condrtions of anoxia, is the most probable explanation, 
together wrth new recrurtments taking place in this area. It seems therefore that both 
species have a large potential for dispersion inside the estuary. avoiding as much as 
possible stressing srtuations caused by macroalgae blooms in early summer. It seems 
reasonable to conelude that in a certain extent the development of macroalgae 
biomass favours A. valida and M. palmata populations, but extensive blooms affecting 
the whole area of distribution of this species will determine rts disappearance. 

Reproduction, growth and life cycle 

Data showed that females of both species almost always outnumbered males, 
which is a common feature in amphipod populations (Hastings 1981, Dauvin I 988a, 
I 988b, Marques and Nogueira 1991, Morrrt and Stevenson 1993, Covi and Kneib 1995, 
Sudo and Azeta 1996). 

ln our case embryonic development was fast but showed seasonal variations, 
from 30 days in spring up to 60 days in autumn and winter. ln coi der months the 
developing embryos (in fewer number) present larger volumes, which allow to 
optimise chances of survivorship since they contain higher nutritive reserves. Such 
volume increase was higher than the one observed by Moore and Wong (1996), 
although they were similar to the ones calculated by Marques and Nogueira (1991) for 
Echinogammarus marinus. Moreover, in spring and summer sexual maturity was reached 
at smaller sizes in comparison wrth autumn cohorts, which agrees wrth previous 
observations on other amphipods (Moore 1991, Powell and Moore 199 I , Sudo and 
Azeta 1996). 

Summer and spring growth rates were much higher than during coi der months. 
This was also observed for other amphipod species in temperate areas (Hasting 1981, 
Dauvin I 988a, I 988b, Franz 1989, Marques and Nogueira 1991 , Urtto and Sarvala 
1991, Drake and Arias 1995, Wilson Jr. and Parker 1996), and growth rates estimated 
by us were similar to other species at the sam e latitude (Ali and Salman 1987, Marques 
and Nogueira, 1991 , Drake and Arias, 1995). 

Like other amphipod species, A. valida and M. palmata are semi-annual with 
short-lived spring and summer generations and long-lived autumn and winter 469 
generations (Moore 1981, Powell and Moore 1991, Beare and Moore 1994, Sudo 
and Azeta 1996). 

Both species appeared as r strategists, wrth rteroparous females, multivoltine 
cyeles, high individual fecundrty and recrurtment ali over the year. This is the most 
common pattem in epifaunal species (van Dolah 1980) from physically controlled 
communrties according to the stability-time theory (Sanders 1969). ln environmental 
stressed systems like estuaries we should expect the evolution of opportunistic 
adaptive strategies to take place. 
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Production estimates 

Taking into account the whole period of study P (growth productivity) and E 
(elimination productivity) as well as B (standing stock) showed significantly. higher 
values in the z. no/tii beds than in the most eutrophicated area Nevertheless. this 
difference does not reflect the entire reality. ln fact we must look carefully to the 
dynamics of the two areas. ln the most eutrophicated area for a short period (during 
the macroalgae bloom) P. E as well as B were higher than in the z. no/tii meadows.This 
means that during the macroalgae bloom the most eutrophicated area was clearly the 
preferential habitat for the Amphipods probably due to resources availability. 

The results clearly suggest that A. va/ida and M. pa/mata population dynamics and 
spatial distribution may change as a function of environmental changes through 
adaptative behavioural mechanisms. Nevertheless. it appears that macroalgae may 
represent mainly a good additional resource for population with a stable habitat like Z. 
no/tii beds. But the macroalgae mats by it self can not sustain stable populations of 
amphipods due to its own dynamics. A conclusion would be that the total replacement 
of Z. no/tii by macroalgae mats would negatively affect this kind of grazers. 

The present results suggest that these species may play a more important role in 
the trophic dynamics than we might expected from their standing stock biomass. As 
pointed out by Fredetle and Dias ( 1986). our data show that in warm shallow marine 
habitats relatively low biomass of benthic invertebrates can result in large production 
estimates (Kalejta and Hockey 199 I). 

As a whole. in the Mondego estuary. although macroalgae seem to be favourable 
to amphipods populations. if we look to the following effects of the algae crash it is 
reasonable to conclude that more extensive blooms. affecting the whole area of 
distribution of the species will on the contrary have a strong negative impact and could 
imply its disappearance. 
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