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1. Intro duc tion

The Water Frame work Direc tive (WFD, 2000/60/EC) has set 

a new approach to the man age ment and mon i tor ing of water 

resources, aim ing to achieve a “Good” eco log i cal sta tus by 2015 in 

all Euro pean water bodies (i.e., the val ues of the bio log i cal qual ity 

ele ments for the sur face water body type should show low lev els 

of dis tor tion result ing from human activ ity, devi at ing only slightly 

from those nor mally asso ci ated with undis turbed con di tions (Vin-

cent et al., 2002). This direc tive estab lishes a frame work for the 

pro tec tion of ground wa ter, inland sur face waters, estu a rine (=tran-

si tional) and coastal waters (Bor ja, 2005), whose main objec tives 

are: (a) to pre vent fur ther dete ri o ra tion, to pro tect and to enhance 

the sta tus of water resources; (b) to pro mote sus tain able water use; 

(c) to enhance pro tec tion and improve ment of the aquatic envi ron-

ment, through spe cific mea sures for the pro gres sive reduc tion of 

dis charges; (d) to ensure the pro gres sive reduc tion of pol lu tion of 

ground wa ter and pre vent its fur ther pol lu tion; and (e) to con trib-

ute to mit i gat ing the effects of floods and droughts. Accord ingly, 

all EU mem ber states are required to assess the Eco log i cal Qual ity 

Sta tus (EQS) of water bodies, and in tran si tional waters (=estu ar-

ies) the mea sure ment of bio log i cal integ rity will be empha sized on 

phy to plank ton, mac ro al gae, ben thos and fishes.

Tran si tional waters are of great impor tance for the fish fauna, 

play ing a vital role by pro vid ing nurs ery hab i tats, repro duc tion 

grounds, ref uge from pre da tors and migra tory routes (Haed rich, 

1983; Elliot and McLu sky, 2002; Ca bral et al., 2007; Mart in ho et 

al., 2007a,b). Nev er the less, these sys tems are being sub jected to 

high envi ron men tal pressure due to anthro po genic forc ing, such 

as eutro phi ca tion, overfi sh ing, bank rec la ma tion and gen eral envi-

ron men tal deg ra da tion.

The use of fishes as indi ca tors of envi ron men tal change has 

recently gained atten tion (Whit field and El li ott, 2002), with sev eral 

authors devel op ing mul ti met ric tools in order to assess the estu a-

rine eco sys tem sta tus for the fish com po nent at var i ous  lat i tudes 
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(e.g. De e gan et al., 1997; Bor ja et al., 2004; Har ri son and Whit field, 

2004; Bre ine et al., 2007; Coates et al., 2007). In addi tion, stud ies 

of pop u la tion dynam ics, food-web orga ni za tion and struc ture of 

com mu ni ties have been more suc cess ful than sin gle spe cies bio-

as says at pre dict ing the effects of multiple stresses on bio log i cal 

sys tems (Schin dler, 1987; Plaf kin, 1989; Dol beth et al., 2007a). The 

use of indi ca tors pro vides the pos si bil ity to eval u ate the fun da men-

tal con di tion of the envi ron ment with out hav ing to cap ture the full 

com plex ity of the sys tem (Whit field and El li ott, 2002), and accord-

ing to the WFD guid ance, the eval u a tion meth ods for the fish com-

po nent should take in account both aspects of com po si tion and 

abun dance of fish spe cies.

Extreme cli matic events, such as floods or droughts are increas-

ing in fre quency world wide (Mir za, 2003), and as a con se quence, 

river dis charge into many estu ar ies may be affected (Gle ick, 2003). 

In the Mond ego River basin, a severe drought occurred in 2005, 

and was clas si fied by the Portuguese Weather Insti tute (http://

web.meteo.pt/clima/clima.jsp) as the worst drought of the past 60 

years. As a result, the decreas ing pre cip i ta tion and run off induced 

changes in the estu ary’s plank tonic and fish com mu ni ties, with an 

increase in typ i cal marine spe cies dur ing the drought (Mar ques et 

al., 2007; Mart in ho et al., 2007b). Since the imple men ta tion of the 

WFD by EU mem ber states will be a con tin ued pro cess in time, to 

cope the var i ous meth od ol o gies with cli mate insta bil ity is a key 

issue for the suc cess of such an ambi tious and prom is ing direc tive. 

Within this frame work, the objec tives of the pres ent work were 

to com pare the results obtained by the meth od ol o gies devel oped 

by De e gan et al. (1997), Bor ja et al. (2004), Har ri son and Whit field 

(2004), Bre ine et al. (2007) and Coates et al. (2007) for deter min-

ing the Eco log i cal Qual ity Sta tus of tran si tional waters using fish 

data, and to eval u ate their responses in dif fer ent cli matic sce nar-

ios, namely in the pres ence of an extreme event (severe drought).

2. Mate ri als and meth ods

2.1. Study site

The Mond ego estu ary is a small inter tidal sys tem, located on 

the Atlan tic coast of Por tu gal (40°089N, 8°509W) (Fig. 1), where 

approx i mately 1072 ha cor re spond to wet land hab i tats. In its 

ter mi nal part, it com prises two arms that join near the mouth, 

sep a rated by an allu vium-formed island (Mur race ira Island). The 

north ern arm is deeper (aver age 10 m dur ing high tide) and is the 

main nav i ga tion chan nel and the loca tion of the com mer cial har-

bour. The south ern arm is shal lower (2–4 m dur ing high tide) and 

water cir cu la tion is mostly depen dent on the tides and on the 

fresh wa ter input from the Pran to River, a small trib u tary sys tem. 

For fur ther detailed infor ma tion on the Mond ego estu ary’s char-

ac ter is tics see Te ixe ira et al. (2008).

2.2. Sam pling pro ce dures and data acqui si tion

Fish sam pling was per formed monthly from June 2003 to 

August 2006 (except in July, Sep tem ber, Octo ber, Decem ber 2004 

and July 2006, due to tech ni cal con straints or bad weather con-

di tions), using a 2 £ 0.5 m beam trawl with one tick ler chain and 

5 mm mesh size in the cod end. Sam ples were col lected dur ing the 

night, at high water of spring tides and in 5 sta tions through out 

the estu ary (Fig. 1). At each sta tion, three tows were car ried out, 

cov er ing at least an area of 500 m2 each. All fish caught were iden ti-

fied, counted, mea sured (total length) and weighted (wet weight). 

Bot tom water salin ity and tem per a ture were mea sured after fish-

ing took place.

Hydro log i cal data was obtained from INAG, Portuguese Water 

Insti tute (http://snirh.inag.pt). Monthly pre cip i ta tion (from 
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Fig. 1. Geo graph i cal loca tion of the Mond ego estu ary and the five sam pling sta tions (A–E).
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