Effect of artificial enrichments and inherent production
capacity on the fish preduction in Taoyuan reservoirs
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To determine the function relationship between fish yield and artificial enrichments,
we have analyzed, primarily by the multiple regressmn methods, the data from Taoyuan
Serviceman of Fish Propagation Administration. The independent variables were size of

" reservoirs, inherent production capacity, amount of superphosphate, nlght-soﬂ chicken-dung
and grass. -The dependent variables are the ylelds of silver carp, crucian carp, common
carp, mud carp, bighead, grass carp, perch, catfish and’ total fish yield. The average of
the total fish yield in the 44 reservoirs was 1557 kg/ha/yr. The correlation “between . the
total fish yield and inherent production capacity, and the four enrichments was 31gn1ﬁcant
at 1¢5 level.

The best equation to predict the total fish yleld Y) for any reservoirs is calculated to
be Y=296.91+0.547 X; +0.003 X; +0.051 X;, where X, is inherent production capacity, X; is
night-soil and X; is chicken dung, all variables in kg/ha/year.. The equation indicates that
849, of the variability in total fish yield of which. 459 is due to inherent -production

~ capacity, 269 to night-soil and 139 to chicken dung.

INTRODUCTION

The ultimate objective of acquaculture is the manipulation of ponds with the purpose
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of increasing their production. An extensive review on pond fertilization has been made by
Mortimer and Hickling (1954)®, Maciolek (1954)® and Prowse (1966)® for Europe and
North America. Yet these literatures are of limited value in explaining the variations in fish
yields among the reservoirs in Taiwan. ‘

Since Lin and Chen(1966)® demonstrated the effectiveness of superphosphate in increasing
harvest of freshwater ponds and reservoirs, the use of superphosphate has become a common
practice in Taiwan. Many studies related to the addition of superphosphate in freshwater
ponds ‘were conducted by Liaw (1969)®, Lin (1968)¢® and Lin (1969)¢” and Lin (1970)®.
However, no serious consideration has been given concerning the functional relationship
between fish yield and the amount of various artificial enrichments.

The purposes of this study are (1) to find the artificial enrichments related closely to fish
yield in Taoyuan reservoirs and (2) to determine the functional relationships between fish yield
and the various amount of artificial enrichments by mineral and organic fertilizers.

MATERIALS AND METHODS

Taoyuan reservoirs located along the Taoyuan Canal irrigation systeins are used for fish
culture by the Taoyuan Retired Serviceman Fish Propaga’tion Administration (TRSFPA). These
ponds varies from 4 to 11 hectares each in surface argaé with a mean depth of 3-4 m, and with
a total of 854 hectares. Fishes like silver carp, crucian carp, mud carp, bighead, common
carp, perch, grass carp, and catfish are raised in a polyculture ecosystem. Stocks of fishes were
introduced in the spring and various amount of superphosphate, night-soil, grass and chicken
dung added through the culure periods. In late winter or the next spring the fish were harvested
by draining the water and yields for each species of fish were recorded.

To analyze the functional relationship between fish yield and the amount of artificial
enrichments, regressions of fish yield of each species and total fish yield were computed and
their significance tested (Draper and Smith, 1966)®. The independent variables were the sizes
of the reservoir, amounts of superphosphate, night-soil, chicken dung and grass. Since the
records of stocking rate are unreliable, they were not considered to be indepent variable in
the present study. The yields of silver carp, crucian cirp, common carp, mud carp, bighead,
grass carp, perch, catfish and total fish yield constituted the dependent variables. Considering
the great variability of natural productivity in every individual reservoir, we have taken the
mean fish yields in the 1972-1974 period as an index of inherent production capacity which is
one of the independent variables. The size of reservoirs were transformed for a better fit of
the linear relationship. Multiple correlation coefficient, R?, was calculated and expressed as
coeficient of determination 100 RZ?, which measured the percent reduction in the total sum of
squares of the dependent variables, attributable to the other independent variables.

Fish yield for each species and the data in the amount of artificial enrichments in 1975
were obtained for the 44 reservoirs from Taoyuan Retired Serviceman of Fish Propagation
Administration. To facilitate this study a computer program for multiple regression was used
for the determination of ‘the partial regression coefficient and the results were tested for
significance. The multiple regression programs were written for CDC computer by the
Statistical Teaching Committee, National Taiwan University. ' '
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RESULTS
Fish yield

The harvest of various species of fish and the amount of artificial enrichments in the 44
feservoirs in 1975 is presented in Table 1. The total fish yield of the 44 reservoirs, which
cover a total area of 238 hectares, was 68508 kg, or 1557 kg/ha. However, the fish yield per
hectare varied greatly from pond to pond, with a minimum of 875 kg/ha in pond 9015 and a
maximum of 2325 kg/ha in pond 4012.

Based on the total fish yield of 44 reservoirs, it was observed that silver carp constituted
the main crop, making up 359 of the total fish yield. The next important yield was crucian
carp, which amounted to 28.1 94, followed by bighead (16 95), grass carp (7 %), common
carp (6 %) and less than 59, for all other fishes.

Inherent Production Capacity

Since the experiment conducted by Swingle in the 1930’s, it has become a common belief
that the carrying tapacity of any pond is a rather stable quantity that differs little from year
to year. Lin (1977)4® discovered a significant correlation between total fish yield in his
studies of 1965, 1966 and 1967 and the corresponding averages of previous year since 1959.
Hence, there probably exists an inherent production capacity which influences fish yield in' the
past as well as in the future. For the present study, the mean of the total fish yield of 1972~
1974 was considered as an index of inherent production capacity of the reservoirs.

The regrssion equation of the total fish yield in 1975 on the inherent production capacity
was Y=2364.46+0.877 X, where Y is total fish yield in 1975 and X is the mean fish yield of
1972-1974 (Figure 1). The coefficient of determination suggests that 7294 of the variability of
the total fish yield in 1975 was controlled by the inherent production capacity of the reservoirs.

Fish yield (x100kg/ha >
2 r
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. Y= 364.46 +0.877 X
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[ 1 — i L L i !
6 10 14 16 20

Inherent production capacity (x100kg/ha)

Fig. 1. Relation between fish yield in 1975 and the mean fish yield of
1972-1974 (inherent production capacity) in 25 reservoirs.
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Except silver carp, catfish and perch, all other species of fish were found to be correlated
with the inherent production capacity in their production (Table 2). The coefficient of deter-
mination indicated - that the percentages of variability of individual species of fish production
attributed by the inherent production capacity were. 4824 for grass carp, 389 for bighead,
1894 for common carp, 299 for mud carp and 469, for crucian carp.

Table 2. Correlation coefficients between individual species of fish, total fish
yield and the amount of artificial enrichments, size of reservoirs
and inherent production capacity respectively

. ‘Inherent
Area Night-soil Grass C(l;:lc;]k;n phsousgiraté péggggitti}c’m
Area 1.00
Night-soil —0.32* 1.00
Grass —0,39%* 0.28 1.00
Chicken-dung - —0.77%* 0.03 0.39%* 1.00
Super-phosphate —0.58% | —0.10 —0.07 0.56%* 1.00
Silver carp —0.40%* 0.13 0.43%* 0.37* 0.04 0.23
Grass carp —0.32% 0.32% 0.81%+* 0.42%* 0.01 0.69%*
Bighead o —0.41% 0.45%* 0.27 0.40%* 0.23 0.62%
Perch —0.04 ~0.20 0.06 0.05 0.12 0.08
Common carp . —0.26 0.25 0.13 0.40%* 0.38* 0.43%*
Mud carp —0.47+* 0.20 —0.19 0.33* 0.52°0* 0.54%*
Catfish —0.05 0.18 0.28 0.15 —0.19 | 0.21
Crucian carp —0.20 0.36* | 0.12 0.20 0.39%* 0.68%*
Total fish —0. 55%* 0.48%* 0.43%* 0. 54%* 0.42%* 0.85%*
production
* p<0.05
** p<0.01
Superphosphate

Phosphate fertilizers are probably the mineral fertilizers with the most favorable and effec-
tive action in increasing fish production. Wunder (1949)¢" demonstrated that there was an
average increase of 969, in fish yield, and a maximum increase of 1589, was noted at Wielen-
bach in 1914-1922. In Taiwan, Lin (1968)® also showed that in 1966 and 1967 the Taoyuan
reservoirs alone applied 282 kg/ha and 407 kg/ha, respectively, resulting in 53 to 8595 increase
in fish yield over the mean vyield of the 1959-1964 period during which no superphosphate
were added. In European carp ponds, Schiperclaur (1933)(®> observed that the ponds treated
with 150 kg/ha of superphosphate, combined with lime and potassium manures, can be relied
upon to approximately double the fish yield.

In 1975, the amount of superphosphate added to the reservoirs ranged from 351 to 1514
kg/ha (Table 1). The linear regression between total fish yield and the amount of superphos-
phate dosage was found to be Y=1092.74+0.56 X,. where Y is the total fish yield in kg/ha and
X is the amount  of superphosphate in kg/ha (Figure 2). The coeflicient of determination
suggests that 159, of the variability of total flsh yield could be explained by the suserphosphate
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Kg in fish yicld
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2200 |

1800 |-

1400

1000

600 L 1 ! I} L L —
300 500 700 %00 1100 1300 1500 1700

Superphosphate dosage (kg /ha/year)
Fig. 2. Relation between total fish yield and the amount of superphosphate
added in 44 reservoirs. -
variable. The percentage is rather low. Therefore, factors other than superphosphate may
also influence fish yield in Taoyuan reservoirs.

The effectiveness of superphésphate on fish yield varied greatly with species. - Out of
eight correlation coefficients (Table 2) from the superphosphate dosage on individual species of
fish yields, only three were significant : 0.39 for crucian carp, 0.52 for mud carp and 0.38 for
common carp. The results also showed that there were no correlation of the harvest of silver
carp (r=0.04) and bighead (r=0.23) with the superphosphate dosages, in contradiction to a
positive correlation which is commonly expected. 'Tominage, et al. (1964)1® showed that the
sharp increase in the yield of the phytoplankton-feeders like silver carp, crucian carp anl
goldfish responsed directly to nitrogenous and phosphate fertilizers application. Both Tin
1968)¢ and Lin (1970)¢® demonstrated that silver carp was most benefited by the apphcallon

" of superphosphate due to their phytoplankton feeding behayior.

Furthermore, the unexpected significant correlations between superphosphate and common
carp and mud carp were also in contradiction with the common beliefs. Lin (1968)¢® suggested
that as inorganic fertilizers increase the phytoplankton population. Since shading will-cut
down light penetration to the bottom of the ponds, little bottom fauna will be available for
the bottom carp and mud carp to feed on. Therefore, the signiﬁcant correlation between the
yield of common carp and mud carp and superphosphate was. rather unexpected. This may.
imply that the interrelations among the factors and various species of fish were more compli-
cated than we initially supposed. ‘.

Grass

The addition of grass effected an increase in total fish yield in Taoyuan reservoirs. Large
quantities of grass or aquatic plants were added to some fish ponds. The wet weight of grass
ranged from O to 10490kg/ha in 1975. Most of the grass or aquatic plants were used directly
as food by grass carp. Lin (1940)¢! had shown that grass carp can be fed with submerged
vegetation, floating plants, certain emergent plants and even tender land plants.

Fertilizers help the development of phytoplanktons and hinder the growth of aquatic plants.
Consequently, the reservoirs for intensive culture of fish are always devoid of adequate weeds
for grass carp. The production of grass carp will then heavily depends on the supplement of
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land plants, grass or aquatic weeds from' other soui'ces. As expected, there was a significant
positive regressioh with yield of grass carp, increasing with the increase amount of grass (Fig.
3). The linear regression formula between these two variables was ¥Y=17.1034+0.009 X, where
Y is the fish yield of grass carp and X is the amount of gfass added in kg/ha in 1975. The
variable of grass can explain 6695 of variability of yield of grass carp. |

Kg In fish yleld

Y=17,103 + 0,009 X
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Fig. 3. Relation between the yield of grass carp and the amount of grass
dosage added in the 44 reservoirs.

Chicken ‘dung

Fish yield appeared to be greatly influenced by the addition of chicken dung. The amount

of chicken dung added to the reservoirs ranged from 3377 to 14483 kg/ha, with a mean of 7779
kg/ha. There was a positive correlation (r=0.54) between the amount of chicken dung and
 the total fish yield. " The regression of total fish yield on the amount of chicken dung was
Y =919.3640.08 X, where Y is the total fish yield and X is the amount of chicken dung in
kg/ha (Figure 4). The coefficient of determination suggests that 299, of the variability of

Kg in fish yleld
2400 . y=919.36 + 0,08 X

1200

: i eemepasialnc s Il

2000 4000 6000 . 800 10000 12000 14000

400

Chicken dung dosage ( kg/ha/year )

Fig. 4. Relation between total fish yield and the amount of chicken dung
dosage in 44 reservoirs.
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total fish yield could be explained by the chicken dung variable. Similar results have been
observed by Walter (1930)¢®> who demonstrated that crop increased by 100-150 ¢4 after the
application of guano, which is probably similar to chicken dung in their ingredients.

Out of eight correlations (Table 2) chicken dung with species of fish, five were significant:
0.37 (p<0.05) for silver carp, 0.42 (p<0.01) for grass carp, o.4 (p<0.01) for both common
carp and bighead and 0.33 (p<0.05) for mud carp. Compared with other artificial enrichments
it is noted that more species of fish were affected by the addition of chicken dung. This is
because chicken dung not only has the properties of other organic manures, its high content
of P,05 (1.5%) might play a similar role as superphosphate (Lin, 1970)®. Multipled by the
mean dosage of chicken dung added to the reservoirs, the total amount of P,O; was about
135 kg/ha/year, which could have a great influence on the fish yield as that of superphosphate
used in 1975.

Night-soil

In general the total fish yield of the reservoirs increases as night-soil dosage increases.
The amount of night-soil added to the 44 reservoirs ranged from 1200 kg/ha to 188,000 kg/ha,
with a mean of 45,300 kg/ha (Table 1). The correlation coefficient between the total fish
yield and the amount of night-soil dosages was 0.48, which is significant at 195 level. The
regression equation for this relationship is Y=1369.5+0.004 X, where Y is total fish yield and
X is the amount of night-soil in kg/ha (Figure 5). The coefficient of determination suggests
that 20 9, of the variability of the fish yield can be explained by the night-sofl variable.
However, night-soil was less effective substantially than other artificial enrichments in increasing
fish yield. The regression coefficient ‘b’ in the formula suggests that one ton. of night-soil
may increase only 4 kg of fish in the Taoyuan reservoirs. Therefore, the use of night-soil in
the Taoyuan reservoirs needs to be re-evaluted. |
Night-soil is a kind of organic manure which contains a major portion of nitrogenous fer-
tilizers. In the past 50 years, the effects of notrogenous fertilizers were rather contradictary
in the literatures. According to Swingle and Smith (1938)€!®), nitrogenous fertilizers have a

Fish yield (kg/ha)
2400 Y=1368.5 +0.004 X
2000

1600

1200

800 L M ] 1

y
0 40 80 120 160 ao0
Night-soil dosage (Ton/ha/year)

Fig. 5. Relation between total fish yield and the amount of night-soil
added in 44 reservoirs of Table 1.
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a stimulating .influence on the growth of phytoplanton. However, Wunder (1949)">  showed
that nitrogenous fertilizers did not play any beneficial role in the' productivity of carp ponds;
rather they had harmful effects on the fish. Mixtures of phosphate and organic manure produced
crops no large than those produced by the appplication of phosphate alone (Demoll, 1925)7,
Demoll (1925)¢% and Kriigel and Heinrich (1939)¢!® observed that as soon -as a typical pond
mud was formed, the addition of organic fertilizers would fail in stimulating plankton growth
and-fish yield. Therefore, overuse of organic manure may.have harmful effect on fish produc-
tion because of de-oxygenation. .However, there was no sign of any adverse effects regarding
the amount of .night-soil presently used. The mean fish yield of the highest night-soil dosages
of over 10° kg/ha was.2059 kg/ha of fish, which is substantially greater than the mean yield
of 1493 kg/ha estimated from the other 39 reservoirs.

An analysis of the harvest per hectare in respect to fish species reveals that there was
significant increase with increased amount of night-soil. The variability of the harvest which
could de explained by night-soil was 109, for grass carp, 20% for bighead and 1394 for
crucian carp, correlation coefficients being 0.32, 0.45 and 0.36, respectively. The corresponding
regressions also show that 1 ton of night-soil can increase production by 0.2 kg and 1.8 kg in
grass carp, bighead and crucian carp, respectively. The e{fectiveness of night-soil on the
production of these fishes can be explained by their feeding habits. Wunder (1949)¢* indicated
that night-soil is a powerful fertilizer for the growth of green algae, and also for cyclops and
Daphina, which are food stuffs for bigheads and crucian carps. Furthermore, the night-soil
can speed up growth of hard plants, which are the major food of grass carp. It is interesting
to note that the combined supplement production of grass carp, bighead, and crucian carp by
one ton of night-soil dosage was 3.2 kg/ha, which is close to the amount from the regresswn
analysis between night-soil and total fish yxeld

The .size of reservoirs - -

It is generally believed that the surface area plays an important part in the productivity
of reservoirs. Rounsefell (1946)¢'®> showed a negative regression of standing crop and annual
fish yield with the area of the lake. Jenkins (1966)*® demonstrated that with increase in area
a decrease in sporting fishes was noted. Furthermore, Rawson (1953)@ illustrated that there
was a general trend of increasing productivity with decreasing depth. Consequently, the nega-
tive relation between productivity and size of lake was due to the general association between
greater depth and large size of lake.

The size of reservoirs in those 44 reservoirs ranged from 3.0 to 11.0 hectares, The loga-
rithm of the size of reservoirs is plotted against fish yield in Figure 6. The regressijon equa-
tion between these two variables was Y=23782.1—568.16In X, where Y is the total fish yield
in kg/ha and X is logarithm of size of reservoir in hectare. However, the negative relationship
of these two variables could not be simply explained by “large area, greater depth and thus
lower productivity”. Since the mean depth of the Taoyuan reservoirs is about 2.5m and the
individual difference among ponds is very limited. Besides. the negative correlation between
the area and various artificial enrichments (Table 2) suggests that the artificial enrichment
received pér hectare was less for larger reservoirs, We therefore conclude that the lower pro-
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ductivity of larger reservoirs in Taoyuan reservoirs is due fo lesser artificial enrichment received
per hectare, rather than a result of a greater depth and larger size. The insignificance .of the
partial correlation, 0.04, between the area and total fish yield calculated with all other variables
held constant also lends support to this point of view.

Kg per hectare

2400 r
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! °
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Fig. 6. Relation between total fish yield and size of reservoirs.

Multiple regression analysis

To further clarify the interrelationships concerning inherent production capacity, the four
artificial enrichments and total fish yield in reservoirs(25 reservoirs) having complete data were
calculated by‘ multiple computer programs and tested for significance. The selected multiple
regression equation to predict total fish yield for any reservoirs is Y=296.91-0.547 X;+0.003
Xz+0.051 X;, where Y is the total fish yield, X; is the inherent production capacity, X; is the
night-soil and X; is the chicken dung. This equation possess the highest multiple correlation
and the least mean square error of estimation than any of other types of multiple regressions.
The calculated multiple regression coefficient suggests that these three variables (X;, X; and
X;) accounts for 849, of the variability in total fish yield, of which 459; is due to inherent
production capacity, 269, to night-soil and 139, to chicken dung. Based on this multiple
regression studies, it is concluded that the inherent production .capacity is the most important
factor in fish production. ’

DISCUSSION

Buck er al. (1970)@» indicated that no single factor maintained a dominant influence
through two consecutive seasons and that prediction of the future performance of any indivi-
dual pond would be extramely difficult. This is probably true for their data, due to the small
variation of fish production in their series of ponds. Our data did not support such a view.
Our studies support the commonly believed concept that the total weight of all the fish that
a pond will support remains relatively constant. In other words, there is an inherent produc-
.tion capacity. . Nevertheless, the. natural fertility, which apparently exercises some degree of
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effect on fish harvest, may possibly be altered by artificial enrichment resulting in the increase
of production.

This study demonstrated that fish yields are probably influenced by all the artificial
enrichments night-soil, grass, chicken dung and superphosphate. The coeflicient of determina-
tion suggests that 2395 of the variability of the total fish yield could be explained by night-soil,
179 by superphosphate, 189, by grass and 249 by chicken dung. However, these percentages
can not be additive due to the interdependence among these independent variables.

The significant correlation between the fish yield in 1975 and that of 1972-1974 suggests
that inherent production capacity or residual effects of artificial enrichments may be the de-
_ terminative factor in fish yield. About 72¢4 of the total variability of total fish yield could
be explained by inherent production capacity, which was probably reflected from the soil
fertility. Tackett (1968)¢® suggested that production might be directly related to certain con-
stituents in the soils. Experiments in Wielenbach, Walter (1925)(%> showed that the residual
effect in the first year after treatment of fertilizers produced a crop increase of 70-100 95
above that in the controls; and in the second year the increase was 50 2. Raymont (1949)¢#
also showed that the effect of fertilization could last for at least two and a half year after the
cease of application. These observations probably explain the high correlation between fish.
yield in 1975 and mean fish yield of 1972-1974. Since large amont of artificial enrichments
added to the reservoirs will increase fish production in the current year, the residual will also
fertilize the ponds soil in the next few years to influence the fish production. In view of the
complicated conditions involved in fish production, 8495 of the variability of the total fish
yield could be explained by the inherent production capacity, night-soil and chicken dung.
There results were rather striking. This study strongly suggests that fish production of the
future performance of any individual pond is not difficult as Buck et al’s thought.

The unexpected results regarding  the ineffectiveness of superphosphate demand the re-
evaluation of the dosage used. Many author (Walter 1925¢5; Nolte, 1931¢3»); Schéperclaus,
193302; and Wunder, 1949¢0) recommended a dosage of 150-200kg/ha of supeérphosphate.
‘Demoll (1925)¢" found 150 kg/ha to be an optimum dosage and Rossler (1931)¢2%) obtained his
best results with 300kg/ha. However, the mean dosage of superphosphate applied in the
Taoyuan reservoirs was 830kg/ha, with maximum of 1514 kg/ha in pond 5005 and minimum
of 351 .kg/ha in pond 2404, Therefore, the very low correlation between the yield of silver
carp and bighead and the amont of superphosphate may suggest that excess amount of super-
phosphate is unnecessary in Taoyuan reservoirs.
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