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Abstract

We explored the relationships between Secchi disc depth and the abundance of fish species in very
shallow, hypertrophic, turbid waters of Pampa Plain lakes, Argentine.

We tested whether the abundance of any of the species present was associated with water transpar-
ency for lakes where water transparency, as measured by Secchi disc depth, ranged from 0.1 to 0.4 m.
Overall, the abundance of five species (Cnesterodon decemmaculatus, Jenynsia multidentata, Corydo-
ras paleatus, Pimelodella laticeps and Odontesthes bonariensis) seemed to be affected by this narrow
gradient in water transparency. These findings represent an interesting result for turbid hypertrophic
environments where narrow ranges in water transparency are traditionally neglected as important factors
for fishes. We show, however, how water transparency patterns may be still important for some species
in highly turbid waters with extremely narrow gradients in Secchi disc depth.

1. Introduction

Optical properties of lakes are important regulatory parameters of the abundance and dis-
tribution of aquatic organisms (WETZEL, 2001). For instance, light has many subtle effects
on fish distribution patterns both within and between lakes (MOYLE and CEcH, 2004). The
impacts of turbidity on fish depend largely on the visual adaptations and life-strategy of the
concerned species, influencing their capability of performing in environments of varying
turbidity (SANDSTROM, 1999). In aquatic consumers that use vision to detect their prey, water
transparency constraints affect reaction distance (MINER and STEIN, 1996; VOGEL and BEAU-
CHAMP, 1999), encounter rates (TURESSON and BRONMARK, 2007) and finally consumption
rates (UTNE-PALM, 2002). Environments where fish abundance and distribution were found
to vary as a consequence of water transparency dynamics are as diverse as coastal areas
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(SANDSTROM and KARAS, 2002), ancient lakes (PLISNIER et al., 2009), large reservoirs (GIDO
et al., 2002), natural lakes (LIND et al., 1994; DOCKENDORF and ALLEN, 2005), estuaries
(BLABER, 1997; MAES et al., 1998; ALBARET et al., 2004; AKIN et al., 2005), floodplain lakes
(RoDRIGUEZ and LEwis, 1997; MIRANDA and Lucas, 2004), shallow (>2 m) lakes (Mous
et al., 2004; ROBILLARD and Fox, 2006) and rivers (KONE et al., 2003; BARKO ef al., 2004;
REYIOL et al., 2008). The bulk of such information mostly comes from northern temperate
and tropical ecosystems. In comparison, information about the effects of water transparency
dynamics on fish species in southern temperate ecosystems is more limited (HART, 1986;
JEPPESEN et al., 2000).

Although many fish species react to gradients in water transparency, fish also act as
ecosystem engineers (JONES et al., 1994) by altering water clarity dynamics through effects
on lower trophic levels (including other fishes) (BENNDORF ef al., 1984; NORTHCOTE, 1988;
QUIROS, 1995) and nutrient dynamics (TATRAI and ISTVANOVICS, 1986; VANNI, 2002; BOROS
et al., 2009). In particular, a large array of studies have demonstrated that changes in the
trophic structure of the fish assemblages, whether via predator or nutrient control, are relat-
ed to changes in water clarity (e.g., SHAPIRO and WRIGHT, 1984; CARPENTER et al., 1985;
MCQUEEN et al., 1986; CROWDER et al., 1988; JEPPESEN, 1998).

In shallow lakes, a basic understanding of under-water optics is essential to understanding
the functioning of fish communities (SCHEFFER, 1998). One of the most outstanding aspects
of the Pampa Plain, in the central region of Argentina, is the large number of shallow
lakes totalling more than 1,400 water bodies with a maximum length longer than 0.5 km
(CANEVARI et al., 1998). These lakes are very shallow (exceptionally >5 m) and their basins
are usually formed by a combination of river and wind action (TRICART, 1973). Instead of
alternative stable states (SCHEFFER et al., 1993), a continuum between three basic states
characterizes these lakes, from clear vegetated environments to inorganically-turbid ones and
organically turbid where phytoplankton dominates (QUIROS ef al., 2002a). These three states
correspond with differences in phytoplankton assemblage structure and primary production
(ALLENDE et al., 2008), trophic structure of the fish assemblages (QUIROS et al., 2002b) and
land use within the landscape (QUIROS et al., 2006). In spite of the broad gradient in water
transparency most lakes in the region are extremely turbid (QUIROS and DRrAGO, 1999).
Among these highly turbid lakes, little is known about how the narrow gradient in water
transparency may affect fish species abundances and distributions. There are also compara-
tively few attempts to study such relationships in very shallow (<2 m), hypertrophic, turbid
waters bodies elsewhere in the world (Rowg, 2007).

In this paper we explored the relationship between water transparency and the abundance
of fish species in a series of very shallow, hypertrophic, turbid lakes of the Pampa Plain.
These lakes are on the most turbid extreme in the continuum highlighted by QUIROS e? al.
(2002a). Hence, our objective was to test whether differences in fish species abundances are
associated with water transparency for lakes within the lower range of water transparency.

2. Methods

2.1. Study Site

The study lakes (Mar Chiquita, Gémez, Carpincho and Rocha) are located in the upper reaches
of the Salado River (Fig. 1) between 34°21" and 34°42’ S and 60°39' and 61°15" W. This river is an
autochthonous lowland system, running through a very flat plain from 78 meters above sea level at its
headwater with an overall mean slope of 0.18 m km™ (Bianco, 1998). The study lakes are very shallow
(mean depth around 1 m), polymictic, natural water bodies along the main course of the river. Based
on mean summer Chl-a concentrations (Table 1) their trophic state indices range between eutrophic
to hypertrophic (HAKANSON and BouLIioN, 2001). This river-lake ecosystem usually experiences large
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spatial and temporal variation in its main physical and chemical conditions (RENNELLA, 2007; Rosso,
2008). Hence, we designed our sampling strategy to account for this natural behaviour by ensuring that
sampling covered both the spatial and temporal range in variation. Accordingly, we collected monthly
(January to March) samples of fish and recorded water transparency during two consecutive summers
(2000 and 2001) at five different sites (Mch, GoN, GoE, Crp and Rch) plus in two additional summers
(1999 and 2002) at three sites (GoN, GoE and Crp). Sites locations were labelled following the name of
the main lake in which they occur (i.e. Mar Chiquita (Mch), Gémez north (GoN), Gémez east (GoE),
Carpincho (Crp) and Rocha (Rch)).

2.2. Water Transparency

In order to quantify water transparency patterns in these very shallow turbid lakes we measured Sec-
chi disc depth. In temperate lakes, Secchi disc usually fluctuates seasonally (WETZEL, 2001). Therefore,
in order to avoid the confounding effects of such seasonal variation in the relationships with fish abun-
dance, we used Secchi disc depth records measured during the peak of the growing season (January to
March; South Hemisphere summer). This also allowed us to reduce biases from changes in the seasonal
behavior of fishes in relation to the thermal dynamics of waters and photoperiod. Mean Secchi disc
depths for each site-summer were estimated (n = 16) and then related with the corresponding means of
fish species.

Mar Chiquita

Lake \

Carpincho

Figure 1. Schematic diagram of the study area in the upper Salado River, Pampa plain, Argentina.
Study sites are labelled as Mch: Mar Chiquita; GoN: Gémez north; GoE: Gomez east; Crp: Carpincho
and Rch: Rocha. Open arrow indicates river’s main flow direction.

Table 1. Historical mean summer morphometric and limnological attributes of upper Salado
River lakes (Sources: QUIROS, 1988; RENNELLA, 2007; Rosso, 2008).

Lake Area Depth Secchi  Chlorophyll-a TP N Conductivity
(k) (m)  (cm) (ug/l) (mg)  (mgh)  (uSlem)
Mar Chiquita 50.0 0.9 11 150.98 1.14 5.51 5925
Gomez 40.0 1.2 19 98.88 0.91 5.65 5560
Carpincho 5.0 1.0 21 103.12 0.89 4.92 5341
Rocha 3.6 0.8 18 139.27 1.11 5.50 5200
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2.3. Fish Sampling

Large fish species were captured using two multifilament experimental gill nets. Each net consisted
of ten panels (15, 21, 25, 30, 35, 40, 52, 60, 75 and 85 mm bar mesh size). All net panels were of equal
height (1.4 m) and length (10 m). Gill nets were deployed in the open water zone of lakes during the first
hours of evening. Simultaneously, littoral areas were sampled in order to capture small-bodied species.
For this purpose we used a bag seine net constructed with 20 m long wings (10 mm mesh) and a 2 m
long bag (5 mm mesh). Abundances of fish species were expressed as catch per unit of effort (CPUE).
Data from gill net and seine net were not combined. For large fish species, CPUE was estimated as the
average number of individuals captured by both gill nets per hour of netting. The abundances of small
fish species were quantified by computing the average number of individuals captured by two seine
hauls covering 1000 m” each. With these data mean abundances of species for each summer at each site
were estimated (7 = 16) and further incorporated in data analyses.

2.4. Data Analysis

Spearman rank correlation coefficients were calculated on log (x + 1) transformed variables in order
to explore empirical relationships between site-summer means of fish species abundances and Secchi
disc depths. In the study lakes, the interactive effects of spatial gradients in water conductivity and
NO; : NH, ratio as well as the important interannual hydrological variability affect the abundance
and distribution of dominant fish species (Cyphocharax voga, Odontesthes bonariensis, Parapimelodus
valenciennis and Cyprinus carpio) (Rosso and QUIROS, 2009). Hence, we decided that observed pat-
terns in fish abundance and water transparency should be also tested against these more conspicuous
spatial and temporal gradients. Consequently, those species (others than those mentioned above) whose
abundances were significantly correlated with Secchi disc depth, were further correlated with water
conductivity, water residence time and the NO; : NH, ratio. The latter is considered as an anthropogenic
gradient due to the release of organic matter in industrial, urban and municipal effluents to surface
waters of this river (Rosso and QUIROS, 2007), and the recognized effects of these effluents on nitri-
fication and denitrification balance (BALLESTER et al., 1999; MARTINELLI et al., 1999; WETZEL, 2001).
Data of water conductivity, water residence time and the NO; : NH, ratio were obtained from Rosso
and QUIROS (2009). The rationale behind this analysis was to test whether species that were correlated
with the extremely narrow gradient in water transparency, showed any evidence of being affected by
the wider environmental gradients of the system. This will help, in turn, to evaluate our results within a
more complete ecological context. Adjusted P-values for the resultant correlation matrix were obtained
following the procedure conducted by HoLm (1979). The Holm method constitutes a modest improve-
ment of the familiar and widely used Bonferroni procedure. Adjusted P-values were all considered
significant if P <0.05.

Besides the correlation analysis, we formulated two basic questions in order to help interpret patterns
in fish species abundances and water transparency: 1) Is the mean abundance of each species greater if
water transparency is above or below the median? 2) Does the largest abundance of each species occur
when Secchi is high or low? This approach is a modification of the one proposed earlier by MYERS and
BARROWMAN (1996) to explore stock-recruitment relationships. We found it useful to analyse alternative
aspects of the relationships between fish species abundances and water transparency highlighted by the
correlation analysis. With this we aim to gain more confidence in our results by looking for consistency
between all analyses.

To answer the first question we examined the ratio of the mean abundance of each species when
the Secchi disc depth was above the overall median to the mean abundance when Secchi disc depth
was below the median. This ratio will equal 1 when the mean abundance of a particular species in all
samples taken when secchi disc depth was above the overall median is the same as mean abundance in
all samples taken when secchi disc was below the median. This ratio becomes larger when mean abun-
dance is higher in most of the samples from clearer water and vice versa. We then performed a Mann-
Whitney U test to see if the differences between the mean abundance of each species above and below
the median of water transparency data were significant. To examine the second question we computed
the rank of Secchi disc depth that gave rise to the largest abundance of each species, S fishmax. In order
to compare results between species we calculated a relative rank: »; = (S fishmax;— 1)/(n — 1), where r,
is the relative rank of the ith species, S fishmax; is the value of the Secchi disc depth that gave rise to
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the largest abundance of the ith species and »n is the number of observations (16). This relative rank lies
between 0, implying that the highest abundance of the species occurs at the lowest water transparency
(S fishmax = 1) and 1, implying that the highest abundance of the species occurs at the highest water
transparency (S fishmax = 16).

All statistical analyses were performed using the NCCS statistical software (HINTZE, 1998).

3. Results

The study lakes all had extremely low Secchi disc depths (SD). Mean site-summer SD
ranged from 0.10 to 0.40 m with an overall mean SD of 0.21 m. Water was generally less
transparent in Mar Chiquita and Rocha lakes where mean site-summer SD never exceed the
overall mean for the system, with values of 0.13 and 0.20 m, respectively (Fig. 2). Conditions
clearer than the mean across site-summers were found only in Carpincho and Gomez lakes
and maximum values for SD occurred in Carpincho and Gomez east (Fig. 2).

A total of 16 species included in 5 orders and 11 families were collected during the surveys
(Table 2). Five species (Cnesterodon decemmaculatus, Jenynsia multidentata, Corydoras
paleatus, Pimelodella laticeps and Odontesthes bonariensis) seemed to be aligned with the
narrow gradient in SD explored in these shallow turbid lakes (Tables 3 and 4; Fig. 3). Four
of these species were significantly associated with SD. The abundances of small Cyprino-
dontiformes Cnesterodon decemmaculatus and the inland silverside Odontesthes bonariensis
were positively related with SD. Conversely, the small Siluriformes Corydoras paleatus and
Pimelodella laticeps were more abundant as SD decreased. Among the species that were
significantly related with SD, only Corydoras paleatus seemed to be not affected by the
major environmental and anthropogenic gradients of the system. Conversely, Pimelodella lati-
ceps was highly and significantly correlated with the hydrological, abiotic and anthropogenic
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Figure 2.  Mean summer values of Secchi disc depth measured in the upper Salado River lakes during

four different summers. Mch: Mar Chiquita Lake, GoE: Gémez Lake, eastern site, GoN: Gémez Lake,

northern site, Crp: Carpincho Lake and Rch: Rocha Lake. 99: summer 1999; 00: summer 2000; 01:

summer 2001 and 02: summer 2002. Vertical line separates data above and below the median of the

series. Horizontal solid and dotted lines represent the means for site-summers SD below (0.13 m) and
above (0.30 m) the median respectively.
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gradients. Cnesterodon decemmaculatus was positively related with water residence time of
the system (Table 3).

The ratio of mean abundance of each species when the SD was above the median to mean
abundance when the Sd was below it helped to separate fish assemblages into two main
groups. Half of the species collected were more abundant when SD was above the median
(values larger than 1) whereas the other half were more abundant when SD was below the
median (values smaller than 1). Nevertheless, our results revealed that the abundance of only
three species were significantly higher or lower when SD was above the median (Table 4).
Abundances of Odontesthes bonariensis and Jenynsia multidentata were significantly higher
when SD was above the median. Conversely, the small Siluriformes Pimelodella laticeps was
significantly more abundant when SD was below rather than above the median. Consistent
with these results, the largest abundance of several species tended to occur at one extreme
of the narrow gradient in SD (Fig. 3). Accordingly, Corydoras paleatus and Pimelodella
laticeps had values near 0 in the relative rank of S fishmax whereas Jenynsia multidentata,
Odontesthes bonariensis and Cnesterodon decemmaculatus displayed values well above 0.5

Table 2. Fish species collected in the upper Salado River lakes. Code: is species code
name; Gear: fishing devices used to capture large (gill net) and small (seine net) species.

Order Family Taxa Code Gear
Siluriformes Pimelodidae Parapimelodus valenciennis Pv gill net
Heptapteridae ~ Pimelodella laticeps Pl seine net
Rhamdia quelen Rq gill net
Callichthyidae  Corydoras paleatus Cp seine net
Loricariidae Loricariichthys anus La gill net
Characiformes Characidae Astyanax fasciatus Af seine net
Astyanax eigenmanniorum Ae seine net
Bryconamericus iheringii Bi seine net
Cheirodon interruptus Ci seine net
Oligosarcus jenynsii 0j gill net
Curimatidae Cyphocharax voga Cv gill net
Erythrinidae Hoplias malabaricus Hm gill net
Cypriniformes Cyprinidae Cyprinus carpio Cc gill net
Cyprinodontiformes Anablepidae Jenynsia multidentata Jm seine net
Poeciliidae Cnesterodon decemmaculatus Cd seine net
Atheriniformes Atherinopsidae  Odontesthes bonariensis Ob gill net

Table 3. Significant Spearman rank correlation coefficients between fish species abundanc-

es and Secchi disc depth. Significant species were further correlated with additional abiotic,

anthropogenic and hydrological variables. Adjusted (HoLm, 1979) correlation coefficients =

*P<0,10 **P<0,05 and *** P <0,01; a=source: Rosso and QuIROs (2009). Tw: water

residence time. Pl: Pimelodella laticeps; Cp: Corydoras paleatus; Cd: Cnesterodon decem-
maculatus and Ob: Odontesthes bonariensis.

Species Secchi Conductivity NO; : NH, Tw

Pl —0.73%** —0.68%* —0.62* —0.64%*
Cp —0.66%** 0.28 -0.08 0.25
Cd 0.63%** 0.49 0.04 0.66**
Ob 0.627%** 0.53%* a 0.71%** a 0.75%** a
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Table 4. Mann-Whitney U test results for differences between the mean summer abun-

dances (CPUE) of fish species for samples taken when SD was above and below the median

of the Secchi disc. The list is intentionally sorted by the ratio between CPUE of species

when Secchi disc depth was above the median to CPUE of species when Secchi disc depth

was below the median (Above/Below). Dashed line divides the list between species loading

a ratio inferior to 1 and those whose exceed this value. NS: not significant. Species codes
as in Table 2.

Species CPUE Above CPUE Below Z-Value P value Above/Below
Cp 2.54 34.51 1.4947 NS 0.07
Pl 2.25 22.58 2.1266 0.033 0.09
Ci 46.37 109.23 1.5429 NS 0.42
Ae 20.28 34.47 1.5228 NS 0.58
Bi 43.38 71.15 1.4178 NS 0.61
La 0.56 0.91 0.5563 NS 0.62
Af 9.49 13.99 1.4178 NS 0.67
Pv 67.95 98.98 0.6826 NS 0.68
Hm 0.61 0.32 1.0361 NS 1.89
Oj 26.28 10.34 0.7877 NS 2.54
Jm 159.41 45.66 —1.7465 0.041 3.49
Ob 107.89 28.79 -1.8379 0.033 3.74
Rq 0.47 0.11 1.5814 NS 4.67
Cc 16.53 3.28 0.3153 NS 5.03
Cv 103.97 12.25 0.0525 NS 8.48
Cd 11.41 1.29 1.5069 NS 8.83

(Fig. 4). Interestingly, two species that did not show any clear pattern with the first analyses,
as the piscivores Hoplias malabaricus and Oligosarcus jenynsii, had their largest abundance
at the highest water transparency (Fig. 4).

4. Discussion

Worldwide, some studies have revealed significant relationships between water transpar-
ency and fish abundance and distribution in shallow turbid lakes. Mous et al. (2004) found
that the vertical distribution of zooplanktivorous fish in a shallow turbid lake in the Nether-
lands was governed by a gradient in Secchi disc ranging from 0.5 to 1.2 meters. Similarly,
ROWE (2007) used a large database of New Zealand shallow lakes covering Secchi disc
from 0.1 to 9.4 m to study patterns in water clarity in relation to the presence/absence of
introduced exotic fish. Changes in the structure of warmwater piscivores communities over
a 24-year period was associated with changes in water clarity in Ontario shallow lakes hav-
ing mean summer Secchi values from 1.1 to 5.5 meters (ROBILLARD and Fox, 2006). The
gradients in water transparency explored by these authors are much wider in comparison
with our results. Nevertheless, with a narrow and extremely turbid gradient in Secchi disc
(0.1 to 0.4 m), we still found that the abundances of some species decreased whilst others
increased in relation to spatial and temporal dynamics in water transparency.

The high turbidity in many rivers of South America has probably led to a proliferation
of fishes, such as catfishes, that do not rely primarily on vision for prey capture (MOYLE
and CEcH, 2004). Siluriformes fishes thrive successfully under low light climate conditions
where vision is of little use. In fact, the activity of some benthic fish has been shown to
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Figure 3. Scatter plots of log transformed fish species CPUE and Secchi depth in the upper Salado

River lakes. CPUE of C. decemmaculatus, J. multidentata, P. laticeps and C. paleatus estimated from
seine net data. CPUE of O. bonariensis estimated from gill net data.
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River lakes. Species codes as in Table 2.

diminish as light intensity increases being highest when light intensity is near zero (PRENDA
et al., 2000). In our study lakes, extremely turbid conditions were associated with higher
abundances of Siluriformes benthic species such as Corydoras paleatus and Pimelodella
laticeps. The same positive relationship between abundance of Siluriformes species and
water turbidity was found in rivers of Bolivia, Venezuela and Brazil (PouiLLy and RODRI-
GUEZ, 2003).

The low water transparency associated with Siluriformes fishes could also be a conse-
quence rather than a cause. The recycling and resuspension of nutrients from sediments
caused by the feeding activity of bottom-dwelling species may help to explain their posi-
tive association with phytoplankton biomass (BREUKELAAR et al., 1994) and their nega-
tive effects on water transparency (MATTHEWS, 1998). But the role of benthivorous fish in
recycling nutrients may be limited in highly productive lakes because here they act as sinks
rather than sources (GRIFFITHS, 2006). Nutrient cycling by benthivorous fish may therefore
be more significant in less productive lakes (SHAPIRO and WRIGHT, 1984). It has been also
shown that the concentration of inorganic suspended solids in the water column increases
approximately linearly with the biomass of benthivorous fish (MEUER et al., 1989). The
contribution of Corydoras paleatus and Pimelodella laticeps to the total fish biomass in the
study lakes may be considered negligible (Rosso, unpublished data). Therefore, the impact
of these species on water transparency of these lakes through nutrient and sediment dynam-
ics is likely to be minimal. It is therefore more probable, that these small silurids “select”
sites where the lack of water transparency provides them with a competitive advantage
over other fish. This could be the result of selective segregation (NILSSON, 1967) from other
visually oriented fishes, including predators that inhabit these shallow turbid waters. Such
selective segregation could have evolved at some time in the past in response to competi-
tion, but whatever its origin, it would minimize contemporary competition as a significant
interaction (WOOTTON, 1998).

Despite the generally poor quality of underwater images, fish depend a great deal on sight
as a source of sensory information (GUTHRIE and MuNTZ, 1993). Turbidity due to either

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.revhydro.com



Fish Species Abundance and Transparency 151

inorganic or organic solids will to some extent negatively affect piscivorous Characiformes
since their visual activity has been shown to be a crucial element in their ecology (PouiLLY
et al., 2004). In this study, no significant relationships were found between the abundance
of the Characiformes piscivores (Hoplias malabaricus and Oligosarcus jenynsii) and water
transparency. Nevertheless, the low visibility associated with water turbidity could help to
explain why these species exhibited their largest abundance at the highest values of water
transparency (Fig. 4). In the Pampa Plain, the relative abundance of Hoplias malabaricus
is higher in clear, shallow lakes where phytoplankton biomass tends to be lowest (QUIROS
et al., 2002a). Similarly, piscivore species that rely on their visual senses for hunting, domi-
nated the fish assemblages in tropical floodplain lakes with high water transparency (RODRi-
GUEZ and LEwis, 1997). Paradoxically, the same turbidity that may hamper Characiformes
piscivores, may favor small Characiformes that are preyed by other fish (PIANA ef al., 2006).
Accordingly, all the small Characiformes species that we collected in this study (Astyanax
fasciatus, Astyanax eigenmanniorum, Cheirodon interruptus and Bryconamericus iheringii)
were more abundant when water transparency was below the median (Table 4).

Sites where water transparency was higher were characterized by more abundant popula-
tions of the Cyprinodontiformes Cresterodon decemmaculatus and Jenynsia multidentata.
J. multidentata is reported to prey on macroinvertebrate organisms attached to or living at the
plant surfaces (ESCALANTE, 1983), so visual performance in picking-up potential prey would
be important. Similarly, under-water light should be crucial for Cresterodon decemmaculatus
which largely prey on attached benthic and periphytic algae (Rosso, 2006) because turbidity-
associated alteration of light is clearly a factor regulating development of periphyton (WETZEL,
2001). In wind-exposed lakes, wind-induced resuspension may largely determine the under-
water light climate through attenuation by the water column and periphytic layer (VAN DUk
and VAN DoONK, 1991). On the other hand, eutrophication is characterized by a switch from
benthic to pelagic dominance of primary productivity (VADEBONCOEUR et al., 2003). Hence,
both causes of decrease in water transparency (eutrophication and resuspension) may help
clarify the underlying mechanisms behind the positive relationship between Cyprinodonti-
formes fishes and water transparency in these very shallow hypertrophic turbid lakes.

Surprisingly, the visual zooplanktivore Odontesthes bonariensis was positively related
with the narrow gradient in water transparency explored in this study. This was a somewhat
unexpected result. The trophic cascade theory predicts that the feeding activity of such a
size-selective zooplanktivorous species would be conducive to a situation of less herbivory
by large zooplankton and high turbidity for phytoplankton biomass (SHAPIRO and WRIGHT,
1984; CARPENTER et al., 1985). Indeed, the negative effect of Odontesthes bonariensis on
large zooplankton biomass both experimentally (BovERI and QUIROS, 2002) and empirically
(QuUIROS, 1998; RENNELLA and QUIROS, 2002) as well as its effects on phytoplankton biomass
in biomanipulated lakes (SosNOVSKY and QUIROS, 2009) have already been demonstrated for
Pampean lakes. However, Odontesthes bonariensis is known to be negatively affected by
organic eutrophication from anthropogenic (urban, industrial and municipal) sources (Rosso
and QUIROS, 2009). In addition, in hypertrophic highly human-impacted waters where total
phosphorous concentration (TP) is highly correlated with the Chl-a (QUIROS et al., 2002b)
this inland atherinid was negatively related with TP (Rosso and QUIROS, 2007). As a conse-
quence, the abundance of the zooplanktivore Odontesthes bonariensis would be expected to
decline at the highest levels of phytoplankton biomass. This “water quality” effect may help
to explain why this visual zooplanktivore was more abundant toward the “clearer” extreme
of the narrow gradient in water transparency explored in this study. Hence, the negative
impacts derived from eutrophication on the relationships between Odontesthes bonariensis
and lower trophic levels dynamics should not be disregarded. Similarly, it would be expected
that the relative contribution of other zooplanktivore fishes to zooplankton dynamics could
be of minor importance at high levels of algal turbidity if zooplanktivore species are prone
to be negatively affected by eutrophication.

© 2010 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.revhydro.com



152 J. J. ROSSO et al.
5. Conclusions

Traditionally, gradients from extremely turbid to clear waters (QUIROS et al., 2002a) and
alternative stable states (SCHEFFER, 1998) have been used to explore patterns in the structure
of biotic communities of shallow lakes, including fish. We present here empirical evidence
to postulate that the abundances of some fish species in highly turbid lakes are also associ-
ated with water transparency. This represents an interesting result for turbid hypertrophic
environments where narrow ranges in water transparency were traditionally neglected as a
controlling force for fish assemblages.

However, our results also showed that the abundances of these species, apart from Coryd-
oras paleatus, were not related solely to water transparency but also to major hydrological,
abiotic and anthropogenic gradients of the system. Therefore, it is likely that these gra-
dients in combination with water transparency, are more important in structuring the fish
assemblage than any of these variables on their own. It is also probably true, that the total
contribution of water transparency, albeit significant, will be of relative smaller magni-
tude when compared with the striking hydrological, abiotic and anthropogenic gradients.
Indeed, commonly abundant species such as Cyphocharax voga, Cyprinus carpio and Para-
pimelodus valenciennis that are significantly affected by these conspicuous gradients (Rosso
and QUIROS, 2009) were not related at all with water transparency. Nevertheless, this study
shows how water transparency patterns may still be important for some species in highly
turbid waters with extremely narrow gradients in Secchi disc depth.
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