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Abstract

Two invertebrate species (Hyalella curvispina and Palaemonetes argentinus) and one macrophyte (Egeria densa) from

a naturally high nutrient content system (Pampean rivers of La Plata, Argentina) were evaluated for their potential use

in situ assays aiming to assess changes in water quality. Invertebrates were individually placed in cylindrical chambers in

polluted sections of rivers and in reference upstream sites. Mortality after 48 h was high in polluted and reduced in

control sites. Mortality was also higher in situ assays than in laboratory static tests. Standard sections of the

macrophyte were also deployed at the reference and control sites. Growth (7 days) in terms of mass increment (but not

in length) was consistently reduced in polluted sites. Results of benthic invertebrate and periphitic algae surveys were

consistent with the in situ tests: pollution resulted in a decrease in the number of taxa, taxa replacement and in changes

in the value of the biotic indices "Indice Bi !otico PAMPeano and !Indice de Diatomeas Pampeano, indicating

deterioration of water quality. In situ assays have a high potential as environmental tools in integrated approaches of

bioassessment programs. r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Pollution has the potential to affect the biological

integrity of aquatic systems, decreases the quality of

waters and may directly affect human health. The effects

of anthropogenic disturbances in the receiving systems

can be assessed by measuring changes in community

structural parameters including biodiversity indicators

(diversity, species and taxonomic richness), biotic

indices, community structure (multivariate methods) or

changes in functional parameters such as energy

allocated to growth [1,2].

Toxicity tests are used to estimate safe concentrations

of toxic substances and effluents to be discharged in the

receiving waters and the potential impacts of such

discharges [3]. Traditionally, toxicity tests use single

standard species under standard laboratory conditions

[3]. Besides the usefulness of such a procedure, it is

difficult to extrapolate laboratory results to site-specific

conditions. Moreover, many standard tests use species

with no ecological relevance to systems under study. The

relationship between the results of standard laboratory

tests and field responses is, therefore, unclear. Some

authors have advocated the use of multispecies tests in

mesocosms e.g. [4,5] and field experiments, including in

situ assays, to add some more realism to the effects of

pollution in the receiving systems e.g. [6–9].

Here, we assess the use of caged native species to

determine the impact of pollution discharges on the

*Corresponding author. Tel.: +351-239-828071; fax: +351-

239-826798.

E-mail address: mgraca@ci.uc.pt (M.A.S. Gra-ca).

0043-1354/02/$ - see front matter r 2002 Elsevier Science Ltd. All rights reserved.

PII: S 0 0 4 3 - 1 3 5 4 ( 0 2 ) 0 0 1 3 2 - X



biological quality of streams. The research was carried

out in several streams and rivers of La Plata area,

Argentina, which are naturally rich in nutrients,

suspended solids and humic compounds. The sites were

selected because of the available background of biolo-

gical and chemical information. As testing organisms,

we used the amphipod Hyalella curvispina Shoemaker,

the shrimp Palaemonetes argentinus Nobili and the

aquatic macrophyte Egeria densa Planch.

The invertebrates were selected because they were

widespread and abundant in unpolluted sites during all

year, they were easy to collect, manipulate and maintain

under laboratory conditions and because of the avail-

ability of data regarding their ecology [10–12]. Previous

experiments also showed that these invertebrates were

sensitive to pollution [13].

The aquatic macrophyte E. densa was selected as a

testing species because it is also widespread, locally

abundant, native to the Pampean systems and poten-

tially sensitive, as judged by its disappearance from

polluted locations. The plant is also robust, easy to

manipulate and the Northern Hemisphere-related spe-

cies Elodea canadensis Michx. has been shown to be

sensitive to industrial effluents (Ferreira and Gra-ca,

unpublished).

2. Materials and methods

The streams selected for the experiments are located

at the Northeast of the Buenos Aires province,

Argentina. In general, we selected pairs of sites with

upstream-unpolluted conditions and downstream sites

polluted by the discharge of sewage or industrial

effluents (Fig. 1). The test sites were located at the

rivers: (1) ‘‘El Pescado’’, 300m above and 50m below an

industrial output and, additionally, at a downstream

recovered site, 18 km apart (respectively, sites 6, 7 and

8); (2) ‘‘Rodr!ıguez’’, above and below an abattoir, 5 km

apart (respectively, sites 1 and 2); (3) ‘‘Don Carlos’’,

above and below a textile effluent output, 1 km apart

(respectively, sites 3 and 4); (4) ‘‘El Gato’’, a river

receiving a urban sewage waters (site 5). In general, these

streams and rivers run Northeastern in a flat area. They

are short (maximum length 35 km) and from source to

mouth they generally flow from pastureland areas to

agricultural fields, industry and urban areas. The

sediments are strongly calcareous, and the waters have

a high content of suspended solids (up to 354mg/L) and

low transparency (o40 cm) [14]. Riparian vegetation

varies from exclusively herbaceous plants to spaced/

abundant deciduous and evergreen trees. In the absence

of pollution and riparian trees, hydrophytes are

abundant and represented by a variety of species,

including Ceratophyllum demersum L., Myriophyllum

elatinoides Gaud., Potamogeton striatus Ruiz et Pavon,

Potamogetum spp., Chara sp., Lemna gibba L., Spir-

odella intermedia W Koch [14]. Previous studies at the

same polluted sites revealed that the discharge of

effluents resulted in high conductivity, nitrites, nitrates

and phosphates and low oxygen content [15].

We ran an acute test comparing survival of caged

invertebrates implanted in reference and polluted sites

and a chronic test measuring the growth of an aquatic

plant. The invertebrates were the amphipod H. curvis-

pina and the shrimp P. argentinus whereas the aquatic

plant was the macrophyte E. densa.

We deployed invertebrates in chambers made of PCV

cylinders (10 cm length, 6 cm diameter, 0.3mm mesh size

nets at both ends). Each cylinder consisted of two

sections, one slotted inside the other (Fig. 2). Individuals

of H. curvispina and P. argentinus were collected from El

Pescado river (site 8) in December 2000. The site was

considered as unpolluted, based on the invertebrate taxa

present, dissolved oxygen and conductivity values (see

Section 3).

The amphipods were collected from submerged

vegetation in shallow areas with a kitchen sieve. We

Fig. 1. Location of the stream sites (circles) in three catchments

of La Plata: Rodr!ıguez reference (1); Rodr!ıguez impacted (2);

Don Carlos impacted (3); Don Carlos reference (4); El Gato

impacted (5); El Pescado reference 1 (6); El Pescado impacted

(7); El Pescado reference 2 (8).

Fig. 2. Chambers used for implanting invertebrates in the

streams.
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selected large males (7–9mm range length, measured

from the tip of the head to the end of the telson)

obtained from pre-copula pairs. Only males of amphi-

pods were used to avoid physiological differences in sex,

which could result in differential responses to environ-

mental stress. Shrimps were collected with a hand net

and the size of the specimens used in the tests ranged

from 29 to 35mm in length. The numbers of inverte-

brates deployed in the testing chambers were 5 and 3,

respectively, for H. curvispina and P. argentinus. At each

site, four testing chambers for each species were placed

in the streambed in a shallow area. After 48 h, the

chambers were retrieved and number of surviving

animals counted. Data from individual chambers was

pooled and comparison between control and potentially

impacted sites was made by w2 [16]. In some occasions

the number of amphipods inside the chambers resulted

to be 4 (dead or alive) instead of 5. This could be the

result of: (a) counting mistakes when allocating the

amphipods to the chambers, (b) evasion through the net

or (c) consumption by other amphipods after being

dead. In this situation the initial sample size was the

total number of invertebrates found inside the chambers.

To compare the results of field and laboratory tests,

sets of 5 amphipods and 3 shrimps (3 replicates each)

were also deployed in 0.5L plastic jars under laboratory

conditions. The jars contained either water from the

reference site where the invertebrates were collected (El

Pescado) or from the polluted Don Carlos stream.

Comparison of survivorship between (1) clean and

polluted water and (2) field and laboratory results,

(Don Carlos, polluted water) were made by w2 [16].

Plants were collected from the upper sections of the

Rodr!ıguez stream, transported to the laboratory where

terminal sections of exactly 19 cm were cut, carefully

wrapped with filter paper for 1min and weighed to the

nearest 0.01 g. We selected sections with no roots or

lateral ramifications. Two plant sections were placed

inside 20� 15 cm2 plastic bags, 5mm mesh size. Ten

bags were implanted in the stream sites (except in ‘‘El

Gato’’ because of the extreme pollution).

After 1 week of deployment, the bags were collected,

transported to the laboratory, and the biological status

of the plants evaluated (i.e. presence of necrosed tissues,

leaf losses, atypical leaf coloration). The specimens were

then measured, weighed as before and the number and

total length of roots recorded. Results were expressed in

terms of % mass or length increase. We compared

upstream reference sites and downstream impacted sites

by Mann–Whitney U tests.

From each stream site we took 3 replicate benthic

invertebrate samples with an Ekman grab (100 cm2).

Samples were collected in muddy bottom sections.

Additionally, qualitative samples were also taken from

macrophytes with a hand net (30 cm diameter and

0.5mm mesh). Samples were fixed in 5% of formalde-

hyde in the field. The invertebrates were sorted in the

laboratory, identified to species, genus or family levels.

Invertebrate data was used to determine water quality

according to the biotic index ‘‘!Indice Bi !otico PAMPea-

no’’ (IBPAMP) [15]. The values of the IBPAMP biotic

index rank between 13 (unpolluted) and 1 (very heavily

polluted).

In each sampling site, a number of 10 sub-samples of

1 cm2 were collected by pippeting [17,18] a superficial

layer of 5–10mm of the sediment. The organic matter

fraction was removed with acid and clean diatoms were

mounted in Naphrax. In each sample a total of 300

valves were examined under a magnification 1250� to

determine the relative abundance of each taxon. Diatom

data was also used to assess water quality according

with the !Indice de Diatomeas Pampeano (IDP) [19]. The

values of the index range from 0 (good water quality

conditions) to 4 (very low water quality).

Dissolved oxygen, pH, conductivity and temperature

were measured in the field with portable meters

(Oxymeter 600-ESD, pHtester 2 waterproof Cole-

Palmer, Hanna HI8633 conductivity meter, respec-

tively). Water samples were also collected and trans-

ported to the laboratory (at 41C) for measurements of

biochemical oxygen demand (BOD5), chemical oxygen

demand (COD), nitrate (NO3), nitrite (NO2), ammo-

nium (NH4), soluble reactive phosphorous (SRP) and

hardness, according to Strickland and Parsons [20] and

Mackereth et al. [21]. Each environmental parameter

was measured at beginning and at the end of the

experiment

3. Results

The Pampean rivers studied had natural conditions

characterized by a low oxygen and high nutrient

concentration, and slightly alkaline (Table 1).

Survivorship of H. curvispina and P. argentinus was

significantly lower in the impacted areas when compared

to reference, upstream sections (w2=11.45–38.00;

d.f.=1; Po0:001; Table 1). Survivorship of both

invertebrates under laboratory conditions was high,

ranging from 100% for P. argentinus (polluted and

unpolluted water) to 70% for H. curvispina (polluted

water). Therefore, survivorship of specimens reared in

clean and polluted waters was not statistically different

under laboratory conditions (w2 ¼ 2:45; d.f.=1; P >
0:05; Table 2). Survivorship of both P. argentinus andH.

curvispina in polluted waters was significantly lower in in

situ experiments than in laboratory static tests using

stream water (w2 ¼ 15:00224:14; d.f.=1; Po0:001Þ:
Specimens of the macrophyte E. densa implanted in

the rivers grew in terms of mass and length in all but one

site (Fig. 3). Mass increment reached 51% in 1 week,

whereas increment in length reached 24%. Mass increase

M.A.S. Gra-ca et al. / Water Research 36 (2002) 4033–4040 4035



was significantly lower at impacted than at the reference

sites (Z > 2:26; n ¼ 32; Po0:05). Equivalent differences
in length were significant only at Rodr!ıguez stream

(Z ¼ 3:93; n ¼ 16; Po0:001; Fig. 3). The development

of branches occurred only in one of the rivers, regardless

of the pollution status (Table 3). The development of

roots also occurred only in two of the rivers, regarding

the pollution status (Table 3). Finally, in two of the

impacted sites plants lost their integrity with detachment

of leaves (Table 3).

The reference sites had, in general, a relatively high

diverse community of invertebrates, whereas in the most

heavily polluted sites (e.g. Don Carlos and El Gato)

invertebrates were seldom seen (Table 4). The char-

acteristic and dominated benthic diatoms (relative

abundance>5%) differed between the reference and

polluted sites, with high diversity in reference sites

(Table 4).

In the reference sites, the biotic index IBPAMP

(macroinvertebrates) scored 8 to 9 indicating the

possibility of ‘‘light pollution’’ conditions (Table 1).

The IDP biotic index (diatoms) scored 1.7–2, indicating

a probable moderate pollution–eutrophication in the

same sites. Comparatively, in the impacted sites, the

scores decreased to values of 1–4 in the case of IBPAMP

and increased to 2.5–3.6 in the case of IDP. Those scores

indicated that the water quality at the impacted sites (El

Gato, Rodr!ıguez, Don Carlos and Pescado) was bad and

the river sections were heavily or very heavily polluted

(Table 1; Fig. 4).

4. Discussion

The values for dissolved oxygen were very low at some

reference sites (e.g. El Gato), which were consistent with

previous records [22]. The reference sites do not receive

Table 2

Survivorship of Hyalella curvispina and Palaemonetes argenti-

nus in reference (El Pescado) and polluted (Don Carlos) water

in situ tests and under laboratory conditions

Species Laboratory test In situ test

Reference Polluted Reference Polluted

H. curvispina 87 70 100 0

P. argentinus 100 100 78 0
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Fig. 3. Growth (in terms of mass and length) of E. densa

exposed to reference (white bars) and impacted (grey bars) sites.

Mean7SE, n ¼ 16 (except Gorina, n ¼ 8). Po0:05 (*), Po0:01
(**), Po0:001 (***).

Table 1

Percent survival (mean7SE) of Hyalella curvispina (n ¼ 5) and Palaemonetes argentinus (n ¼ 3) in chambers incubated at the reference

and polluted sites in several rivers of La Pampa

Site Survivorship % O2 pH Temp. (1C) Cond. (mS cm�2) BOD5 COD NO3 NH4 PO4-P IBPAMP/10 IDP/4

H. curvispina P. argentinus

El Pescado R1 95 (75) 92 (77) 7.4 8.2 24 365 2.5 27 0.43 0.05 0.25 8/9 1.7

El Pescado R 2 95 (73) 78 (76) 6.1 7.0 25. 257 5.0 21 0.23 0.32 0.35 7 1.9

El pescado I 0 0 5.2 7.0 25 410 15.0 87 0.67 0.95 1.11 4 —

Don Carlos R 95 (78) 89 (717) 7.5 6.8 25 770 4.3 26 1.16 0.05 1.09 5/6 2.0

Don Carlos I 0 0 3.0 7.5 25 845 34.0 77 0.60 0.73 0.46 2/3 3.6

El Gato I 0 0 0.4 7.4 25 1240 14.0 23 5.33 2.39 3.91 1 3.5

Rodr!ıguez R 100 78 (76) 7.7 8.2 31 740 7.0 22 0.23 0.56 1.36 8 2.0

Rodr!ıguez I 0 0 7.4 7.8 30 1630 6.0 95 7.32 1.11 5.37 4 2.5

R=reference, I=impacted. The units for BOD5, COD, NO3, NH4, PO4-P and O2 are mg/L�1.
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industrial or urban effluents although some nutrient

run-off from agricultural activities cannot be ruled out.

The low value of dissolved oxygen can be attributed to

the high organic matter content, coupled with high

summer temperatures. Normal conditions at some

studied sites could be considered as stressing in other

geographical areas.

Our experiments showed that the shrimp P. argenti-

nus, the amphipod H. curvispina and the macrophyte E.

densa, when transplanted to polluted areas have a

decreased survivorship (invertebrates) or a reduced

growth (macrophyte). Those species can be considered

sensitive and, therefore, be used in in situ assays aiming

to assess the biological quality of water. Moreover, the

results of the tests were consistent with the chemical

changes in the water, and with the biological status, as

judged by changes in the diatom and macroinvertebrate

assemblages, and the application of biotic indices.

Biotic indices classified the reference sites as presum-

ably slightly polluted by organic enrichment. This result

may reflect (a) diffuse nutrient enrichment derived from

human activities of the La Pampa area or (b) natural

enrichment. Whatever may be the case, the application

of in situ tests were useful to quantify the deterioration

of biological condition due to the discharge of polluted

waters.

Table 3

Summary of changes in experimental plants exposed to impacted and reference sites (n ¼ 20)

Plants with branch

development

Mean branch

length (cm)

Plants with root

development

Mean root length

(cm)

Plant integrity

El Pescado reference 1 3 0 — +

El pescado impacted 2 3.7 6 3.4 +

Don Carlos reference 0 — 0 — +

Don Carlos impacted 0 — 0 — —

Rodr!ıguez reference 0 2 2.5 +

Rodr!ıguez impacted 0 — 0 — —

Plants with detached leaves, stem fragmentation or necrotic tissues were classified as having low (—) integrity.

Table 4

Common algal and macroinvertebrate taxa at reference and polluted sites at 4 Panpean streams

Algae Macroinvertebrates

Reference Gompphonema truncatum Ehrenberg Nematoda

G. clavatum Ehrenberg Cnidaria

Melosira varians Agardh Platyhelminta

Cymbella sileciaca Bleisch Naididae

Pinnularia gibba Ehrenberg var linerais Hustedt Hirudinea

Nitzschia filiformis (W.M. Smith) Van Heurk Bivalvia (Diplodon delodontus delodontus (Lamark))

N. hungarica Grunow Ampullaridae (Pomacea canaliculata (Lamark))

N. frustulum K .utzing Ephemeroptera (Baetis sp. and Caenis sp.)

N. angustata Grunow Odonata Coenagrionidae

Navicula erifuga Lange-Bertalot Odonata Aeshnidae (Aeshna bonariensis Rambur)

N. radiosa K .utzing Belostomatidae (Belostoma oxyurum Dufour)

Diploneis ovalis (Hilse) Cleve Coleoptera (Hydrophilidae)

Pinnularia. Subcapitata Gregory Diptera (Chironomidae)

Amphipoda (Hyalella curvispina)

Palaemonidae (Palaemonetes argentinus and Macrobrachium

borelli Nobili)

Ostracoda

Polluted Gomphonema parvulum K .utzing Chironomidae

Navicula pupula K .utzing Zygoptera

Navicula cryptocephala K .utzing Ostracoda

Pinnularia gibba Ehrenberg Belostoma sp.

Nitzschia umbonata (Ehrenberg) Lange-Bertalot

N. palea (K .utzing) W. Smith

M.A.S. Gra-ca et al. / Water Research 36 (2002) 4033–4040 4037



Moreover, the in situ tests were sensitive to the

pollution whereas the laboratory tests were not. Con-

sistently, other authors have reported higher sensitivity

with in situ tests when compared with laboratory assays

e.g. [6]. The reason for the high survival of invertebrates

under laboratory conditions was not investigated but it

may be related to the ‘‘in stream’’ decreases in the

oxygen levels during the diurnal cycle, loss of volatile

compounds under laboratory conditions, etc.

In general, laboratory tests are run under standar-

dized environmental conditions. Additionally, labora-

tory tests minimize physiological differences among

testing organisms. In contrast to those assays, the

results of in situ test may be affected by the physiological

condition of organisms e.g. [8]. However, the incorpora-

tion of this natural variability and the natural variability

of environmental conditions such as current, diel

changes in temperature, oxygen, light conditions, and

others affecting the aquatic biota address the criticism of

the lack of realism of the traditional laboratory tests e.g.

[23]. In a field experiment in which farm waste episodes

were simulated [8], reported that increased ammonia or

decreased oxygen were not enough to cause significant

mortality in several macroinvertebrates. However, the

combination of low oxygen and high ammonia caused

high mortality. Under eutrophic conditions, oxygen

content in water is one of the factors fluctuating during

the day/night cycle.

Salazar and Salazar [24] showed that pulp and paper

mills discharges affected the growth of caged bivalves

and proposed that they could be used as a biomonitor-

ing tool, see also [25]. Caged animals and plants can also

be used in a longer time exposures to assess bioaccu-

mulation of toxicants [24,26] or to measure other sub-

lethal effects of pollutants such as changes in feeding

rates, ‘‘scope for growth’’ and disruption of pre-copula

pairs of the amphipod Gammarus pulex [2,8,27].

In situ assays are not limited to measurements at

individual levels. Transplantation of periphytic assem-

blages from clean to polluted areas in river systems

around La Plata, Argentina, also resulted sensitive tools

to evaluate the deterioration of environmental condi-

tions [22].

Another issue addressed by in situ tests is the use of

native species. Non-native species may not occur in the

environments where the toxicants are discharged [28].

Standard species are generally selected based on their

absolute sensitivity, regardless of the natural conditions.

Fish and invertebrates in the Argentinean Pampa are

tolerant to eutrophic conditions naturally prevalent on

the local rivers. For instance, H. curvispina is one of the

sensitive taxa in the area, as judged by their rapid

disappearance from polluted sites [15]. However, this

species is found in river sections where the oxygen

content may drop to 6mgL�1, and tolerate high

conductivity (B780mS cm�2), BOD5 and COD (respec-

tively, B7 and 36mg O2L
�1) phosphates and ammonia

(B0.35mgL�1; [15]). These conditions may be unfa-

vourable for many organisms commonly used in toxicity

tests. The stream communities at the Pampean rivers

and streams are, therefore, potentially more resistant to

a slight increase in nutrients and the results from toxicity

tests with invertebrates originated from oligotrophic

conditions may be questionable to assess the conditions

in the Pampas.

Amphipods in other areas are also regarded as

sensitive organisms. The European Gammarus pulex L.

is replaced by the isopod Asellus aquaticus L. as

dominant species in situations of organic pollution

[29]. For this reason, Whitehurst [30] proposed the use

of Gammarus:Asellus ratio as an indicator of stressing

conditions. The North American conspecific Hyalella

azteca is a common test organism used in ecotoxicolo-

gical assays e.g. [31].

P. argentinus was previously shown to be a sensitive

species to toxicants [13]. The conspecific marine P. pugio

has also been used in toxicity assays [32].

Finally, aquatic plants are less used in toxicity assays.

Our results suggest that they may also be used to assess

sub-lethal effects of perturbations, in agreement with the

reported references for a decreased plant growth in

terms of mass and length, and a reduced root develop-

ment with an increased pollution stress under laboratory

conditions, e.g. [33].

Given that there is not a single method capable of

integrating the complex changes caused by pollution

discharges and given that different methods address

different questions, whenever possible, an integrated
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approach should be used when assessing the effects of

pollution discharges. An integrated assessment gathers

complementary lines of evidence of an ecological effect/

ecological integrity of a system. We conclude that, given

the realistic nature of the in situ tests, they should be

considered in this strategy.
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