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Abstract

TERZIYSKI, D.,L.NIKOLOVA, L. HADJNIKOLOVA,A. STOEVA and R. KALCHEV, 2008. Investi-
gation of ducksinfluenceupon nutrientsin carp pondsby meansof RDA (redundancy analysis). Bulg. J. Agric.
i, 14: 221-226

Integrated breeding of fish and ducks in fish ponds during the course of three years has been investigated
(2000-2002). The polyculture applied has included carp (Cyprinus carpio, Linn), bighead carp (Aristichthys
nobilis Rich.) and grass carp (Ctenopharingodon idella Val.). The grass carp has been absent from the com-
position of the polyculture used in 2001. Some of the ponds has been used as control, whilein the remaining, a
definite number of ducks have been grown (140-350 numbers per ha), by one, two or three runs (series) per year,
for aperiod of 15-52 days each, within the interval May-September. The final result of ducks' and of the other
variable influence upon the nutrient concentrations of the aguatic environment by using the RDA (redundancy
analysis) at different degrees has been determined in this paper. The overgrowing of pondswith macrophytesand
the redundancy with ducks have been the most significant factors, which haveinfluenced upon the nutrients. The
differences among nutrient concentrationsin the control ponds (Duck0) and thosewith 1, 2 and 3levels of loading
(P=0.01 for the 1 level and 0.005 for the second and third), as well as those with the 1 and 3 (P=0.005) levels,
have been significant. The differences between the ponds with the 1 and 2 levels, as well as those with 2 and 3
levels have been not significant (P=0.06 and P=0.08).

Keywords: fish-cum-duck farming, multivariate analys's, fish ponds, phosphate, ammonium and nitrate con-
centration

I ntroduction

The analysis from the many years' experience
gained concerning theintegrated breeding of fish and
ducks (Cherfas and Zernishko, 1946; Goflin and
Suhoverhov, 1955; Shoshkov, 1977) has shown that
theinvestigationsinthisfield arestill going on, inthe
developing countriesmostly (Ali etal., 1992; Chand
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etal., 2006), someof themonly just have started their
application (for instance, Egypt, Solimanet d., 2000).
Our country hasgained much experienceinthisfield,
aswell (Grozev et al., 2001; Nikolova, 2003).
From environmental protection point of view, the
increased intensity of breedingin pondswithfishand
ducks has been accompanied by increasing of aguac-
ultureintensity and haslead to quicker recycling of
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nutrientsin thewater column and at the bottom of the
ponds. Thishascreated prerequisitesfor eutrophica-
tion of thelatter, to “blooming” of water, accompa
nied by oxygen deficiency (insufficiency) situations
(anoxia).

Concerning thekeeping of environmental equilib-
riumin every pond, the possibility discussed hasbeen
undesirable and has submitted the problem for opti-
mization of environmental protectioninthe pondsde-
pending on the overcrowding of ducksand fish-stock-
ing of ponds, aswell.

For countries, among which standsBulgaria, as
well, inwhichdl prerequisitesfor thiskind of activity
have been avail able, theinfluence of themain factors
group should becleared up—thenutrients, which have
been animportant component of ecological equilib-
rium in fish-breeding ponds, inhabited by fish and
ducks. Thisnecessity, aswell asthecircumstancethat
similar complex investigations upon carp-breeding
ponds have not been donein our country, has set the
purpose of thisstudy —to establish theinterconnec-
tions between the basic ecol ogical factorsin carp-
breeding ponds, at different technologiesof fishery in
polyculture.

Materials and Methods

Experimentsin 20 fish-breeding pondsfor inte-
grated growing of fish and ducks have been donein
the course of three years (2000-2002), during the
vegetation period (May-September). The average
pond depths have varied within 0.7-0.8 m, and their
area - 0.13-0.41 ha. Polyculture, including carp
(Cyprinus carpio, L.), bighead carp (Aristichthys
nobilis Rich.) and grass carp (Ctenopharingodon
idella Val.) has been applied in the fish-stocking of
the ponds. The grass carp has been absent fromthe
composition of the polyculture usedin 2001.

One part of the ponds has been used as control,
whileintheremaining part, adefinite number of small
duckshave been grown (140-350 numbers per ha),
once, twiceor thrice, for aperiod of 15to 52 days,
withintheinterval May-September. Thefollowingval-
ueshave been registered at every 2 weeksinterval:

1. Water temperature.

2. Secchi depth transparency.

3. Estimation by sight of the ponds overgrowing
percentage, with (Trapa natansL.) mostly, in %to
the pond area.

4. Estimation of pond theoretical residencetime
according to the surface water flow discharge.

5. pH —electrochemically, inthe surfacelayer of
thewater andinthedime.

6. Dissolved oxygen concentration, el ectrochemi-
caly, by usng oxymeter, OX1 96 type.

7.NH,-N and NO,-N colorimetrically, by using
Nessler' reagent, according to the Bulgarian State
Standard (BSS) 3587-79 and 3758-85 in the sur-
facelayer of thewater.

8. Thetotal nitrogeninthedimeby usingdistilla-
tionin Parnasse-Wagner apparatus.

9. PO,-Pcolorimetrically, by using molybdenum
reagent according to BSS 7210-838 in the surface
layer of thewater andinthedime.

10. Permanganate oxidability according to BSS
3413-77.

11. Biochemical oxyden demandfor fivedaysac-
cordingtoBSS17.1.4.07-78.

The presented in the above-manner values have
been divided into two groups: thefirst one—*“thenu-
trients” (NH,-N and NO,-N, PO,-P, IgN/P, Nitro-
geninthedime (Azot tin)); the second one—* Oxy-
gen contents’, “ Permanganate oxidability”, “BOD,”,
“Chlorophyll &', “ Secchi depth transparency”, “pH in
thesurfacelayer of thewater andinthedime’. These
two groups dated 2000, 2001, and 2002 have been
subjected to RDA (redundancy analysis). Thetime
components (by months and years) and the space
components (by ponds) of variability inthedataob-
tained have been analyzed separately by RDA. The
first group of ecological variableshasbeeninvesti-
gated in this paper, and the effect of theinfluence at
different extent of the duck breeding and the other
variables upon the nutrient concentrations of the
aquetic environment has been determined.

Intheir quality of independent (explanatory) vari-
ablesthefoll owing havebeen used: macrophytesover-
growing percentage, theoretical resdencetime, wa-
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ter temperature, pondsarea, chlorophyll a, pH inthe
surfacelayer of thewater andinthedime, “dissolved
oxygen concentration” and redundancy with ducks,
asit hasbeen presented below, intherespectivefig-
ures.

By using therate of pondsredundancy with ducks
(coefficient of pondloading with ducklings) ca culated
by Nikolova (2003; 2006), the frequency distribu-
tion hasoutlined 4 groups of ponds. Thefollowing
values have been accepted: ponds without ducks
(DuckO0); for 1 (Duckl) from 0.5-0.99; for 2 (Duck?2)
from 1-1.59; for 3 (Duck3) over 1.6. Thepondswere
grouped onthebasisof their technological character-
istics: surface area, depth and water flow discharge
for the period of the experiment.

Results and Discussion

Variations by separate ponds

By ponds, the share of thetota nutrient variability,
explained by meansof theindependent variables, like:
the overgrowing with macrophytes, the area of the
pondsand the degree of (duck loading) redundancy,
hasamounted to 10.1%, by taking into consideration
that thefirst main axis, aswell asthetotal variation at
level P=0.005 explained, have been significant. The
influenceof ducksupon variation of nutrientsby ponds
(Figure 1) hasbeen 5.2% of thetotal variation. The
areaof thepondsand their overgrowing can explain
about 3.7% (also significant for P=0.005), and the
total variability, which hasbeen explained by thetwo
groupsof factorsat the sametime, hasbeen 1.2% of
thetotal variation of nutrient data. Thereisatendency
for phosphate phosphorusvariationinthewater at a
higher extent than that of nitrate nitrogen, whileam-
monium nitrogen hasvaried withinasimilar extent.
Theratio N/P has been influenced negatively and
mostly by the phosphate phosphorus, whilenitrateand
ammonium nitrogen almost cannot correlatewithit.

Inthe pondswith asmaller number of ducks, the
conditionsof the aquatic environment have been not
so productive, mostly asregardstheratio N/P, which
hasincreased and hasbeen anindication of phospho-
ruslimitationincrease. It, however, could also bethe
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Fig. 1. Results of partial RDA analysis explain-
ing variations between ponds of the response
variables total nitrogen in the mud (Azot tinya),

phosphate phosphorus in the mud (P-tinya),
phosphate phosphorus in the pelagial (P-PO,),
natural logarithmic values of the ratio between
inorganic soluble nitrogen and phosphorus
compounds in the pelagial (LnN.P), nitrate
nitrogen (N-NO,) and ammonium nitrogen (N-
NH,, with vector almost coinciding with that of
P-tinya) by the explanatory variables natural
logarithmic values of the percent coverage with
macr ophytes (InM acr ophiti), area of ponds and
duck load, presented by 4 levels (Duck 0-3).
Black c ircle means sample originating from
ponds of O level duck loading, and then square -
first level, diamond - second level and triangle
— third level of duck loading

result of theincreased overgrowing with macrophytes,
which area so consumers of phosphate phosphorus.
In our previousinvestigations, we have also estab-
lished the sametendency (Grozev et a ., 2001). The
percentage increase of macrophytesovergrowingin
the separate ponds, hasnot accidentaly coincided with
the decreased influence of ducks, which suppresstheir
growth by troubling thewater or by direct consump-
tion.

Thenutrientsinthedimehavenot beeninfluenced
directly by theredundancy with ducks(loading). The
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phosphoruscontent inthedimehasvaried to agreater
extent than that of nitrogen. Asregardsnitrogenforms
inthewater column, agreater variation of ammonium
nitrogen has been observed, ascompared to nitrate
nitrogen. Inthelarger ponds, the phosphorus quantity
at the bottom hasbeen higher than that inthesmaller
ponds and that has been probably due to the better
sedimentation conditionsin thelatter.

Variations by redundancy with ducks

Thedifferencesinthe biogenic e ements between
control ponds (Duck0) and thosehaving the 1, 2 and
3 degree of redundancy (P=0.01 for the 1 degree
and P=0.005for the second and third degree of (load-
ing) redundancy), aswell as those between ponds
having the 1 and 3 degrees (P=0.005) havebeensig-
nificant. The differencesbetween pondshavingthe 1
and 2 degrees, aswell as between those with the 2
and 3 degrees have been not significant (P=0.06 and
P=0.08).

Variations by months

Thetotal, explained by theanalysisvariability of
thevaluesanalyzed concerning nutrients by months
(Figure 2) hasbeen about 6%. Thefirst main axishas
not been significant for P<0.05 and along its prolon-
gationtherehasnot beenaclear group divison of the
separate measurements by months; i.e. the monthly
variationsof biogenic elementshave been poor.

Thetotd variationexplained by thevariables which
describethe redundancy with ducks, the oxygen con-
tent and pH of the slime, however, has been signifi-
cant (P=0.005). The shareof ducks' influence upon
monthly variability of nutrients has been 4.2% of the
tota variability and hasnot been significant. Theoxy-
genwater content and the dlime pH haveinfluenced
upon them significantly (P=0.005), althoughit can
explainonly 2.5% of thetota variability explained.

Variations by years

Thefactors, deduced by means of the analysis,
which haveexerted aninfluenceupontheannud varia
tionsof nutrients (Figure 3) arethe degree of redun-
dancy of pondswith ducks. They can explain 15.2%
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Fig. 2. Results of partial RDA analysis explain-
ing month variations of response variables total
nitrogen in the mud (Azot tinya), phosphate
phosphorus in the mud (P-tinya), phosphate
phosphorus in the pelagial (P-PO,), natural
logarithmic values of the ratio between inor-
ganic soluble nitrogen and phosphorus com-
pounds in the pelagial (LnN/P), nitrate nitrogen
(N-NO,) and ammonium nitrogen (N-NH,, with
vector almost coinciding with that of P-tinya) by
the explanatory variables pH in the mud (pH-
tinya), oxygen concentration (dotted vector
close to that of pH-tinya) and duck load, pre-
sented by 4 levels (Duck 0-3). Black circle
means sample originating from ponds of O level
duck loading, and then square first level,
diamond second level and triangle — third level
of duck loading

of thevariahility of biogeniceementsamong the sepa-
rateyearsof experimenting and havebeen significant
asalongthefirst, soasalong all main axis, intotal
(P=0.005).

In the control ponds (Duck0), there has been a
tendency for increase of nitrate nitrogen and phos-
phatenitrogen, whileasregardspondshaving thefirst
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Fig. 3. Results of partial RDA analysis explain-
ing variations between years of the response
variables total nitrogen in the mud (Azot tinya),
phosphate phosphorus in the mud (P-tinya),
phosphate phosphorus in the pelagial (P-PO,),
natural logarithmic values of the ratio between
inorganic soluble nitrogen and phosphorus
compounds in the pelagial (LnN.P), nitrate
nitrogen (N-NO,) and ammonium nitrogen (N-
NH,) by the explanatory variables implying the
duck load, presented by 4 levels (Duck 0-3).
Circle means sample originating from ponds of
0 level duck loading, and then square - first
level, diamond - second level and triangle —
third level of duck loading

and second degree of redundancy, thistendency has
been towardsincrease of ammonium nitrogen and
phosphorusin the slime. 2002 and 2001 have been
marked asyearsricher in nitrate nitrogen and phos-
phate phosphorus, while 2000 has been character-
ized by itshigher ratio of N/P and moreammonium

nitrogen.
Conclusions

Thepart of total nutrient variability explained by
three explanatory variables (percentage of areacov-
ered with macrophyties, pond area and degrees of
duck load) is10.1%, whichisstatistically significant
for both thefirst canonical axisandintotal for prob-
ability level of P=0.005. Theinfluence of the ducks
on the nutrient changes between ponds accounted for
5.2% of the total variation and the pond area and
meacrophytiescoveragetogether explain gpproximeatey

3.7% (both significant for P=0.005). The common
variability explained by both groups of factors
amounted to 1.2% fromtheexplainedtotd datavaria-
tionof nutrients.

Thevariability of analyzed valuesof nutrientsbe-
tween monthsexplained by theanaysisisabout 6%.
Thefirst canonical axisisnot statistically significant
for B<0.05 and thereisnot aclear separation of mea-
surementsaongit. Themonth variationsof the nutri-
ents seem to be relatively weak. However the 6%
explained by variablesdescribing theduck load, the
oxygen content and pH of thedlimearestatistically
sgnificant (P=0.05).

Statistically sgnificant arethe nutrient differences
between control ponds (Duck0) andthe 1,2 and 3
levelsof loading (B=0.01 betweentheOandfirst leve
and B=0.005 between the 0 and second and third
levels), as well as those between 1 and 3 levels
(B=0.005). The differences between pondswith 1
and 2 levels, aswell aswith 2 and 3 levels of duck
loading areinggnificant.

Theonly factorshaving influence on the annual
changesof nutrients, derived by thegtatistical andysis
arethelevelsof duck loading. They explain 15.3% of
thevariability of the nutrients between the different
experimentd yearsand arestatistically sgnificant cor-
respondingly by thefirst canonica axisand asawhole
(P=0.005).
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