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observed effects, but also to study the
mechanism of their action on cell cycle
stage-specific processes. This should
also give us a better insight into the role,
if any, played by synergism in the overall
action of the component(s) of the extract
on the cell.
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Role of plant proteins in formulated fish feeds

Sustainable fish culture is a formulated
feed-based industry. Fish feeds constitute
the major fraction of the operational cost
in both intensive and semi-intensive
culture systems globally. Protein is the
major item of formulated feeds. It is
required in large quantity by many culti-
vable fishes. Protein requirement of fishes
is uniformly high irrespective of their
food habits and ranging from 35 to 70%

dry weight of the feed. Growth in culti-
vable fishes is primarily influenced by
quality (amino acid composition) and
quantity of proteins in the formulated
feeds, compared to other farmed animals.
Conventional fish meal continues to be
a primary protein source in formulated
feeds. But its rising cost, uncertain avai-
lability and unreliable quality have led to
the scientific search for alternative sour-
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ces. The utility of plant protein sources
(PPS) to completely or partly replace the
fish-meal is being researched meticu-
lously. However, studies reveal negative
results as reduced specific growth rate
(SGR)'™ and reduced protein efficiency
ratio (PER)'*#°, when PPS exceed identi-
fied levels in formulated feeds. Briefly,
the balanced fish feeds to enhance maxi-
mum growth in most of the cultivable
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fishes are needed urgently. Meanwhile, it
is interesting to ascertain the role of PPS
in formulated feeds by some comprehen-
sive analysis of available data with suita-
ble statistics. With this viewpoint, the
relationships between the dietary crude
protein (DCP in %) of the PPS-based
feeds and SGR (in %) as well as PER of
selected fish species were estimated and
their implications are discussed.

From a systematic survey of relevant
literature, 87 standard papers were selec-
ted which appeared during the period
197897. They provided immediate
access to adequate and reliable estimates
of DCP, PER and SGR of 53 cultivable
fishes tested under normal experimental
conditions on formulated fish feeds, which
have been prepared from a wide variety
of PPS. SGR is a more instaneous esti-
mate of fish growth and expressed as
percentage body weight gain per day.

SGR (%) = log Wt dog Wo/t x 100,

where Wo and Wt are the weight (g) at
the beginning and end of the experimen-
tal period respectively and ¢ is the time
or duration of feeding (in days). PER is a
simple measure for comparing protein
quality of different feed stuffs and requi-
res only an accurate measure of dietary
protein intake and weight gain by fish:

PER = Net body weight gain (g)/
weight of protein intake (g).

DCP is calculated by proximate analysis
of the feed for total nitrogen (in %) using
Kjeldhal method, which is the converted
into proteins by multiplying it with a
factor 6.25 as follow:

DCP (%) = Weight of nitrogen x
6.25/weight of sample x 100.

The final data set for SGRDCP rela-
tionship includes 377 estimates for 40
species from 64 papers. The PERDCP
analysis, included 332 values for 38 spe-
cies from 60 papers. Totally, 37 papers
are common to both data sets which pro-
vided estimates of both SGR and PER
for 22 species. These data sets can be
obtained from the authors. They were
analysed for correlation and regression.

The low (0.177), positive but signifi-
cant (P <0.05) r value for DCPSGR
relationship clearly suggests that SGR
did not show any significant increase at
higher levels of DCP (Table 1). The per-
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Table 1. Correlation and regression matrix for selected data sets
Estimates
DCP vs SGR DCP vs PER

Statistics (n=377) (n =332)
Correlation coefficient (r) 0.177276* —0.990965*
Coefficient of determination (%) 0.031426 0.982015
Standard error (S.E.) of » 0.050822* 0.007383*
Probable error (P.E.) of r 0.033646 0.000665
Limits of population of r 0.1436-0.2109 —0.9902- (- 0.9916)
tfor SE. of r 3.4881 134.2225
Regression coefficient (b) 0.177207 —0.103604
Intercept {a) 4.37243 5.38556
S.E.of b 0.008645* 0.041433*
tfor SE. of b 20.5006 2.5005

*Significant at P < 0.05.

centage variation (+°=3.14) explained
by DCP in SGR is very low. The ¢ test
for S.E. of r provides two inferences:
(i) estimated r is significantly deviated
from zero, and (ii) this sample » is also
significant (P <0.05) at the level of
population. The range of this population
r as calculated from P.E. of (r) is 0.1436
0.2109. The b value of this correlation is
significant at the level of population
(P <0.05). Its positive sign confirmed
the linear relationship between DCP and
SGR.

In contrast, the high (-0.990), negative
and highly significant r value for DCP-
PER relationship directly indicates that

lower the DCP of a PPS-based feed, the

higher is the PER of the fish fed on it.

The percentage variation explained by

DCP in PER is very high (+* = 98). The

calculated r is significantly deviated

from zero and also significant (P < 0.05)

at population level. The population »

ranges -0.9900.991 as estimated from

P.E. of r. The b value is highly signifi-

cant and its negative sign also indicated

the inverse relationship between DCP

and PER.

A linear relationship between optimum

dietary protein estimate and SGR of 13

species was reported earlier’”. It has also

been confirmed by scrutinizing more

data (n =377 for 40 species) but using a

different estimate, DCP. Fish growth is

governed by a wide range of exogenous

and endogenous factors in addition to

DCP of fish feed®. Hence this discussion

is restricted to the impact of DCP of the

PPS-based feeds on fish growth. This is

because data sets under analysis are

dominated by PPS-based feeds.

Similar to our results, higher DCP levels

of PPS based feeds result in reduction

of SGR". In contrast, negative correla-
tion between SGR and DCP contents of
PPS-incorporated feeds was reported for
many fishes'®'!. PER has decreased
almost inversely with increasing DCP in
feeds*!*!'>!*_ Conversely, enhanced PER
was reported on feeds with low DCP
levels'* ™ Weight gain was decreased
on feeds with a higher inclusion level of
DCP'>'¢. Feeds with low DCP levels
were efficiently utilized by fishes for body
protein synthesis' 7%,

More strictly, fishes require a mixture
of essential and non-essential amino acids.
Amino-acid profiles and their bioavaila-
bility are of greater importance for
growth in fishes. Quantitative and quali-
tative variations in amino acids of the
formulated/natural feeds correspond to
variations in growth parameters. A posi-
tive correlation was reported between
dietary and serum-essential amino acids
in many species’. Hence recent studies
have focused on amino acid supplemen-
tation in formulated feeds. It is remark-
able that assimilation efficiency of fishes
is positively correlated with food nitro-
gen'’.

To conclude, complete understanding
and documentation of available data,
more systematic and holistic view of PPS
evaluation, researches on amino acid sup-
plementation, evaluation of PPS-based
feeds on farm conditions and studies on
responses of fish to PPS-based feeds in
future will decide the role of PPS in fish
feeds and profitable fish culture.
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The Jurassic ostracode fauna of Bela Island, Rann of Kachchh,

Gujarat

The Jurassic ostracodes of Kachchh were
first described by Lyubimova and Mohan
(see ref. 1), who recorded eight species (all
new) from two localities, Khavda and
Lodai. Later, there were several publica-
tions on these ostracodes from Kachchh
Mainland and adjoining Banni Rann®™.
As far as the Northern Island Belt com-
prising Pachchham (except Khavda),
Khadir, Bela and Chorar islands, and loca-

lities south of Bhuj town are concerned, no
work was done on the Jurassic ostracode
fauna. Hence in 1999, one of us (S.C.K.)
under a DST-sponsored research project
initiated the study of Jurassic ostracodes
from different stratigraphic sections cov-
ering the entire Kachchh district. As a con-
sequence recently Khosla ef al” have
recorded 54 ostracode species from the
type section of the Khadir Formation, i.e.

Khadir Island. The present correspondence
deals with ostracode fauna from the Juras-
sic beds of the Bela Island.

The samples from which ostracode
fauna are being recorded come from five
sections which are as follows (Figure 1):
Section I, exposed along LodraniKuda
track, north of Lodrani village (2334
29”N, 7037°25”E)  (samples BI/135).
Section II, exposed at about 1 km NW of

Pachchham Is.

GREAT RANN OF KACHCHH $
Bela Is.

Khadir Is.

Chorar ls.

Legend
D Tertiary
EJurnssic

Figure 1.
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Sketch map of Kachchh showing location of Bela Island and Sections I-V sampled.
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