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ABSTRACT

Quirds, R. 1995. The effects of fish assemblage composition on lake water quality. Lake and Reserv. Manage. 11(4):291-
298.

Current trophic cascade theories predict that changes in the piscivore to planktivore biomass ratio wili cascade
down the food web, and will cause both chlorophyll and water clarity to deviate from nutrient - predicted values in
individual lakes. An extensive survey of mid summer observations for nutrients, phytoplankton, zooplankton, and fish
in Argentinean lakes and reservoirs, were used to study the effects of planktivorous and piscivorous fishes on chlorophyll
concentrations and Secchi disk transparency. Regression analysis for different subsets of the data was used in this study.
Regressions of chlorophyll on total phosphorus and Secchi disk on total phosphorus differed significandy among lakes
with different fish assemblages. At comparable total phosphorus concentrations, lakes with planktivores but without
piscivores had the highest phytoplankton biomass and the lowest water clarity. In conclusion, the results show that the
fish assemblage composition has a dramatic effect on chlorophyll concentrations and water transparency when nutrient
effects have been accounted for.

Key Words: TP-Chl relationships, chlorophyll, water transparency, total phosphorus, planktivore fish, lake comparisons,

Argentinean lakes.

Regressions between the chlorophyll a
concentrations (Chl) or the Secchi disk transparencies
(SDT) and the total phosphorus concentrations (TP)
of many lakes, are important tools to predict those
water quality parameters from nutrient loading
information (Vollenweider 1969, Dillon and Rigler
1975, OECD 1982). However, many different
chlorophyll-on-total phosphorus regressions now exist
(Dillon et al 1988), and several factors have been
shown to be responsible for residual variance in these
models (see Nicholls and Dillon (1978) and Quirds
(1990Db) for overviews). Some of these factorsare usually
associated with interrelated internal processes specific
to individual lakes, like oxygen conditions at the
sediment-water interface (Riley and Prepas 1984,
Nurnberg 1988), submersed macrophyte development
(Canfield etal 1984), nitrogen limitation (Smith 1979,
1982), water color (Canfield and Hodgson 1983),
phosphorus availability (Peters 1981), or ecosystem
biotic structure (Shapiro 1980, Pace 1984).

The effect of fish on lower trophic levels has been
shown in whole-lake studies (Hrbacek et al 1961, 1978,
Shapiro and Wright 1984, Carpenter et al 1987,
Benndorf et al 1988, Vanni et al 1990, among others),
andinter-lake comparisons (Quirés 1990b, 1991, Lyche
et al 1990, Quirds submitted). Fish effects on algal
biomass at different time and space scales have been

291

reviewed by Northcote (1988), and the role of fish in
the regulation of phosphorus availability in individual
lakeswas studied by Kitchell etal (1979) and Nakashima
and Leggett (1980). Current “biomanipulation”
theories (Shapiro 1980, Carpenteretal 1985, McQueen
et al 1986) predict that changes in piscivore to
planktivore biomass ratio will cascade down the food
weband will cause chlorophyll concentrations to deviate
from nutrient-predicted values (McQueen et al 1989).

The main purpose of this paper is to describe the
relations of fish community composition to algal
biomass and water clarity, at comparable TP
concentrations, in an inter-lake comparison. The data
set is comprised of mid-summer observations of
nutrients, phytoplankton, zooplankton, and fish in
lakes and reservoirs of Argentina (Quirés 1988, 1990a,
Quirds et al 1988, Quirés submitted).

Description of Study Area

The study lakes and reservoirs represent a wide
range of trophic conditions (Table 1) and are located
between 25 and 55 ° § latitude throughout the central-
western and northwestern arid regions of Argentina,
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the Pampa Plain, the Patagonian Plateau, the
Patagonian Andes, and Tierra del Fuego. More than
half ofthe northwestern reservoirs had verylow dissolved
oxygen concentrations in the hypolimnion at the time
of sampling. Most of the fish species there have been
introduced from outside Argentina or from other river
basins in Argentina (Quirés et al 1988). The deepest
lakes are situated in the Patagonian Andes and Tierra
del Fuego. Amajority of these lakes has been successfully
colonized byintroduced salmonids (Baigun and Quirés
1985). Allsites in the Pampa Plain are shallow eutrophic
to hypertrophic lakes, and they are practically the only
Argentinean lakes with arelatively high fish community
diversity (Ringuelet 1975). Two species of the
Atherinidae family, Odontesthes bonariensis (Argentinean
silverside) and Odontesthes microlepidotus (Patagonian
silverside), have been reported to be visual
zooplanktivorousand microbenthophagous (Ringuelet
etal 1967, Ferriz 1987). The former species is common
to most lakes and reservoirs in the Pampa Plain and in
the arid centralwestern and northwestern regions.
The latter is common to most Patagonian lakes except
Tierra del Fuego lakes. Other zooplanktivorous fish
speciessuch as the small Characidae in the Pampa lakes
and northern reservoirs, and the native Galaxiidae and
Aplochitonidae in the Patagonian lakes, were either
absent in the samples or their catch was not repre-

sentative of their abundance in the study lakes. On the
other hand, piscivoryisnot widespread in Argentinean
waters. Species of the genera Salmo and Salvelinus,
often piscivorous as adults, are relatively common in
southern glacial lakes, butrainbow trout (Oncorhynchus
mykiss) are usually the most common salmonid species
found there. Moreover, the large mouth Patagonian
perch (Percichthys colhuapiensis), a fish native to
Patagonia, has been reported to be piscivorous as an
adult (R. A, Ferriz, pers. comm., MACNBR, Ictiologia,
Av. Angel Gallardo 470, 1405 CF, Buenos Aires,
Argentina). It was relatively abundant in lakes and
reservoirs of the Patagonian Plateau (Quirés et al
1988). Hoplias malabaricus, a perch-like piscivore of the
Erythrinidae family associated with macrophyte beds,
was only abundant in the Pampa Plain. Piscivory is
practically non-existent in central-western and
northwestern reservoirs (Quirés et al 1988).

Methods and Data
Management

Limnological and fish data used in this study were
collected during an extensive mid-summer survey of
110 lakes and reservoirs in Argentina (ARLARE data)

Table 1.—Mean and range for some limnological and fish characteristics measured in Argeninean lakes and

reservoirs.
Sites with planktivores but with both piscivores without
without piscivores and planktivores planktivores
(n=42) (n=16) (n=38)
Area (km?) 66.6  (0.09 - 1984) 167.1  (1.4-816) 359  (0.3-580)
Mean depth (m) 122 (1.1-59.0) 384  (1.2-157) 41.6  (0.7-166)
Secchi disk (m) 2.3 (0.18-16.5) 3.9 (0.15-19.0) 82 (0.17-14.5)
Total phosphorus (mg m*) 104 (3-1250) 163 (1-1288) 41 (2-350)
TN:TP ratio (molar) 65 (16-186) 85 (9-235) 119 (5-273)
Chlorophyll ¢ (mg m?®) 40.6  (0.29405) 26.3 (0.16-166) 58  (0.21-113)
Planktivore biomass 59.2 (0.1-435) 37.3  (0.20-205) -
(kg night' per
standard gillnet)
Piscivore biomass (kg night! - 14.6 (0.69-51.6) 15.5 (0-277)
per standard gillnet)
Mean macrozooplankton body 2.3 (0.8-3.9) 2.8 (1.5-4.5) 44 (1.0-16.3)
weight (ug dry weight ind?)
Dissolved oxygen at 5.2 (0.01-10.3) 7.8 (0.06-12.2) 88 (2.8-11.1)

sediment-
water interface (mg L)
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from 1984 to 1987 (Quirds 1988, 1990a, 1990b, Quirds
etal 1988). Eachssite wasvisited once. Sampling stations
were situated over the deepest part of the basin for
lakes, and within 500 m to 2 km from the impounding
dam for reservoirs. Secchi disk transparency (SDT, m)
was determined with a 25 ¢m black-and-white disk.
Chlorophyll a (Chl, mg m*), total phosphorus (TP, mg
m*), total organic nitrogen, nitrate, and nitrite were
determined from samples collected ata depth of 0.5 m.
Nutrientswere determined according to APHA (1975)
and Golterman etal (1978). Chlorophyll  (uncorrected
for phaeopigments) was measured according to Stauffer
etal (1979). The analytical methods used have been
described previously (Quirds 1988, 1990a).

Fishsampleswere collected usingan experimental
nylon gillnet composed of nine 50 m panels ranging
from 42 to 170 mm stretched mesh. Floating sets were
made overnight, usually for 12 h. A measure of relative
standing stocks of fish by biomass was made on the basis
of the mean weight of all fish caught per overnight set
for the experimental gillnets. Equal fish vulnerability
to gillnets among all lakes was assumed. Further details
on the method of fish sampling are provided in Quirés
(1990a).

Zooplankton samples were collected usinga 53 um
mesh net with an opening of 0.40 m. Tows were made
from 0.5 mabove bottom to the surface in shallow lakes
and from 50 m below the surface in deeper systems; in
either case, epilimnetic waters were usually sampled. A
100% capture efficiency was assumed. Macro-
zooplankton biomass was calculated from size and
abundance data (Menu Marque and Marinone 1986,
Quirds et al 1988). Cladocerans and post naupliar
copepods and considered to be macrozooplankton.
Further details on the method of zooplankton sampling
are provided in Menu Marque and Marinone (1986).

Sites with high inorganic turbidity were excluded
as outliers (Quiros 1990b). Two lakes with incomplete
data for zooplankton, one acidic lake without fish, and
one lake situated in the Pampa Plain (Indio Muerto
Lake) with extremely low macrozooplankton biomass
and the only lake with Mugilsp. at sampling, were also
excluded (Quirds 1990b, 1991). The resulting data
base consisted of 96 lakes and reservoirs.

Regression analyses were made of the entire data
set and of three fish data subsets (Table 1). These fish
subsets were defined as: 1) lakes with planktivorous
fishes and without piscivores (n = 42); 2) lakes with
both piscivores and planktivores (n=16); and 3) lakes
without planktivores, but with or without piscivores
(n = 38). To study trophic state effects, three TP data
subsets were also analyzed. A general F-test (Weisberg
1980) was used to compare regression models. Stepwise
multiple regression analysis was applied to the total
data and the data subsets using aspects of climate, lake
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Fig. l.—Therelationship between total phosphorus and chlorophyll
concentrations for study lakes and reservoirs. The regression lines
for: 1. sites with planktivores but without piscivores (@), 2. sites with
both planktivoresand piscivores (ll), and 3. siteswithout planktivores
and with or without piscivores (Q), are presented.

morphometry, nutrient content, fish assemblage
composition, and biological standing stocks as potential
regressors. The collection frequencies of planktivores
(Argentineansilverside and Patagoniansilverside) and
of piscivores (Hoplias malabaricus, Salmo trutta, Salmo
salar sebago, Salvelinus fontinalis, Salvelinus namaycush,
and Percichthys colhuapiensis) ,and the ratio of the biomass
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Fig. 2.—The relationship between total phosphorus concentration
and Secchi disk transparency for study lakes and reservoirs. The
regression lines for: 1. sites with planktivores but without piscivores
(@), 2. sites with both planktivores and piscivores (W), and 3. sites
without planktivores and with or without piscivores (O), are presented.
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of piscivores to that of planktivores plus piscivores were
used as surrogates of fish assemblage composition. The
latter ratio was assigned a value of unityin lakes without
both planktivores and piscivores. Mean macro-
zooplankton size (MASI) was estimated by mean body
weight (ug dry weight per individual) as the ratio
between biomass (ug dry weight L) and abundance
(number of individuals L?). The dissolved oxygen
concentration at 0.50 m above the bottom was used as
a rough index of oxygen concentration at the water-
sediment interface, and the lake mean depth to Secchi
depthratio (ZMEAN/SDT) was used as a surrogate for
submersed macrophyte development (Quirés 1990b)
and subsurface light availability (Reynolds and Walsby
1975). Tostabilize the variance, all the variables except
dissolved oxygen concentration and fish biomass ratios
were log-transformed, and proportions were
transformed to their arc-sine (Draperand Smith 1981).
In multiple regression models, only significantvariables
(partial Fvalue >4) with low covariation with previously
included regressor variables (R? < 0.40), were forced
into the regression equation. The Number Cruncher
Statistical System (NCSS) (Hintze 1988) was used.

Results

Fish Data Subsets

The total phosphorus - chlorophyll (Fig. 1, Table
2) relationship differed significantlyamongregressions
for lakes with different fish assemblages (F = 14.2, P<
0.0001). A three TP-Chl lines regression model fits to
the data much better (Fig. 1). Lakes with planktivores
but without piscivores showed the highest
phytoplankton biomass, at comparable TP con-
centrations. As shown before (Quirés submitted), the
TP-Chl regressions differed more between sites with
planktivores but without piscivores, and sites with both
(F = 5.66, P < 0.01), than between the latter sites and
those without planktivorous fishes (F = 4.66, P < 0.05).

On the other hand, the total phosphorus - Secchi
disk (Fig. 2) relationship also differed significantly
among regressions for lakes with different fish
assemblages (F = 10.2, P < 0.0001). Lakes with
planktivores but without piscivores showed the lowest

Table 2.—Simple regression models for chlorophyll a concentration (mg m*) and Secchi disk transparency (m)
on total phosphorus concentration (mg m®). All the variables were log_ transformed.

Data Set n Parameters SE slope R?
a b
chlorophyll
Total 96 -1.949 1.08 0.06 0.78
PLANKT+/PISC- 42 -1.347 1.08 0.09 0.77
PLANKT+/PISC+ 16 -1.738 0.98 0.09 0.90
PLANKT-/PISC+ 38 -1.897 0.83 0.08 0.73
Secchi disk
Total 96 3.178 -0.72 0.04 0.77
PLANKT+/PISC+ 58 2.760 -0.68 0.05 0.79
PLANKT-/PISCt 38 3.220 -0.58 0.06 0.71

Note: all the regressions significant with P < 0.001 (F-test)
PLANKT+ = sites with planktivores, PLANKT- = sites without those fish
PISC+ = sites with piscivores, PISC- = sites without those fish

PISC# = sites with or without piscivores
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Table 3.—The coefficient of determination (R?) for simple regression models of chlorophyll a and Secchi disk
depth on total phosphorus (TP) for fish and TP data subsets.

TP data subsets Fish data subsets
TP<9 9<TP<50 TP>50 PLANKT+ PLANKT+ PLANKIT—-
PISC- PISC+ PISC+
Chlorophyll 0.39 0.23 0.37 0.77 0.90 0.73
Secchi disk 0.23 0.27 0.32 0.78 0.83 0.71

PLANKT+ = sites with planktivores, PLANKT- = sites without those fishes

PISC+ = sites with piscivores, PISC- = sites without those fishes

PISCt = sites with or without piscivores

transparency, at comparable TP concentrations.
However, this regression did not differ from that from
lakes with both planktivores and piscivores (F = 1.67,
P =0.21). Therefore, a two-line regression model, one
for lakes with planktivores and the other for lakes
without those fishes, fits the transparency data better
(Table 2).

As expected, there were no significant differences
amongregressionswhen the chlorophyll concentration-
Secchi disk transparency relationship was analyzed.

Total Phosphorus Data Subsets

Multiple regression techniques were used to study
the relative effects of total phosphorus and other
internal variables on chlorophyll concentration and
Secchi disk transparency (Quirés 1990b, 1991, Quirés

Table 4.—The most important variables explaining
chlorophyll (Chl) and Secchi disk (SDT) variability.

Data Set Chl SDT
Total TP TP
Fish subsets TP TP
TP <9 TN:TP, DOb TP
9<TP <50 P1/(PI+PL) P1/(PI+PL)
%PL, MASI %PL, %P1, MASI
TP > 50 ZMEAN/SDT ZMEAN/SDT

TN:TP = total nitrogen to total phosphorus ratio
P1/(PI+PL) = piscivore to piscivore plus planktivore ratio
%PL = frequency of planktivorous fish

%P1 = frequency of piscivorous fish

MASI = mean macrozooplankton body weight
ZMEAN/SDT = mean depth to Secchi depth ratio

submitted, this study). For the overall data set and for
subsets of different fish assemblages, total phosphorus
was the best single predictor of chlorophyll
concentration and Secchi disk transparency (Tables 3
and 4). However, the variability explained by TP
decreased appreciably when subsets of the data
representing smaller ranges of TP data subsets were
analyzed. This was unexpected, but a more surprising
result was that other variables were more effective than
total phosphorus in explaining chlorophyll and Secchi
diskvariation (Table 4). Thisis especially for TP ranging
between 9 and 50 mg m?, where sharp changes in
planktivore and piscivore biomass are displayed (Table
5). In summary, the effectiveness of total phosphorus
in explaining the changes in algal biomass and in water
clarity decreases drastically when sudden changes in
piscivore to planktivore ratio occur (Table 5).

Discussion and Conclusions

Fish assemblage composition greatly affects algal
biomass and water clarity in cross-lake comparisons
(Quirds 1990b, 1991, Quirds submitted, this study), in
enclosures and in whole-lake biomanipulations
(Anderson et al 1978, Shapiro and Wright 1984,
Carpenter et al 1987, Vanni et al 1990, McQueen et al
1990a for an overview), as expected from the current
trophic cascade theories (Shapiro 1980, Carpenter et
al1985,McQueen etal 1986). However, other variables
are also important {(Quirds 1990b, Quirds submitted).

The resultssuggest that the fish affect algal biomass
through food webinteractions. The highestdifferences
in chlorophyll were found between lakes where
planktivores were not controlled by piscivores and
lakes where planktivores were controlled or absent. On
the other hand, the effects of fish on water clarity may
be related both to trophic cascades and to bottom
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disturbance where atherinid fish feed on the benthos.
There were no significant differences in water clarity
between lakes where planktivores were uncontrolled
and those where planktivores were controlled.

The regression models for the fish subsets predict
better than the single regression model based on all the
data. For chlorophyll, the three lines for different fish
classes explain from a two-fold difference in oligotrophic
lakes of similar TP concentration to more than an
eight-fold difference in hypertrophic lakes. On the
other hand, the regressions explain differences of 1.5
to 3 times for Secchi disk range. Those results are more
closelyrelated to increases in the relative abundance of
planktivorous fish with lake trophic state than to an
increase of the trophic state itself.

Both total nitrogen concentration and the TN: TP
ratio had slight effects on chlorophyll and Secchi disk
variability after TP effects had been accounted for (less
than 1%). However, TN:TP ratio was a significant
variable when included in multiple regression models
after TP, fish, and zooplankton variables (Quirés
1990b) . An unexpected result was that TN:TP explained
some residual variability in chlorophyll and Secchi disk
only for lakes where planktivores were not controlled
and where the mean TN: TP was the lowest (Table 1).
TN:TPwas not effective for the other two types of lakes.

The three regression lines for different fish
assemblages and the multiple regressions are all
consistent in their descriptions of lake data. The three
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regressions pattern for separated fish assemblages is
confirmed by results from multiple regression analyses:
the models for both chlorophyll concentration and
Secchi disk transparency include TP, the ratio of
piscivore biomass to piscivore plus planktivore biomass,
and the mean macrozooplankton body weight as
independent variables (Table 5). These models fit the
data better than the several regression lines (Table 2).
The effects of these internal variables might not be
evenlydistributed along the trophic continuum (Quirds
submitted, this study), and also might reflect complex
interactions among system components in individual
lakes (Carpenter and Kitchell 1988).

Similar fish effects are displayed for a set of
Norwegian lakes with different intensities of fish
predation (Lyche et al 1990, Fig. la). Planktivore
effects on water clarity and on chlorophyll deviations
from current TP - Chl regressions have been shown by
McQueen et al (1990a) for a small lake set.

The control of nutrientloading combined with the
manipulation of fish communities has been
recommended to improve water quality in eutrophic
lakes (Benndorf 1987, 1988, 1989, McQueen et al
1990a, Shapiro 1993 among others). However, the
management of lake water quality by biomanipulation
techniques is still controversial (McQueen et al 1986,
Benndorf 1987, DeMelo et al 1992, Carpenter and
Kitchell 1992, Shapiro 1993, MS). My results reinforce
the worldwide importance of total phosphorus in

Table 5.—The percent change in the root mean square error (% RMSE) that would result if the indicated variable

were removed from the multiple regression equation.

Independent Lake sets
variables
Total 9< TP <50 PLANKT+/PISC- PLANKT+/PISC+
(n =96) (n =32) (n =42) (n=16)

Chl SDT Chl SDT Chl SDT Chl SDT
TP 118.4 100.0 17.8 20.7 111.5 120.6 202.9 131.8
MASI 5.6 4.4 7.5 7.3 5.8 7.5 ns ns
PI/(PI+PL) 11.6 5.4 13.0 7.2 - - ns ns
TN:TP * * ns ns * * ns ns
COLOR *ok * ns ns ns ns ns ns
R? 0.867 0.837 0.629 0.594 0.800 0.817 0.898 0.826

Note 1: all the regressions significant with P < 0.001 (F-test)
Note 2: Not included variables:

*, significant (P < 0.05) but high covariation

**, significant (P < 0.05) but positively related
ns, not significant (P > 0.05) for the presented models
TP = total phospherus, MASI = mean macrozooplankton body weight, COLOR = water color

P1/ (PI+PL) = piscivore to piscivore plus planktivore biomass

PLANKT+ = sites with planktivores, PISCG+ = sites with piscivores, PISC- = sites without piscivores
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determining algal biomass in lakes and show dramatic
effects of fish on algal biomass and water clarity.
However, the change in piscivorous to planktivorous
fish biomass appears to be more an effect than a cause
of the eutrophication processes (Quirés submitted)
and this conclusion raises important questions
concerning how changes in fish assemblage
composition are related to trophic state changes for
lakes.

ACKNOWLEDGEMENTS: Research was supported by
the National Fishery Research and Development
Institute (INIDEP) and grant PID 3-017400/85 from
the Argentinean National Science Council (CONICET)
to the author, Special thanks are due to R. A. Ryder for
his advice on the research program. I am also grateful
to J. Shapiro, R. H. Peters, and V. Smith for improve-
ments in an early version of the manuscript.

References

Anderson, G., H. Berggreen, G. Cronberg, and C. Gelin. 1978.
Effects of planktivorous fish on organisms and water chemistry in
eutrophic lakes. Hydrobiologia 59: 9-15.

APHA (American Public Health Association), American Water Works
Association, and Water Pollution Control Federation. 1975.
Standard methods for the examination of water and wastewater,
14th edition. American Public Health Association, Washington,
DC, USA.

Baigun, C. R. M., and R. Quirés. 1985. Introduccion de peces
exoticos en la Republica Argentina. Informes Tecnicos del
Departamento de Aguas Continentales N° 2. Instituto Nacional
de Investigacion y Desarrollo Pesquero, Mar del Plata, Argentina.
90 p.

Benndorf, ]. 1987. Food web manipulation without nutrient control:
a useful strategy in lake restoration? Schweiz. Z. Hydrol. 49: 237-
248.

Benndorf, |J. 1988. Objectives and unsolved problems in
ecotechnology and biomanipulation: a preface. Limnologica
(Berlin) 19: 5-8.

Benndorf, J. 1989. Food-web manipulations as a tool in water-quality
management. JWSRT-Aqua 38:296-304.

Benndorf, J., and Others. 1988. Food web manipulation by
enhancement of piscivorous fish stocks: long-term effects in the
hypertrophic Bautzen Reservoir. Limnologica (Berlin) 19:97-110.

Canfield, D. E,, and L. M. Hodgson. 1983. Predictions of Secchi
depths in Florida lakes: impact of algal biomass and organic
color. Hydrobiologia 9951-60.

Canfield, D. E. Jr., J. V. Shireman, D. E. Colle, W. T. Haller, C. E.
Watkins, I, and M. J. Maicena. 1984. Prediction of chlorophyll a
concentrations in Florida lakes: importance of aquatic
macrophytes. Can. J. Fish. Aquat. Sci. 41:497-501.

Carpenter, S. R,, and ]. F. Kitchell. 1988. Consumer control of lake
productivity. Large-scale experimental manipulations reveal
complexinteractionsamonglakes organisms. BioScience 38:764-
769.

Carpenter, S. R, and ]. F. Kitchell. 1992. Trophic cascade and
biomanipulation: Interface of research and management - A
replyto the commentby DeMelo etal. Limnol.Oceanogr. 37:208-
213.

Carpenter, S. R,, J. F. Kitchell, and J. R. Hodgson. 1985. Cascading

trophicinteractionsand lake productivity. BioScience 35:634-639.

Carpenter, S. R, J. F. Kitchell, ]. R. Hodgson, P. A. Cochran, ].]. Elser,
M. N. Elser, M. N. Elser, D. M. Lodge, D. Kretchmer, X. He, and
C. N.von Ende. 1987. Regulation of lake primary productivity by
food web structure. Ecology 68:1863-1876.

DeMelo, R., R. France, and D. J. McQueen. 1992. Biomanipulation:
Hit or myth? Limnol. Ocenogr. 37:192-207.

Dillon, P.]J., and F. H. Rigler. 1975. A simple method for predicting
the capacity of a lake for development based on lake trophic
status. J. Fish. Res. Board Can. 32:1519-1531.

Dillon, P. J., K. H. Nicholls, B. A. Locke, E. de Grosbois,and N. D. Yan.
1988. Phosphorus- phytoplanktonrelationshipsin nutrient-poor
soft-water lakes in Canada. Verh. Internat. Verein. Limnol. 23:258
264.

Draper, N. R., and H. Smith. 1981. Applied regression analysis. John
Wiley & Sons, Inc., New York, USA. 709 p.

Ferriz, R. A. 1987. Alimentacién del pejerrey patagonico Patagonina
hatcheri (Eigenmann, 1909) en el embalse “Ramos Mexia”,
Neuquen, Argentina. Rev. Museo Argentino de Ciencias Naturales
“Bernardino Rivadavia”. Serie Hidrobiologia 6 (9):61-66.

Golterman, H. L., R S. Clymo, and M. A. M. Ohnstad. 1978. Methods
for physical and chemical analysis of freshwaters. IBP
(International Biological Programme) Handbook 8, 2nd. ed.
Blackwell Scientific Publications, Oxford, England. 214 p.

Hintze,]. L.1988. Number cruncher statistical system (NCSS) .Version
5.1. Graphics. Dr. Jerry L. Hintze. Kaysville, Utah, USA, 69 p.

Hrbacek, J., M. Dvorakova, V. Korinek, and L. Prochazkova. 1961.
Demonstraton of the effect of the fish stock on the species
composition of zooplankton and the intensity of metabolism of
the whole plankton association. Verh. Internat. Verein. Limnol.
14:192-195.

Hrbacek, J., B. Desortova, and J. Popovsky. 1978. Influence of the
fishstock on the phosphorus - chlorophyll ratio. Verh. Internat.
Verein. Limnol. 20:1624-1628.

Kitchell, J. F., R. V. O'Neill, D. Webb, G. W. Gallepp, S. M. Bartell, J.
F. Koonce, and B. S. Ausmus. 1979. Consumer regulation of
nutrient cycling. BioScience 29:28-34.

Lyche, A., B. A. Faafeng, and A. Brabrand. 1990. Predictability and
possible mechanisms of plankton response to reduction of
planktivorous fish. Hydrobiologia 200/201:251-261.

McQueen,D.].,]. R.Post,and E. L. Mills. 1986. Trophicrelationships
in freshwater pelagic ecosystems. Can. J. Fish. Aquat. Sci. 43:1571-
1581.

McQueen, D. ]J., M. R. S. Johannes, ]. R. Post, T. J. Stewart, and D. R.
S. Lean. 1989. Bottom-up and top-down impacts on freshwater
pelagic community structure. Ecol. Monogr. 59:289-309.

McQueen, D. J., M. R. 8. Johannes, N. R. Lafontaine, A. S. Young, E.
Longbotham, and D. R. S. Lean. 1990. Effects of planktivore
abundance on chlorophyll a and Secchi depth. Hydrobiologia
200/201:337-342.

Menu Marque, S.,and M. C. Marinone. 1986. El zooplankton de seis
lagos del Chubut (Argentina) y sus probables relaciones con la
ictiofauna y algunos factores ambientales (p. 90-114). En . Vila
y E. Fagetti (eds.): Trabajos presentados al Taller Internacional
sobre ecologia y manejo de peces en lagos y embalses. Santiago,
Chile, 5-10 de noviembre de 1984. COPESCAL Doc. Tec. 4, 237 p.

Nakashima, B. S., and W. C. Leggett. 1980. The role of fishes in the
regulation of phosphorus availability in lakes. Can. ]. Fish. Aquat.
Sci. 37:1540-1549.

Nicholls, K H., and P. J.-Dillon. 1978. An evaluation of phosphorus-
chlorophyll-phytoplankton relationships for lakes. Int. Revue
ges. Hydrobiol. 63:141-154.

Northcote, T. G.1988. Fish in the structure and function of freshwater
ecosystems: a “top-down” view. Can. J. Fish. Aquat. Sci. 45:361-379.

Nurnberg, G. K., 1988. Prediction of phosphorus release rates from
totaland reductant-soluble phosphorusin anoxiclake sediments.
Can. J. Fish. Aquat. Sci. 45:453-462.

OECD, 1982. Eutrophication of waters: Monitoring, assessment and
control. Paris, France, 154 p.

—



298 QUIROS

Pace, M. L. 1984. Zooplankton communitystructure, butnotbiomass,
influences the phosphorus - chlorophyll a relationship. Can. J.
Fish. Aquat. Sci. 41: 1089-1096.

Peters, R. H. 1981. Phosphorus availability in Lake Memphremagog
and its tributaries. Limnol. Oceanogr. 26:1150-1161.

Quirés, R. 1988. Relationships between air temperature, depth,
nutrients, and chlorophyllin 103 Argentinianlakes. Verh. Internat.
Verein. Limnol. 23:1107-1123.

Quirés, R. 1990a. Predictors of relative fish biomass in lakes and
reservoirs of Argentina. Can. J. Fish. Aquat. Sci. 47:928-939.
Quirds, R. 1990b. Factors related to variance of residuals in
chlorophyll-total phosphorus regressions in lakes and reservoirs

of Argentina. Hydrobiologia 200/201:343-355.

Quirés, R. 1991. Empirical relationships between nutrients, phyto
and zooplankton, and relative fish biomassin lakes and reservoirs
of Argentina. Verh. Internat. Verein. Limnol. 24:1198-1206.

Quirés, R. Fish effects on pelagic-trophic relationships in a
comparative lake study. (submitted).

Quirés, R., C. R. M. Baigun, S. Cuch, R. Delfino, A. de Nichilo, C.
Guerrero, M. C. Marinone, S. Menu Marque, and M. C. Scapini.
1988. Evaluacion del rendimiento pesquero potencial de la
Republica Argentina: I. Datos 1. Instituto Nacional de
Investigacion y Desarrollo Pesquero. Informes Tecnicos del
Departamento de Aguas Continentales No. 7, 55 p.

Reynolds, C. S., and A. E. Walsby. 1975. Waterblooms. Biol. Reviews
50:437-481.

Riley, E. T., and E. E. Prepas. 1984. Role of internal phosphorus
loadings in two shallow, productive lakes in Alberta, Canada.
Can. J. Fish. Aquat. Sci. 41: 845-855.

Ringuelet, R. A.. 1975. Zoogeografia y ecologia de los peces de las
aguas continentales de la Argentina y consideraciones sobre las
areas ictiologicas de America del sur. Ecosur 2:1-122.

Ringuelet, R. A, R. H. Aramburu, and A. Alonso de Aramburu. 1967.
Los peces argentinos de agua dulce. Comision de Investigacion
Cientifica. Gobernacion de la Provincia de Buenos Aires, La
Plata, Argentina, 602 p.

Shapiro, J. 1980. The importance of trophic-level interactions to the
abundance and species composition of algae in lakes p. 105-116.
InBarica, J. and L.R. Mur (eds.) Hypertrophic ecosystems. Junk
Publ., The Hague, Netherlands.

Shapiro, J. 1993. Biomanipulation - A personal view (MS).

Shapiro, J., and D. I. Wright. 1984. Lake restoration by
biomanipulation: Round Lake, Minnesota, the first two years.
Freshwat. Biol. 14:371-383,

Smith, V. H. 1979. Nutrient dependence of primary productivity in
lakes. Limnol. Oceanogr. 224:1051-1064.

Smith, V. H. 1982. The nitrogen and phosphorus dependence of
algal biomass in lakes: An empirical and theoretical analysis.
Limnol. Oceanogr. 27:1101-1112.

Stauffer, R. E., G. F. Lee, and D. E. Armstrong. 1979. Estimating
chlorophylt extraction biases. J. Fish. Res. Board Can. 36:152-157.

Vanni, M. J,, C. Luecke, J. F. Kitchell, Y. Allen, J. Temte, and J. J.
Magnuson. 1990. Effects on lower trophic levels of massive fish
mortality. Nature 344:333-335.

Vollenweider, R. A. 1969. Moglichkeiten und Grenzen elementarer
Modelie der Stoffbilanz von Seen. Arch. Hydrobiol. 66:1-36.
Weisberg, S. 1980. Applied linear regression. John Wiley and Sons,

Inc, New York. 283 p.



