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Abstract

A reduction of inflow to the Guadiana River on the border between Portugal and
Spain may directly contribute to the degradation of fish habrtats. Changes are expe-
cled to the spawmng behaviour ol Lrgrowdis encrasicolus adults, to the migration
palterns of larvae in the estuary, and to the catches of (ishenes o the lower part of
the river and adjacent coastal areas. Spawning of £ encrasicolus occurs in the lo
wer parl of the estuary and in the adjacent coastal arcas. However, high abundances
of larvae b ¢ been registered 1o the middle and upper parts of the estuary, the mosr
productive region of the estuary, that with the estuanne bty masioum (ETM)
In a year of normal inflow, such as the hydrologic year 987 - 1988, some relention
of larvae ocgumed in s area. lHowever, in an abnormal hydrologic year with a
low inflow {1999-2000), and with an increase in freshwater inflow dunng the
spring munths, a disturbance to the nugration pattern seeins 1o have affected the su-
rvival of larvae i the estuary. High river inflow, probably associated with an tnere-
ased inpul of nutrients, appears to have an important and posilive effect on adult
numbers, hecause anchovy fishery catches in the adjacent coastal area inereascd
under these conditions.

Key words: [nflow variability, fish cgps, larvae and adulls. habitat changes, An-
chovy, Engronlis encrasicolus

I. Introduction

Freshwater inflow is one of the most influen-
tial factors affecting faunal community structure
and function in lagoons and estuanes worldwide
(Sklar, Browder 1998). Extensive development of
the Guadiana esluary basin, on the border between

Portugal and Spain, over the past century has
resulted in significan: alterations to river flow re-
zimes and to anthropogenic nutrient enrichment.
Construction of the Algueva Dam, a water body
with a potential area of 25 000 hectares, is imumi-
nent, and this will pose problems for the mainte-
nance of water quantily and quality in the Guadi-
ana estuary. Moreover, the fisheries in the coastal
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will probably be affected. Until recently,
tiver systems have often been regulated by engi-
neering prioritics, without consideration of the
ecosystems that might be affected. However, inte-
gration of the dynamies of the three principal
companents — catchment, water and hbiota
should ideally delenmine the management target,
which is the maintenance of a homeostatic equi-
librium, as measured by indices of biodiversity,
water quality and quantity (Zalewski er al. 1997).
The aim of this study was 1o analyse popula-
tion changes in Engranlis encrasicolus (anchovy)
in terms of ¢gg and larval abundance, larval mi-
gration patlerns in the esluarine area, and adult
abundance in the adjacent coastal arcas. These as-
pects were related to inter-annual variabglity in
freshwater inflow in the Guadiana esluary,

2. Materials and Methods

The estuary of the Guadiana River is located
i the Mediterranean region, on the border be-
tween Portugal and Spain (Fig. 1). Its catchment
lasin s the fourth largest in the Iberian Peninsula
(total area 67 500 km?). For this study, the estuary
wis divided inlo three parts: upper, middle and
lower. The upper part is mainly freshwater. The
middle part of the estuary is a salinity transition
zane (oligohaline conditions), in which the Estu-
anne Turbidity Maximum (ETM) is usually lo-
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middle and lower) and migration palterns of Engraulis

Fig. 1. Sampling stations, sub-areas {(upper,
encrasicolus in the Guadiana cstuary

L

cated. The lower part is the marine section of the
csluary.

Fish eggs, larvae and environmental pa-
rameters were sampled and measured monthly at
L} stations in the estuary during 1987-1948,
19961997 and 1999-2000 (hydrologic years mun
from October o September), Waler lemperature
{*C), salinity {PSU — Practical Salinity Units) and
depth (m) were measured using a conductivity-
temperature-depth (CTD - Condutivity-Tempera-
ture-Depth) device. Turhidity was determined by
Secchi dise visibility measurement and by collee-
tion of water samples {using Nansen bottles) to
determine the concentrations of suspended par-
ticulate mater in mg dm”. The phytoplankton
density index was measured based on concentra-
tions af chlorophyll g, using fluorometric analy-
sis of acelone extracted samples (Welschemeyer
195 ).

Horzontal, sub-superficial tows for collec-
tion of fish larvae were made at a constanl speed
of 2 knots and ata depth of 1 m using a conical net
(0.37 mby 1.60m, 0.5 run mesh) equipped with a
[low meter. Samples were preserved in 4% buff-
cred (pH &) formaldehyde solution for later iden-
Lification, which was done using a binocular
microscope.

Adult anchovy data were extracled from of-
ficial fisheries data for 1990-2000 from the Re-
gional Directorale of Fisheries of the Algarve, on
the south coast of Portugal. River inflow for this
pericd was measured at the Pulo do Lobo hy-

Spawning in Lhe lower esluary
and adjacand coasial areg
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Table 1. Mean values + standard deviations of the
parameters analysed in the different rones of the
Guadiana estuary

! ¥ears pd icidle |

lower Ipper
| l'{:mE::amn_ {' 1 —
1987-1988 | 1721 = 2.56] 198 + 2!&4]112-1*:2[5
1996-1997 |19.72 « 4.76( 233 + 283 | 423 = 273
1995-2000 [ 17.53 & 1.64[ 203 + 382 llgz I£ 1.55]
Salinity (PSU)
19871988 2073 = 5.73[ 404 £ 073 | 307 £ 292 |
1996-1997 |16.73 = £.73] 104 £ 093 | 15 =029
19992000 | 30 & 537|436 + 083 5 L350 = 097
Secchi's dise visibility (m] 5
1987-1988 | 253 £ 064 | 068 + 007 | 078 + 09
1996-1997 | 1.25 = 063 (058 L 069 1 070 £ 089
19992000 | 250 = 061 [ 050 + 067 | 030 £ 073
| Chlorophyll (pg dm™)
| 1987-1988 »
| 19961997 [477 £ 415 | 1150 + 755 1624 = 125
L19w-200n | LS £ 005 | 7754 55 478+ 15
Lo Seson(medm’) ]
| 1987 1988 - - -
| 1996-1997 |59.48 4 184) 255 £ 883 (176 4 7347
| 19992000 (9032 + 58.4) 110 + 2793 | 505 + 474

drometric station, located a few kilometres above
the last point of tidal influence (Mértola). These
data were obtained from the official [nternet site
of Instituto Nacional da Apgua (INAG: hitp:/
fwww inag.ptd).

Tests for significant relationships hetween
inflow and adult anchovy data were made using
Pearson s correlation, after checking the nonmai-
ity of the data. ®

3. Results

Salinity was lower in the upper esluary, tem-
perature was higher in the upper estuary, and tur-
bidity was higher in the middle estuary. Chloro-
phyll a levels peaked in the middlefupper estuary
[Table I). Mean monthly cver inflow volumes
varied markedly on a seasonal and inter-annual
basis. River flow near Mértola (c. 50 km upstream
from the mouth) reached 15% 10" m® in winter, and
decreased to 36 x 10° m? in summer. The year-to-
year variability of inflow is also high, totalling as
little as 20 % 107 m? in a dry year (e.g. 1994-1995)
and as much as 74 = 10° m' in a wet year (ep.
1997-1998: Figs. 2, 4).
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Fig. 2. Three contrastung infllow situatons o he
Guadiana estuary:  [987-1988, 19961997  and
19992000, Averape inflow was determined based
on that recorded for the last 40 years [(Guadiana
Estuary Hydrometric Station Pulo Lobo — source
INAG)
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Fig. 3. Relationships between  three years of

contrasting inflow situations (1987-1988, 19961957
and 19992000} and Engraulis encrasicolus egg and
larval abundances in the Guadiana estuary

A high abundance of £ encrasicolus eggs
was registered in the lower part of the estuary and
in the adjacent coastal areas. However, a high
abundance of larvac was registered in the middle
and upper parts of the estuary, Average and high
inflow years (19871988 and 19961997 respec-
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Fig. 4. Relationships between river inflow and adult abundance or Iugrawlis encrasicofus in the soulth coast

thydralogic year from October 1o September)

tvely) coincided with high abundances of CERS
und larvae (Fig. 3). Moreover, the river inflow
showed a positive and significant correlation (r=
0.6 p < 0.05) with anchovy landings on the south
coast of Portugal (Fig. 4).

4. Discussion

Earlier studies on the ichthyaplankton of the
Guadiana estuary (Chicharo, Teoddsio 1991)
have indicated that this is an important nursety
arca for Engraulis encravicols. Spawning of £
encrasicolus pceurs in the lower part of the esty-
ary and in the adjacent coastal areas. However, a

high abundance of larvae was registered in the
tmiddle and upper parts of the estuary, which indi-
cated some migration of larvae to the most pro-
ductive region of the estuary, the estuarine turbid-
iy maximum (ETM). It has been assumed that
zooplankion associated wih the ETM maintain
reproductively viable populations by behavioural
adaptations to ETM circulation, thus achieving
high productivity from the high concentrations of
food particles within the turbid area (Reed, Dono-
van 1994). The results of the seasonal study also
showed some evidence of retention strategies, as
some zooplanklon species were usually maore
abundanl during a high inflow period (autumn —
winter: Chicharo er ol 2001). This is probably as-
sociated with the fact that under high inflow



conditions the estuary can be classified as a strati-
fied estuary (Chichove of al. 2001 This allows
the wertical migrations, and maintenance of
organisms in seawaler during ebb conditions. Met
seawand flow in estuarics ellen puses a relention
problem for endeme: cooplankton populations, al-
though their continuous ox albeit Tinited
in spatial extent, provides evidence that they can
successfully resist displacement forces. Particle-
lrapping processes 1o estuares al the BTM may
also influence significantly the retention of plank-
ton {Simenstad er ol 1994},

The mean monthly Guadiana River inflow
varicd markedly on a seasenal and annual basis,
and this seems w lave had nnportag conse-
quences tor the different stages of the life eyele of
anchovies. In a year of moderaie inflo®, such as
the hydrolopgic year 1987-1988, stne relention of
Tarvae occwrred i this area i an ab-
normal hvdrologic year with low imilow, such as
that seen in 1999-2000. and with un increase o
freshwater inflow during the sprng months, a dis-
turbance to the mugration pattern seems o have
affected the survival of larvae o the estuary, Ad-
ditwnally, according o Kngslord and Suthers
(199407, lower inflow seems Lo have hampered the
adults' ability to find adequate spawning areas,
because adulls regquire the turbidity of the fresh-
water plume for origntation.

High river intlow, probably due 1o the input
of nutrients. also seems o have an important and
postlive effect on adull numbers, because an-
chovy fishery catches in the adjacent coastal areq
mereassd under these condibiens. This was related
e the increase in the primary productivity of the
area, a very important factor lur plankuvorous pe-
lagic lish, such as anchovies. This is in accor-
dance with Sklar and Browder (1998), who sup-
gested that the catch of coastal fishenes would in-
crease with wcreased freshwaier discharges.

mee,

| lovarsver,

o

5. Coneclusions

A reducton ol wnllow 1o the Guadiana River
may contribute to the degradanion of fish habitat in
adirect way, Changes are expecred 10 the spawning
behaviour of K. encrasicolus adelis, to the mipra-
tion patterns of larvae in the astoary, and w the
calches of fisheries in the lower part of the river and
adjacent voastal areas. In zddinen 1o these direct
consequences, and bearing 10 mind the present
good water quality in major areas of the estuary
{Chicharo er af 2007), a reduction ol inflow and a
mare intense use of the water catchment {as ex-
prcted alter the dam is finished) may have more
negalive consequences for epgs and larval slages,
which are more susceptible than adulls, Thus, as
there 1s little information about the fish dynamics
of the Guadiana River, the integration of different

Tects of freshraais fup 1y alterations oo an
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ools of ccohydrology has the potential 10 evaiu-
ate the response of ecosystems to changes in river
flow and to increases in anthropopgenic stressurs,
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