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§XP ANATIONS ON THE *GENERAL COMMENT®

Regarding the statement "His preface and 1ntroduction

esssese nNelther ’.8 carrled tnrougb"

" It is true that in the 'Preface' and 'General
Intrxiuction,’ fishary management and aquacul ture poténtlal.
are dealt with, but the idea of presenting such information
vias. only to provide the necessary background for the pres_aant
werk. In this context the statement that the Thesis is open
ended with unclear objectives is not justified since both in
the prefsce (Page 1) and in the genersl introduction (Page '1)
there i3 a clear mention of wnat the present Thesis contains

bssed on what has been done. IR

The criticism on the calculation of correlation

coefficient is explained as below,

| The purpose of such statistical calculations were %o
establish reletionships only, and not for the erection of eny

a=pogtveriorl hypothesis.,

It is admittéd that there are lacunae in the methods
as pregented in the Thesis., However, these 1Aecmae do not
refer 10 the methods employed per ge, but only rather to their
descriptions that were inadequate in details. This omission
further happened because of the very sl.qxple nature of most
methods employed in this study. However, the detailed
descriptions of these methods are provided in the presént
Addendunm,



The criticiam by the examiner that "1 am unable to
find much-innovative WOrK 4N seeee 01:Macrobrace;gg" needs

an explanatton,

It may be pointed cut that the preseat work s the
first of 4ts kind in the following respects:. '

1)

11)

111)

The thesis deals wita the ecOIOgj'and biology'of
two endcmié prawn species thaf are confined ohly
to this part of India, '

The present work relatea to tne prawn fauna of
altituding)l streaus.

While a great deal of informmation is available on
Indian marine prawn species from a pOpulational
ard fishery points ©of view, the praeseant theals
empioyed an acogystem approach for the study of

the fresh water prawm specles.

‘The above views sre further augmented by the commen-

dation of the present werk by the other extéranal zxaminer who

is one of the current Indian experts. This exsminer stated

that "I am well aware that it is a first study of this kind in

India from a lotic environment, from hill streams at high

al ti tudes, 0f species which have become totally adapted to

froshwatars throughout their liie cycle and also with

populations of such magnitude as to contribute, may be

| seasonally, to the commercial catches of these regions”,



EXPLANATIONS ON_Tils "DETAILED COsMENT®

The General Iatroduction was considered too long.
Accordingly, the distantly related topics like Keview on
Marine ¥orks and Aquacul ture have been oritted and revised

as below,

1. Geparal Introduction

Prawns have grea"t gignificance in the iife 0of mankind,
being an fmportant natural source of protein (Menu-Merqua and
Morales, 1974) ond providing certain othar useful products
(Sakthivel, 1976). In view of the ever increasing demand for
‘shrimps both for local consumption and for export puf-poses;
tne Indian prawns have attracted the atient&.on fren a rapidly
developing fisaing industry as well as from biologists for
scientific study. But most of the notable works in India

include bnly the marine spsacles.,

Tiwari ( 1955) reported the taxonomy of more than 34
species of freshwater prawn oY the genus Macrobrachiun from
Indien inlend waters, inclusive of both lotic and lentic
- gsystema. But till now, the 1n£omauon-.avanable dogs not
covar the biology of all these reported species. Howaver, in
the recent ycars, several Indian workers have contributed to a
- considerable amount of 1nfomatioix on various aspects of
selected freshwater specles (Rajyslskshmi, 1961, 1966, 1380,
a, b; Idbrahim, 1962; Raman, 1964; Piliei, 1965;_Subranmanyar}n,‘
1966; Gupta, 1967; Nagabhushanam and Vasantha, 1967, 1958;



Pandey, 1967; Rao, 1967; Tyagi and Prakaesh, 1967; Koshy,
1969, 1973; Nagabhushanem and Chinnayya, 1963; '
Rajyalakshmi gf al., 1968; Rajyslakshmi and Ranadnir, 1969,
197&{ Rasalan gt al., 1960; Tiwari ard Pillai, 1971;.?11161
and Mohemed, 1973; Jalihal and Sankolli, 1975; Goswami gt al.,
1977; Katre, 1976; Katre and Reddy, 1977; Nagabhushanam and
Jyotl, 1977; Murthy, 1978; Sherma and Tiwari, 1978; Ghate and
Mulherker, 1979; Negabbushanan and Kulkerni, 1979, 1981;
Sukumaren and Kutty, 1979; Murthy and Saxena, 1980;
Anantharaman gt al., 1281; Rao gt al,, 198{; Sazxena and
Murthy, 1981, 1982).

It 15 conmon knowledge that in order to understend the
blonomics of locally availeble species, investigations on the
bagic ecology and biology of different species become
imperative. Mosgt of the invesugat;ons today take into account

‘ thése view points depending upon the pafncular need of a
region, state or even a country, As such a vast amount of
li terature on few selected freshwater prawns has accunulated
- over the years in different parts of the world (Schmitt, 1933;
' Gunter, 1937; Mori, 1939; Hedgneth, 1949; Holthuisz, 1549;
Ri ek, 1951; Maglhaes ard Pintu, 19593 Parry, 1961; Johnson,
1‘963'. 1966, 1967, 1968, 1973; Tobia, 1964; Lewis and vard,
1965; Costa, 1966,, b, 1970; Lewis gt Q_L.. 1966; Mistakidis,
1966; Carrillo, 1967; Antheunisse gt al., 1968; Costlow, 1968;
De La Cniz. 1968; Denne, 1968; Apollonio, 1969; Kwon and Uno,
1969; Choudhury, 1970; Chung, 19703 Fielder, 1970; Fujimura



and (gcamoto, i970; Holthuls and Provenzano, 13703
Bailey end Crichton, 1971 Kamiguchi, 1972a, b; Yu
and M1iJake, 1972; Fujeno and Baba, 1973; Ruello gt
| 8l., 1973; Stoffel and Huschman, 1974; Wickine‘and
Beard, -1974; Flelder et sl., 1975; McVey, 1975;
Sandifer gt al., 1975; Ngoc-Ho, 1976; Martin, 1976;
Thebault and Le Gal, 1978; Lee and Fielder, 1979,
1981, 1982a, b, 1983; Kcbride and Muguxre; 1979;
Beard and wickins, 19803>Peebies, 1980; Yasuda and
Kitoa, 1980; Falr and Fortner, 1981),

Ke'eping these in view, studies on certain aspects
of the ecology and bioIOgy\ of two palaemonid prawns,
Macrobrachium hendersoni hendersoni (de Man) and

Macrobrachium hendersond cacharensis (Tiwart) from the
East Khasi Hills of Meghalaya, Indla, were undertaken,

The present study includes the habitat structure,

' limnological parameters, population dynaﬁics and their
relationships. Other detalled biological studies
linolude,sexﬁal dloorphiecn, maturation and spawning,
brood size and reproductive efforts, larval development,
food and feeding habits, digestive pnysloibgy snd
aeura-endacrine regulation of blood chlorige,



Continuation of m lanations on other Comments
2.' Study Arga

- In page 27 of the Thesis Table 1 is given. Kindly
read this Table 1 after the text explained in

page 29,

The recording of vegetationsl data using symbols
(#, =, +, ++, +++) was followed after the quadrat
megthod (Misra, 1968)..

All the species listed in Table 1 (Page 27) as
macro=vegetation are terrestrial flora and as such
only indirectly influence the functioning of the

stream ecosystamns.

The overall criteria for selecting the study area
was given in page 19 and thia'may Kindly be
heferred. The criteria for choosing the sampling
) and BB) were detailed
from page 29, of which the followinz two criteria
were most prominent.
1) Tnese were the perennial portién of the
streams which cbuld be sampied throughout
 the year by standard gtream benthos
techni gues
11) These stations were also found to have

relatively adequate prawnm populations,



- Regarding the sampling stations, detailed
description on depth_of water and width of
stream at each station were not provided as
these paremeters were always variable during

_ the annual cycle, However, some of the
‘available data for a pérticular month (July
1980) is provided below,

The depth of the statiohs,A1,‘A2, A

B1, 32 and B3 were 0,60 m, 0.75 @, 0,80 m,

0.82 m, 1.0 @ and 1.15 @ while the width of the

30

stations 4, A, Az 91, B_ and B_ were 8.0 m,

2 3
9.2 my 665 my 6.1 1y, 7.2 @ end 7.0 m respectively.

- Description of Sampling Sites:s Though the sampling
stations are described in detall commencing from

page 29 of the Thesis (Section 2.8, Sampling Sites),
it needs further clarity in the context of the

querries raised.

Each sampling station (e.g. Ay AZ, A_,

C | 3
B1. BZ and BB) covered a stretch of stream length. .

Thus, stations A1,~A A, B,. Bz and B_ were

| 2* 3 3
8,0 m, 20.5 m, 25.0 m, 20,0 m, 18.0 m and 24,0 m long

respectively.



- Psge 29: Unit of Length: Please read 18.3 m
instead of 60 ft,

3. Haterial and Methods
The descriptions of the methodology was considered
to be inadequate. Accordingly detsils of the methnods used
are provided with a view to clarify the ambiguities.

3.1.1. PBhysico-chemical enalysis:

Water samples for pbysibo-chemipal analysis were
collected usually in the forenoon between 1000-1200 hrs and
always at a distance»of a metre away from the margin o0f the
streams. Since the depth is a variable factor at each Qf the
sampling stetions, samples were always collected f:oﬁﬁclose
to the bottem to a height equivelent to the mouth diameter of
a plastic bucket of 10-litre capacity. Such samples were
obtained at monthly intervals for a period of two years from
January 1979 to December 1980, Immedia?ely after collection,
~each sample was passed througﬁ a 0.45 u filter (Crowtner and
Hynes, 1977) and stored in a 500 ml plastic bottle. Various

parameters were analysed and estimated on the same dayQ

In addition to the air and water temperature readings
measured in the field using a mercury bulb thermometer,
maxinum and minimum air temperatures, relative humidity,
rainfall and wind velocity of the area under study were



collected regularly from the local metereological stations
\1§cated close to the study areas. The metereological data
were primarily collected to infer the oversll 1nf1pence on
the study areas in addition to the specific parameters

that were measured in each of the streams.

Turbidif.:y was expressed as percentage volume of
total-suspenAed matter, transparency as Secchl disc réadihgs
(Velch, 1948) and the rate of Qater flow in cma/sec by
using a metre tape, stop watch;and a s;mplé cork (Leitritz,
1959), pH and conductivity were measured with the use of a
TOSnnLQal pH meter (Model CAT.CL-AB) and Elico-conductivity
bridge (Type Ci-82) and the values e:cp;essed as pH units and
Jmhog/cm respéctively.

. For oxyzen estimation, samples were taken directly
from the bottom of the stream in glass bottles of 125 ml
capacity and the dissolved oxygen fixed immediately. .While
sampling, care was taken not to disturb the bbttom and air
bubbles avoided. Modi fied Vinkler's method ( APHA, 1965) was
employed for the oxygen estimation, Csrbon dioxide content
was determined using phenolphthalein indicator and N/4k4 HaCH,
while total alkalinity was measured by using the Standard
method ( APHA, 1965)., Nitrate Nitrogen was estimated by

. .using phenol disulphonic acid method and Ammonia Nitrogen by
Nessler's resgent method (Mackereth, 1963). Phosphate

Phosphorus was determmined by stannous chloride and molybdate
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method and chloride by Silver nitrate titration techni que
(APHA, 1965). Calcium and megnesium were estimated
spectrophotometrically. Scdium and potassium 19ns were
estiﬁated by Flame pnotbmetrygand oxidisable organic matter
by'éérmanganate method., Silicate contént was measured by
3{1ico-molybdate method and totel iron content by using the
method after Mackereth (1963).

3.1.2. Ehyto- and Zogg;ankton

The water samples for plankton analyals were collected
frcm the same sites using the same procedures as for
physico-chemical analysis. At each station, samples wére
collected 1n_tr1plicaté at montaly intervals for a period of
two years (January, 1979 to December, 1980). Water sample
was collected from the bottom by the 10-litre blastic bucket
facing upstream. Each sample consisted of five buckets making
up 8 total of 50 litres of water, The water thus collected
was poured through a plankton net made of No. 25 xxx nylon
bolting silk (60 p mesh size). Finally, the actual sample of
plankton and water was reduced to 50 ml of Qater and preserved
by adding a few drops of Lugol's iodine, A Sedgwick rafter
1plankton counting cell of 1 ml capacity was used, having 1000
squares merked on its bottom (Utermohl, 1958). After a
thorough stirring of the sample, One ml sub-sample was taken

in the counting cell., Nine such sub-gamples ( three from each
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of the triplicate samples) were counted for the estimation
of diQersity and density of each gfon of plankton., However,
for éach sub—samplé'Only 100 squares were counted. The
avaregé of these 100 counts for.all the nine sub-samples
wore calculated and these values sul tiplied by a factor of
10 to make up for the 1000 sguares. From thlé; the
éemputation of the nunbers of phyto- snd Zooplankton per
litre at di fferent stations of the two stirfeams was done by

using the formula:

where, n = number oZf plankton/l of original water.
a = average number of plankton in all counts
in the Sedgwick rafter cell. -
€ = volume of original concentration in nl.

1 = volume of original water expressed in litre.

The data were presented in terms of percentage

composition of tne'réspective planktonic group.

The generic identification of phyto- and Zooplankton
ﬁas‘doné with the help of monogrepSS'éfter Smith { 1950},
B ermak (1953), mdmondson (1959) end Needham and Needhan
(1962) . ’ |
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Geaneral Clarification on the Comments Rezarding Section 3.1, 1.
(Bentnic organisms) and Section 3.2 (PRAWN ?O?ULATION STUDY)

The suthor accepts the comments on the above items

ggrateﬁully.and offers clarity and explanation as given below.
These exp;anationé have also necessitated the cnange.in‘the
order of sequence. Thus Section 3.2 on prawn population
study is presented first followed by Section 3.1.2. on benthic
organisms. .This is necessary since the sampling techniqyes of

both tnese groups 1nvolved the same sampler.

30 20 ERAWN POPULATIUN STUDY

In the present study for the purpose of population
analysis, prawns were collected at monthly intervals for the
period January 1979 to December 1980,. Animals were collected
from five sites vithin each samplrng'station. The sampler
used hed a wrought iron freme of one meire square (length x
breadtin ¢ 1.0 m x 1.0 m) and a8 height of 1.5 m, The top and
the bottom of this box sampler were Opeh, while three of iis
sides were covered with wire netting of 3,2 mmn mesh size. fThe
fourth side was fitted with a removable clota net of simjilar
meash siie with 1ts tail end extending 1.5 m. length. This
sidevof the samp}er always faced Opposite to the direction of
the current. In actual sempling, the sampler was first firmly
inserted on to the :substratum thus encIOaing'én area of one

square metre of atream bottom. Initially, all the prawns in
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the overZlying water were scooped out by a hand net, while
most others were collecting at the tail end of the cloth
net; Further, 1n'9raer to ensure effective sampling, all
the éoulders. pebbles on the :stubstratun were also mannally

disturbed with a view to dislodge the remaining animels,

All animals from the five sites in each station

were pooled which compriseé a single population sample. The
animals were fixed in the field with 5% formalin and brought
to the laborétory.' The organisms in each sample were taen
measured'ahd grouped into size categories end sexed.v The
population density was calculated per square metre of bottom
by taking the mean O0f the total of the five sites 1n,ea9n
Station, while the entire sampls was used to estiméte tﬁe sex
ratio and length frequency measurements. The berried

condition of females were also noted to distinguish the

ovigerous from the non-ovigerous individuals.

Haviné explained the sampling procedure, it is
necegsary also to explain the discrepancies in Figs. 34-39 as
pointed out by the examiner, The N values given in each of
the. figures (Figs. No. 34~33) refer only to the population
density/m? while the actual histograms for the length
fre@uency distribution were besed on the entire sample from
all the five sites ih each gtation, - The author regrets for
having‘glven the N values in the figures which reﬁresents the
values per 0 only without clarifying the above differences,
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3¢ 1 3. Benthic Organismg

Benthic samples were co;iected at monthly intervals

. for two yéar'périod (Jénuary-1979 to December 1980) . The
‘sampling stations in both streams and the five sites within
each station were the same as fOor the prawn population study.
However, in view of the anticipated diminutive size of most
benthic organisms, a special dip net of 135 ] mesh éize was
employed, The net was pleced within the box sampler referred
earlief'in Section 3,2 and,most of tho organisms in the
various stones, pebbles and boulders were dislegged and caught

by kicking and raklng up the stream bottom,

Each sample tnﬁs_obtained represents one square metre
of the strean bottem. This method'ﬁay be considered as a
further modification of the modified kick:sampling metnod of
¥illiam and Hynes (1976). The snimals collected were then
fixed in 5% formalin. In the laboratory, the different groups
of benthos were sorted out, couhtéd and thelr percentage
composition computed. Organisms were identiiied oniY-uptO
genéra wherever poOssible with the help of treatises of Pennak

( 1953), Edmondson { 1959) and Needham and Needham ( 1962} .

3.1.4.. Vertebrate Fauna

The source of material for this study were mostly from
the catches of the fishermen, while direct physical observe-

tions were slways made to supplement the data. The cOllected
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material were fixed in 10% formalin end stored in 70% ethanol
after the methods followed by Williams and Coad (1979).
Preserved: fishes were identified using the key in Day (1978),
tlora ( 1951), iHubbs ahd.Lagler (1964) =nd Scott and Crossman
(1973).

30 3e 1o Accegsorz Habi Et AnaL ! §i§

A number of:depressidns or in other words 'Supple-
mentary habitats' were located adjacent to both the Umshing
and Pongtung main s;rea@s; Thellength of the‘major axis, |
minor axis and depth of the depressions were measured with 8
motre tape. The anelyéis of thelr physico-chemical and
'biological properties were done by employing the same procedures
as for the streams'though no detailed graphs were presented to

express the data, Also, no attempt was made to establish

a3 in the case of the streans,

\

3.3.2. Condition Factor

Individual variations in length-weight relationé'-
have been used to determine the "condition® (Le Cren, 1951).
Such factors like 'condition', condition factor or “onderal
index have been calculated by using different formulae by
various workers, However, in the present study, the

'condition factor' has been determined by using the following
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formula (Hile, 1936; Beckman, 1948):

W x 105

K =
Lo

where K = condition factor; W = dry welght of the prawn;

5

and L. = length of the prawn. The number 107 is a factor to

‘bring'the Ponderal index (K) to near unity (Carlander, 1970).

_ The examiner has questioned the validity of estima-
ting the condition factor, while suggesting that it may be
meaningful if dry weightéﬂof the animals are used for _ |
calculationi. The author has omitted adding the word 'dry' in
explaining the formula,. whereas only dry weight was used in
: éctuai éalculations. This omission is regretied, It_is also
true thatiépart from the present author, an earlier QOfker had

determined the condition factors in another species of

{acrobrachium (Rao, R.M, 1967, Studies 6n the biology of
Macrobrachium rosenbergii'(de Man) of the Hooghly estuary with
notes on its fishery. Proc. Nat, Inst. Sci., Vol. 33(B),

No. 5 & 6, 252-279).

4, Results .

'“q1-1. Phaysico-chemical analysis

Regarding the general comments by the examiner
expressing concern about most of the physico-éhemical analyses,
a completely révised chapter on theée aspects as provided above

" may kindly be referred.
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401, 2a. Bhytoplankton

In page 58 of the Thesis (bottom 2 lines) it was
reported that there is a distinct summer maxima and winter
minima in all ststions, while the examiner has inadvertently

quoted "a distinct-summer minima",

Figs. 28-29 were given bnly as percentages,_ih-
order to give an over view 0f the phytoplankton composttiqn,
though the actual numbers are available with the author and
aie herewith presented in Annexure 1. Further, the total
phytoplankton data were used elsewhere {Table 13~18) when
computing régressibn equations along with thé prawn popula=-
tion date. 4 similar treatment of the data on Zooplankton
and benthos wag followed and their actual numbers are also-

appended in Annexure I,

[40 1. 2b, Zoonlankton

The detailed description of sampling procedures
‘given in Section 3,1,.2 shows that %he planktOn'sampling was
done close to the bottom of the stream., Therefore, the
occurrence of organisms 1like Diffluzia and Varticegla could
‘bé explained as having originated'from the bottaﬁ o; from

assoclaged vegetation,
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4,2,1. Seasonal fluctuation

- Comments refer mostly to cofrelations;
although this aspect was not dealt with
-under this Section of the Thesis,
Nevértheless, as poihted out at the very
beginning of this Addendum (Page 1)
correlations were worked out only to find
out the degree of relationships among the

various parsmeters and nothing more.

- Prawns of less than 20 mm length were never
' recorded at the sampling stations per se,
though considerable numbers were caught in

accesaory hadbitats (plesse refer Fig. 41).

4,2.3., Length freguency distribution

Please refer to cxplanations provided under
Section 30 2e

Le3.,1. Accessory habitat analysis

Buring the reiny season (June-July), the
depressions are filled with water from the main stream and
éerve as sul table places for the prawns to breed. As compaped
to males, the number of mature ard berried females were always
found to be higher in these habitats. During September, prawns
less than 20 mm size occufred'abundantly in these depressions

{rig. 41}, This clearly ghows that these depressions do serve
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as convenlent places for egg.laying and hatching of larvae.
It wos also observed that most of theAjuvenlles were
restless 'and had a tendency to escape out of these depres-
sions. This probably indicates that-mostvof the prawns -
ultimately swim back to the main'stream when they reach 20
mm Or more, befobe the drought sctually .sets in, A4s an '
avidence it may be mentioned that the author has noticed the

streamward migration of juveniles on several occcasions,

4.3.2, Condition factor

| . This aspect has alreedy been explained in Section .
3030 20
5. Digscussion
‘The general criticism on the 'correlations’ had

already been explained eariier (Page 1) as to Justify the need
to establish relationship only.

2,1; Sexual dimorphism

The method for measurements of total length and
. carapace length was followed after the standard work Of
Truesdale and Mermilloid (1979) on Macrobrachium ohiona ( Swmith)
as it was felt adeguate for the present study,



2.2, Maturation and gggwﬁigg

| . Individuals of size frequency from 35.0 mm to
55.0 mm in Macrobrachium hendersoni hendersoni (de Man) and
size range of 35.0 to S0.0 mn of M, hendersoni _agharensig
(Tiwarl) were used for calculating uonad Index (¢1)
(Table 23). Animals in post breeding phase (Eable 24) were

never included in the above snalysis.

2.5, Food and feeding habits

For calculation of‘GastrosOmatic Index (GSI), the
whole gut was always used by dissecting out, ‘whereas for the
quantitat1Ve analysis of the food, only the foregut contents
were considered., Such measuretlents were also émployed by

earlier workers (Venkatamaman, 1960; Marte, 1980).

2.6, Digestive physiolozy

pH indicator paper was alwajs used to directly
measure in all parts of the alimentary canal, Ilowever, same
of tnése readings were confirmed and verified by a sophistica=
ted pH meter with a very tiny electrede, &Cven in these cases,
the washings of parts of the gut were only minimal just to

remove the food particles if any.
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4,6, Digestive physiolo

The reference to appéndagés as parts qf the
alimentaé; canai‘was 4ncluded unfortunately during typing
and this error was overlooked, The author acknowledges this
aisteke, At the same time the lack of including the terms

»'mouth'.and"oeSOphagus' may also be condoned as a gross

omission..

Addendum: Dissolved Oxyzen (Fig, 12)

‘ The author is aware of the significanCe of dissolved
oxygen fluctuations and the contributing factors as discussed
in detail from page 130 to 131, However, the apparent
supersaturated values in Fig. 12'cou1d be due to any of the
causative factors and difficult to pinpoint precisely., (n
re=examining the raw data. 1t is found that the June to
September period was also the time of phytoplankton maxima
( Annexure I). In addition to this, June to September period
1s also the high rainfall season with maximum flow rate. It
is likely that anyone of the above causes could be attributea
to the aupersaturated condltion. since precautionary measures

were always taken while sampling for dissolved Oxygen,

Finally, regarding the suggestion of the examiner to
include an analytical section on the “recommendatioh for

manégément or aquéculture“, Lt may be pointed out that the
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main objective Of this work was only to gather basic and
fundamental data that may be of eventual use for aquacul-
tural ané managemenf practices, Tnerefbre the author'feels
reluctant at this stage to offer any recommendations which '
éay soﬁnd far-fetched. Such recommendations are also
unwarranted in view of the limited scope of the Title 6f
the present Thesis. Nevertheless, ample discussions are
provided for both sections of the Thesis and relationships.
established for the factors st&died.

N

Please refer to the Thesis for all the literature
cited in this Addendum,



ANNEXURE E

Data showing the total phytOplankton (uni t/1), total zooplankton (unit/l) and total benthic

organism (unit/m 2) at different staions.

¥ ' ' 1 . [ 1
7 Station A, ! Station A ! ‘Station A : Station B, ! Station B 4+ Station B

lionth ¢ L . _.1 S rZ 0 i 2 : T 3 T T 12 R T 2

. A;TP 2 T2 ) TBY TPy TZ IBYOTP TZ' W) ™ T2y M) T 1TZ TB!»TE 1 T2 I8
‘ 4Jan.197 105 55 S0 100 "3 56 215 38 60 210 85 58 220 70 72 220 74 8b
Feb, 80 .25 76 -8 22 76 185 24 46 375 40 82 340 35 100 350 34 104
Mar. 310 68 49 405 700 106 2400 74 75 315 86 96 425 78 138 L4LLO 76 136
Apr. - 206 110 115 210 115 108 320 120 96" 425 150 120 460 144 150 480 130 - 150
May 300 52 94 3% 56 100 410 58 114 540 68 104 625 6 138 640 0 62 158
Jun. 425 64 96 440 66 102 240 68 50 360 58 154 360 54 86 ‘365 50 156
Jul. 410 58 90 420 62 92 380 63 72 41 60 142 380 58 90 390 55 124
Aug, LWd - S0 118 450 56 130 . 410 55 94 44O 46 200 420 42 172 425 4O 258
Sep. 320 48 142 330 . 52 144 450 51 114 580 48 140 440 45 174 450 44 66
Oct. 540 58 80 5560 62 96. 590 64 98 650 78 136 640 . T4 62 650 74 86
Nove =~ 280 48 120 310 58 108 390 80 56 410 65 133 440 66 70 452 69 138
Dec. 120 50 58 140 52 78 250 58 48 318 50 106 280 48 66 290 60 146
Jan.1980 110 5S4 56 190 31 54 220 31 72 215 86 & 220 . 638 55 235 68 82
Feb, B2 26 80 90 24 78 180 22 64 382 42 78 210 3 64 348 32 104
Mar, 315 69 104 410 72 100 244 68 84 314 S0 102 342 77 T0 432 72 14
Apr. 2190 112 "118 208 120 134 330 110 142 440 152 114 L20 142 66 475 125 . 148
May 298 58 102 315 60 116 420 48 154 546 70 106 555 58 70 638 60 146,
Jun, 428 66 100 446 68 114 250 59 98 364 €0 134 342 56 130 470 48 k4
o Sdule - 412 57 98 418 64 106 367 60 120 425 62 132 364 62 106 380 52 132
i Aug. 450 52 130 460 60 128 425 5S4 144 430 S50 208 385 40 112 440 41 258
© Seép.” - 340 50 156 328 50 142 460 48 168 572 52 220 415 45 198 450 48 216
- Octe [ 350 56 82 570 62 96 60 61 138 585 82 134 630 70 90 584 76 100
~Neve ° . 20 70 120 32 72 126 332 80 114 424 60 132 432 56 118 378 €0 134
B0 90 305 58 86 320 36 102 25 40 124 282 50 1O

Dec. 115 65 76 150

aam—

TP = Total phytoplankton; TZ = Total zooplankton; TB = Total Benthic organism.
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India stands oﬁ the top in world shrimp production.
Prawns afe exported in different forms such as frozen, canned,
dried, pickled, curry, meal, powder, bits, etc. As prawn is
one of the most delicious food items, the per capita
consumption of prawns in advanced countries is increasing year
affer year dué to increase in buying power and increase in

population,

India is exporting 49 items of marine products to 98
countries in the world (Sakthivel, 1976). India's export for
the first time touched a remarkable figure in 1975 to the tune
of 53,4&2 tonnes in quantity and Rs. 105 crores in value, Of
the 49 items of marine products, frozen prawns are alone
accounted for 88% (46,831 tonnes to the value of Rs. 94,34
crores). Of the 98 importing countries of Indian marine
products, Japan and USA alone lift'mgre thgp_90% of our
products. In the coming years, some more Eﬁropean countries
are likely to Jjoin the import race inonaéging*fﬁrther demand

for prawns.

The cultivable inland water resources of India are
vast but majority of them remain neglected. They are either
not cultivated or if cultivated not effecti&ely managed or
gxp;oited; Thus sc;ent%fic management of prawn fisheries in
impounded waters, assﬁméé special significance as this can go
a long way towards meetingdihe nutfitionai fequirement of at
least to our country when we are facing a shortage of even

tﬁe.cheap protein., In scientific prawn farming, aiming at



maximising the production with ﬁinimum cost, utmost care is
to be observed at every state, in which nursery rearing of
seed occupies:an important postion., The fender young ones
of the cultivated prawn require special care and treatment
before they are tranépofféd.frdm the natural conditions to
the new habitat of impoundments., The delicéte larvae and
post larvae may not readily adjust to the newly'eXposed
conditions and undergo large scale of moitailty dug to
changed physico~chemical .and biotic environment., Thus, to
empioy scientific methods in rearing prawns, a thorough
knowledge and understanding of their natural eco-system

becomes imperative,

Meghalaya with its swift flowing streams and rivers
offers an excellent scope for studieé on avéilgble}§fgwn
species. - The traditidnai.practides of sﬁiftipé culfivation
termed "Jhum" which promotes denudation and soii erosion are
the part of stresses to which the féuﬁé of this region are
usually subjected, In this confext, an adequate knowledge
of hydrological and biological parameters, in the first
instance, is considered by the fishery workers as an essential
pre-=requisite for the better understanding of the respective
faunal eco-system (Gupta, 1980),

There is a paucity of information on the écology and
biology of the fresh water éhrimpé of the indegenous species

and particularlyiﬁhere is no work at all, on the prawns

specific to the highlands of the North-Eastern part of India



iii

and knowledge on these, ls of utmost importance, not only
from the academic point of view, but its utility in
increasing the technological efficiencies of the fisghery
enterpreneufs for evolving judicious management measurés in
‘prawn culture, Hence, a virtual absence of scientific
knowledge on these aspects, promoted me to undertake the
present investigation.. It is, therefore, earnestly hoped
that the-information embodied in this disser@ation, apart
ffom its academic value, would have‘application and
felevance to the:socio—economic development of -these areas
of the country by evo;ving suitable pisciculture

techniques.

The present study pertains to the specimens of

Macrobrachium ‘hendersoni hendersoni (de Man) from Umshing

stream and Macrobrachium hendersoni cacharensis (Tiwari)

from Pongtung stream collected during the period from
January 1979 to December 1980, The results obtained during
the present study are presented in this thesis entitled
"Studies on certain aspects of ecology and biology of two
palaemonid prawns, Macrobrachium hendersoni hendersoni

(de Man) . and Macrobrachium hendersoni cacharensis (Tiwari) ",
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In the present day world, where the economy of a
~natlon depends on judicious prospecting, conservation and
proper management of renewable and non-renewable resources,
the role of biological atudy is manifestly becoming
significantly important. Today, the field of blology is no
longer an academic subject only, as it concerns every one
directly or indirectly related to food, energy crisls or
pollution (Nasar, 1977).

Prawns have great significance in the life of
mankind, being an important natural source of protein
(Menu-Merqua and Morales, 1974) and providing certain other
useful products (Sakthivel, 1976). In India, iniand waters
with potentialities of pisciculture is approximately 7.5
million hectares or in other words 2.34% of the total areas
of the country (Biswas, 1982). Extensive researchers, in
India, generally centres around the biology of only those
A spéoies which are being used tb stock in dams and lakes

rather than exploring other cultivable natural resources,

The aim of any good fishery management is always to
obtain the maximum sustained yield from a water body. This
involves removal of yield equivalent to the amount
produced each year and for this, it is necessary to
understand first, the basic ecology and biology of any
cultivable species. In relation to ecology, comparative
ﬁhysiologists ordinarily deal with functions which describe

the relation between the organism and its medium or which



delimit the environmental variation compatible with life.
The tendency has therefore been to study physiological
properties in relation to medium properties and to consider
various internal states as "a function of the corresponding

parameters in the enviromment" (Prosser, 1955).

The human race, at the moment, is confronted with
the greatest crisis of finding adequate water resources for
its multiferious use. While this may be a recent exigency
of mankind, limnologists are concerned with the basic
understanding of how plants and animals carry out their
various life functions in relation to their environments,
Such knowledge may be of ultimate value not only to under-
stand the structural and functional dynamics underlying
aquatic eco=systems, but also be of applied value in

Yaquaculture programme' (Bhattacharaya, 1981).

'Aquaculture'! is becoming of utmost key way in
meeting the world wide demand for shrimps. Forster and
Wicking (1972) described three basic types of aquaculture:
(1) "extensive (low stocking densities) or free range"
culture in very large outdoor aquasystem (2) "intensive
(high stocking densities) outdoor culture in smaller, more
controllable ponds, tanks or race ways" and (3) very
intensive (high stocking densities with frequent croping)
indoor culture in completely controlled environmental
aqua=system", McSweeny (1977) further defined inténsive

culture as_the "propogation and rearing of aquatic species



in artificial systems which exhibit three characteristics:
a high degree of environmental control; an artificial means
to increase production significantly over natural or
extensive systems; and minimal water requirements", Neal
(1973) concluded that with a few exceptions, intensive
cultivation of aquatic animals is much more likely to be
commercially successful in coming years than extensive
aquaculture, However, an economically practical technology
for very intensive culture of crustaceans has not yet been
demonstrated (Sandifer and Smith, 1978), although notable
advances have been made in recent years (Mock et al., 1973;
Shigueno, 1975; Sandifer and Smith, 1977; Van Olst ef al.,
1977; Salser et al., 1978), '

In view of the ever increasing demand for shrimps both
for local consumption and for export purposes, the Indian
prawns have been attracting attention from a rapidly
developing‘fishing industry as well as from the zoologistse
But, most of the notable works in India includes only the |
marine forms (Henderson and Matthai, 1910; Chopra, 1939;

Nair, 1949; Gopalakrishnan, 1952; Kurian, 1952, 1953, 1954,
19643 Menon, 1952, 1954, 1961; Panikkar and Menon, 1956; John
and Kuriyan, 1959; Bhimachar, 1962; George, 1952, 1364, 19664 .
1967, 1968,1969,1970,1972a,b; Sarojini, 1962; Subrahmanyam, 1962,
1963, 1965, 1966, 1967, 1968, Ramagn, 1964; Satija and Das$, 1964;
Madhayostha and Rangnekar, 1965; Cheriyan, 1966; Panikkar and



Jayafaman. 1966; Secbastian et al., 1966 ; Venugupala, 1966;
Bhimachar and Tripathi, 1967; Kutty, 1967, 1969; Mohamed gt al.,
1967, 1968, 1969; Pandian, 1967; Ramamurthi and Scheer, 1967;
George et al., 1968; James, 1969; Jones, 1969; Rasalan gt al.,
19693 Rangnekar and Madhayastha, 1970; Naidu and Boerema; 1972;
Raje and Ranade, 1972; Kuttyamma, 1974; Pillai et al., 1975;
Goswami gt al., 1977).

Tiwari (1955) has already reported more than 34 species
of freshwater prawn of the genus, Macrobrachium, from Indian
inland water conditions (both lotic and lentic systems). But,
till now, the information so far obtained on their ecology and
biology, does not cover all these reported species., In the
recent years, in India, considerable progress is being made on
certain aspects of these species by several workers '
(Rajyalakshimi, 1961, 1966, 1980, a, b; Imbrahim, 1962; Raman,
1964 , Pillai, 1965; Subrahmanyam, 19663 Gupta, 1967;
Nagabhushanam and Vasantha, 1967, 1968; Pandey, 1967; Rao,
1967; Tpagi’ and Prakash, 1967; Koshy, 1969, 1973; Nagabhushanam
and Chinnayya, 1968; Rajyalakshmi et al., 1968; Rajayalakshmi
and Ranadhir, 1969, 1974; Rasalan et al., 1969: Tiwari and
Pillai, 1971; Pillai and Mohamed, 1973; Jalihal and Sankolli,
1975; Goswami et al., 1977; Katre, 1976; Katre and Reddy, 1977;
Nagabhushanam and Jyoti, 1977; Murthy, 1978; Shar@a and
Tiwari, 19783 Ghate and Mulherkar, 19793 Nagabhushanam and
Kulkarni, 1979, 1981; Sukumaran and Kutty, 1979; Goswami



et al.y 1980, 1981, 1982, 1983g,b,c} Murthy and Saxéna, 1980;
Anantharaman et al., 1981; Rao et al., 1981; Saxena and
Murthy, 1981, 1982; Goswami, 1982),

Although there is reason to be optimistic about the
potential for eventual commercial production of prawns in
envi;onmental controlled systems, number of areas still
require considerable research and development effort
(Smith and Hopkins, 1977; Sandifer and Smith, 1978), Chief
among these are prawn nutrition, behaviour, physiology,
génetica, culture systems design and optimization, pilot
plant demonstrations and economic feasibility analyses

(Sandifer and Smith, 1978). Successful controlled ehViron=""'

ment culture of lMacrobrachium, will require: the development

of nutrltlonally complete cost effectlve rations; the
determlnatlon and malntenance of optlmal condltlons for
prawn surv1val and growtn nnder cnowded Condltlons; genetic
manipuiation’to produce'prenns betfer suited for intensive
culture than essentiaglly w1ld animals, we have today,
reduced system costs, improved management techniques and
greater production efficiency for M, rosenbergii (Sandifer
and Smith;'19789. ‘But, in order to find cultivable local:
varieties, . firstly .investigations on basic ecology and
biclogy of unexplored epecies;'becomes imperative,

\ Most of the 1nVest1gatlons to day take into acoount

the above v1ew poxnts dependlng upon the partlcular need of

a reglon, state or even a country.- As such a vast amount of



literature on freéhwater prawné has accumulated over the

years in different parts of the world (Schmitt, 1933; Gunter,
1937; Mori, 1939; Hedgneth, 1949; Holthuis, 1949; Riek, 1951;
Maglhaes and Pintu, 1959; Parry, 1961; Johnson, 1963, 1966,
1967, 1968, 1973, Tobia, 1964; Lewls and Ward, 1965; Costa,
1966a, b, 1970; Lewis gt al., 1966; Mistakidis, 1966; Carrillo,
1967; . Hernandez, 1967; Ling, 1967, 1969; Uno and Nanba, 1967;
Antheunisse gt ale., 1968; Costlow, 1968; De La Cruz, 1968;
Denne, 1968; Apollonio, 1969; Kwon and Uno, 1969; Little, 1969;
Misharev, 1969; Moore and Burn,.1969; Choudhury, 1970; Chung,
1970: Fielder, 1970; Fujimura and Okamoto, 1970; = .. ... -...
Holthuis and Provenzano, 1970; Bailey and Crichton, 1971;
Kamiguchi, 1972a, b; Yu and Mijake, 1972; Fujeno and Baba, 1973;
Ruello et al., 1973; Stéffel and Hubschman, 1974; Wickins and
Beard, 1974; Fielder gt al., 1975; McVey, 1975; Sandifer et al.,
1975; Ngoc-Ho, 19763 Martin, 19763 Thebault and Le Gal, 1978;
Lee and Fielder, 1979, 1981, 1982a,b, 1983; Mebride and Muguire,
1979; Beard and Wickins, 1980; Peebles, 1980; Yasuda and Kitoa,
19803 Fair and Fortner, 1981),

Based on the advances already made on the study of
biology and also in the development of freshwater prawn
farming techniques in several foreign countries like Japan,
Taiwan, Phillipines, Thailand, Malayasia, United Kingdom,

Aistralia and United States of America, the researches now



required to be intensified in India, should also be centred
around determination of the availability and distribution
of seed of cultivable varieties and breeding of animals
‘under controlled environmental conditions (De, 1977). But,
in order to do so, firstly, it becomes necessary to under-
stand the basic structure and function of their natural
ecosystém. Secondly, it involves a thorough knowledge
regarding their general biology. But, till now there is no
wofk reported on the hill stream prawns of Meghalaya State,

where subtropical climatic conditions prevail.

There are limited agricultural land in Meghalaya
but 85% of the population subsists on agriculture., Apart
from animal husbéndry and mining of Sillimanite, coal, etc.
there are no industries in Meghalaya., There is, however,
plenty of rainfall and sufficient water bodies to develop
prawn culture in this part of the country., Hence,
introduction of prawn farming in these high lands would
certainly help to grow a new occupation which will raise the

economic status of small farmers.

Keeping these in view, studies on certain aspects of
ecology and biology of two palaemonid prawns, Macrobrachium

hendersoni hendersoni (de Man) from Umshing Stream, and

Macrobrachium hendersoni cacharensis (Tiwari) from Pongtung

Stream, East Khasi Hills of Meghalaya were undertaken.
Ecological study includes their habitat structure - limnolo-

gical analysis; population dynamics and certain aspects of



thelr écosystem. Biologicai‘study includes étudy of the male
‘and female sexually dimorphic structures; muturation;
reprodﬁctive cycles; brood sizé and reproductije efforts,
1afval development, food énd feeding habits, digestive
physiology and neuroendocrine=-regulation of bléod chloride.,
It is is hoped that the data presented from the investigation,
éduld be of help for the‘basic understanding of a subtropical
lotic ecosystem as well as the structural and functional

aspects of prawn populations, in this region of our country.

GEOGRAPHICAL DISTRIBUTION:

Macrobrachium hendersoni hendersoni (de Man) is

commonly available in the water bodiéé of East Khasi and Garo
Hills of Meghalaya, India, Pillai and Biswas (1979) has also

" reported this species from the streams of Arunachal Pradesh

~and Manipﬁr of North Eastern India. Macrobrachium hendersoni
cachgfensis (Tiwari) is disfributed throughout the Khasi _
Hills of Meghalaya, Mikir Hills and Cachar district of Assam.

Acéording to Tiwari (1955) the genus Macrobrachium
had marine origin and has acquired freshwater habitat by
immigrétion from the sea to the interior of land through
rivers. The procéss of adaptation to freshwater is not yet
complete, because many,spgcies are found in estauries and
still depend on brackish water for breeding. Bdt, at the
same time,.some oi them became completely acclimatised to the

hill stream cpnditions with several allopatric forms. Pillai
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and Biswas (1979) have reported the occurrence of

Macrobrachium hendersoni, M. hendersoni hendersoni,
M. assemensis, M. dayanum, M, lamarrel, M. choprg; and

M. birmarichum from the North~Eastern regions of India,

It has been observed by the present author that the
streams and rivers of North-Eastern regions oi India meets
with either river Brahmaputra or Megna river (Bangladesh)
which ultimately ends into the Bay of Bengal (Fig. 1).

The distribution patterns of the lotic system and the
tendency of mass migration of palaemonid prawns (Hoglund,
1943; Forster, 1951; Ibrahim, 1962; Rajyalakshmi, 19€13
Bimachar, 1965; Raman, 1965; Lee and Fielder, 1979) could
be the further evidences to support "Inland migration

hypothesis of Macrobrachium"™ after Tiwari (1955).

TAXONOMIC STATUS*

Phylum : Arthropoda; Class : Crustacea; Sub-Class :
Malacostraca; Super order : Eucarida; Order : Decapoda;
Super family : Palaemonida; Family : Palaemonidae; Sub-.

family : Palaemonienae; Genus : Macrobrachium Bate 1868.

Specimens : Macrobrachium hendersoni hendersoni
(de Man) |
Macrobrachium hendersoni cacharensis

(TiWaI‘i) °

¥Prawns were identified by Dr. K.K. Tiwari, the leading
Prawn Taxonomist, India.
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Ecological study of any group of organisms require
an intimate knowledge of the nature of the environment in
which they live, feed and reproduce (Gupta, 1980). The
tempo of investigations in lotic-ecology has increased in
recent years and considerable advances are being made (Berg,
19433 Burton and Odum, 1945; Berg et al., 1948; Fjerdingstad,
1950 Alleh, 1951; Illies, 1952, 1964; Van Someren, %1945
Albrecht, 1953; Harrison and Elsworth, 1958; Oliff, 1960;
Margalef, 1960; Allanson, 1961; Macan, 1961, 1962; Chorley,
1962; Minckley, 1963; Klinge and Ohle, 1964; Cummins, 1966,
19743 Minshall, 1967, 1968, 1978; Ulfstrand, 1968;
Venkateswarlu and Jayanti, 1968; Venkateswaralu, 1969; Hyhes,
1970, 1971; Imevbore, 1970; Coffman et al., 1971; Curry,
1972; Kaushik and Hynes, 1972; Ziemer, 1973; Webster, 1975;
‘Fisher, 1977; Wallace .23 al.,1977; Platts, 1979). .

This awareness has led to the concern over deterio-
ration of water courses as a result of poor land utilization
and their use as repositories for man's rejectamenta has
stimulated research into the basic dynamics of the lotic
environment and its biotic communities (Bishop, 1973),
Before any assessment of pollution effects can be made, or
national remedial action is suggested, thére must be a sound
detailed knowledge of the natural characteristics of |
regional water courses as a reference standand,‘ This

knowledge'can be resulted only from investigating the whole
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drainage area as a unit ecosystem {Evan, 1956) rather than
Just the specific conditions in the system (Slack, 1955;
Hynes, 1969),

From head waters to mouth, the physical variables
wlthin a lotic system present a continuous gradient of
physical conditions, This'gradient elicits a series of
responses within the constituent populations resulting in
a continuum of biotic adjustments and consistent patterns
of loading, transport, utilization and storage of organic
matter along the length of a lotic bodies (Vannote et al.,
1980)., Many communities can be thought of as continua
consisting of mosaics of integrading population aggregates
(Mc Intosh, 1967; Mills, 1969). Such a conceptusiization
is particularly apprOprlate to streams. Several workers
have Vlsuallzed streams as possessing assemblage of species
which respond by this occurrences and relative abundances
fo the physical gradients present (Shelford, 1911; Thompson
and Hunt, 1930; Ricker, 1934; Ide, 1935; Burton and Odum,
19453 Van Deusen, 19543 Huet, 1954, 1959; Slack, 1955;
Minshall, 1968, 1978; Ziemer, 1973; Swanston et al., 1977;
Platts, 1979).

o Freshwater crustaceans like other freshwater animals
keeb their body fluids hyperosmotic to the medium (Robertson,
1960). They ere faoed with a continuous osmotic inflow of
water which they have to excrete, and with the problem of

actlve absorptlon of ions from a' very dllute medlum to v, . .L
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replace those lost by outward diffusion and excretion.
Starvation, temperature, state of maturity and stage in the
molting cycle, may influence the level of internal lonic
concentration in the freshwater crustaceans (Robertson, 1960),
Many workers (Potts, 1954; Lockwood, 1961; Shaw and Sutcliffe,
1961, 1967) have studied the osmotic regulation of stream
organisms under differing salinity levels but most of them
considered only the sodium (Na') ions. Aumonia is the
principal excretory product of crustacea (Hartenstein, 1970;
Hochachka and Somero, 1973; Kinne, 1976) and its modes of
toxicity as well as concentrations lethal to a variety of
organism have been well documented (Warren, 1962; Campbell,

1973) .

The supply of oxygen has a great influence on the
distribution of aquatic animals (Ambuhl, 1959, 1961; Berg
et al., 1959, 1962; Edwards, 1960; Eriksen, 1964, 1968). They
investigated the relation of oxygen consumption to the oxygen
concentration and tried to correlate the results to the
natural distribution of the animals. Stephenson and Knight
(1980) studied the effect of temperature and salinity on
oxygen consumption of Macrobrachium rosenbergii. (de Man).
While many environmental disturbances have no readily
detectable effect on aquatic invertebrates in the short term,
they niay prevent normal reproduction and cause eventual local
extinctioh of a species (Lehmkuhl, 1979). Heavy metals and

toxic substances may drastically reduce reproduction rates in
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species exposed to sublethal levels., Dissolved salts and
pH affect organisms at abnormally high or low levels but

most mechanisms are unknown (Lehmkuhl, 1979).,

Very little precise information is available on the
ecological significance and effects of nutrients and ions on
aquatic life., Most life history disturbances result from
excess of nutrients and ions rather than insufficiencies (Nduku
and Harrison, 1976).0n the other hand certain organisms appear
to thrive over a rather wide range of concentrations (Hannon
and Young, 1974). As even higher levels, most organisms are
able to osmoregulate to a point but species begin to drop out
as lon concentrations increase (Wichard et al., 1973, 1975;
Tones, 1979). Drastic changes in physical features such as
current velocity, water level fluctuations, substrates, etc,
can eliminate sensitive species while allowing tolerant ones
to thrive. Some information is available from studies of
newly established "habitat hypothesis" that insects, worms,
crustaceans and molluscs constantly'invade new habitats from
surrounding areas (Williams and Hynes, 1976). Competition
and ability te reproduce in the new habitats soon moulds a
new community. "Fine tunning" may occur through such
processes asgs conditioning df water by another life stage. Both
growth rates and natality are higher in water that has been
conditionea by the presence of adults than in water where there
are no adults (Williams and Hynes, 1976). Thus, various subtle

aspects of life histories (e.g., fecundity, vagility and



competitive ability) control community structure and composition

in freshwater invertebrates.

Changes in current velocity and substrate act selective-
ly on individual species ahd on individual life history stages.
A sandy stream substrate, caused by a mining operation, formed
an effective barrier to upstream movement in insect nymphs
(Leudtke and Brusven, 1976), Smith and Sandifer (1976)
increased production of tank-reared Macrobrachium rosenbergli
through use of artificial substrates. Kovalak (1976) found an
interaction between temperature and currents that influenced
positioning of Glossosoma nigrior on brick substrafes. Faunal
changes in areas of siltation or altered current velocity are
therefore predictable, But, more prcise studies on such

- relationship are needed,

The population of crustacean community in a particular {
habitat fluctuates to a greater or lesser extent in time and .
space. The study of such natural population, therefore,
requires an intimate knowledge of the concepts of population
and the environment in which they live, Gauge (1961) defined
population as a collection of individuals persisting through a
famiiiar but vaguely déiimited time span within an ill defined
area or space whereas their environment included the abiotic
milieu ==~ the non-living organic matter, plants and animals ==
inclusive of other members of the population. On the other
hand, Solomon (1949) emphasised that population and envirorment

are inseparable and every population requires a real ecological
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setting for its fﬁnctioning, rather than an imaginary
ecosystem minus the population, called the environment. By
this statement he redefined the'ecosystem concept originally
 proposed by Tansley (1935) to explain the inter-relationships
between the functional aspects of a population and the sets of
abliotic conditions. Such approach could be applied to study
the population dynamics as a 'life system' which consists of
the population itself and its effective environment wherein
the external influences éuch as the biotic and abiotic factors

are observed and measured,

The process of colonization is important for
establishment and maintenance of diverse and stable
communities. The ability of an established community, called
an epicenter, to recolonize and impoyenshed area with regard
to total number of species present becomes especially critical
when the ecosystem exists under the strain of either a chronic
or acute source of toxic stress (Cairns, Jr., gt al., 1980) ,

Filter feeding aquatic invértebrates occupies an important
niche in functioning of stream ecosystems (Cummins, 1973 &
1975; Wallace gt al., 1977). They capture and alter the
composition of fine particulate organic matter in transport,
thereby, influencing the food available to colléctor, and
provide importaﬁt energy subsidies to predators like shrimps.
Filter-feeder can reduce the suspended organic load of streams
(Chutter, 1963; CuShing, 1963; Hynes, 1971) and may form also

another link in the processing of algae or detritus by consuming
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fine particulate faces produced by other components of the
animal community (McCullough et al., 1977). Thus, identifica-
tion of such component becomes imperative for the clear
understanding of their ecosystem. Further, influence of man
on any population, is also one of the important parametersin
the content of ever increasing rate of urbanization and

industrialization and needs consideration (Clark gt al., 1978).

There are very limited works on the ecology of fresh
water shrimp as a whole. Kubo (1948, 1950 a, b) made an
ecological study on the Japanese fresh water shrimp, Palaemon
nipponensis with special emphasis on items important for its
propagation. With the development of aquaculture techni ques,
in the recent years, a considerable progress are being made on
this aspects by several workers (Raman, 1964; Johnson, 1965,
1967; Allen, 19663 Coelho, 1966; Hughes, 19663 Baxter and Renfro,
1967; Couture, 1967; Aldrich et al., 1968; Ling, 1969;
Truesdale, 1970; Truesdale and Mermilloid, 1979)., . .
Rajyalakshmi (1961, 1974, 1980) studied certain aspects of

ecology of the Indian riverine prawn, Macrobrachium

malcolmsonii, But, till now, no report is available on the

~ecology of the hill stream prawns from any part of India.

Keeping in view the above facts, the present study on
the ecology of two palaemonid hill stream prawns, Macrobrachium

hendersoni hendersoni (de Man) and Macrobrachium hendersoni

cacharensis (Tiwari) was being undertaken. The study inclwles

collection of information on the topography,’ climate, geology,
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Lithology, vegetation cover and land use, nature of
pertUrbatiohs, the physico-chemical variables of the |
environment, seasonal blotic composition of the stream and
also with major emphasis on the préwn population dynamics and
their inter-relation with the various abiotic =nd kiotioc

parameters of the environment,



2. STUDY AREA
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2.1, GENERAL CONSIDERATION:

Umshing stream and Pongtung stresam are, the two lotic
water bodies selected for ecological studies of the prawns,

Macrobrachium hendersoni hendersoni.(de Man) and Macrobrachium

hendersoni cacharensis (Tiwari). Criteria for selecting these

two water systemswere:

‘a.»‘they comprise small ﬁerennial‘streams which could
a be sampled throughout the year by standard stream

benthos techniques.

b. they were shallow and sméll enough to carry out a
detailed study throughout the entire courses

Ce. the streams were proximate to the laboratories in
comparison to other streams and it enabled rapid
chemical analysis of the water samples.

d. the streams were free from gross organic pollution
and chemical or industrial effluents.

e. the two streams have also an altitudinal difference,

f. both the streams were rich in prawn population,

2,2, TOPOGRAPHY:

Unshing stream (25°41' O6"N and 91°52' 27"E) is located
near Barapani Dam, 25 kms from Shillong (Bast Khasi Hills), the
capital of Meghalaya state (Fig. 2). Umshing -stream originates
at an altitude of 1514 m, and flow down to an altitude of 1050 m,

Pongtung stream (25°15' 0O"N and 91°54' 15"E) is also
located in Khasi Hills, 72 kms. from Shillong and is quite close
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to the boarder areas of Bangladesh (Fig., 2 )+ Pongtung stream
originates at an altitude of 6390 m, and flows down to an

altitude of 610 m,

2.3, CLIMATE:

The reglon under study has a tropical monsoon climate
with high rainfall (Figs. 3 & 4). In fact, Mawsynram, situated
about 50 km. from Shillong records the World's heaviest rainfal
rainfall, nearly 1400 em, In the present study, based on
temperature regimes, each annual cycle has been divided into

four seasons:

I. Spring (March fo May): dry and windy..
II. Summer and rainy season (June to September): warm period
with high humidity. |
'III, Autumn (October to November): less windy, less warmer
with average humidity,

IV, Winter (December to February): rainless period.

The summer temperature in Umshing areas goes as high as 27°C
while in winter it falls down to 6°C., The summer maximum in

Pongtung areas is 34,5°C and the winter minimum becomes 11.2°C,

Flash floods and spates in the streams during the rainy
season due to high rainfall is quite frequent tut permenent

flooding of the drainage basin for longer period never occurs.
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2.4, GEOLOGY:

‘ The'highiand comprising tae Garo,?Khasig'Jaintia and
the detached Mikir Hills is known as the Shillong piateau
. which forms the North Easter part of the continental mass of
India., Physiographically, it represents a remnant of an
ancient plateau of Pre~cambrian Indian peninsular shield
‘uplifted to its preséﬁt height of 6162m. to 1544 m, above the
sea level, The Karnel of the plateau is the exposed Archean
gneisses and schists covered in this.area by Pre-cambrian
quartzites and phyllites. This was later marked by the
~intrusion of younger granites and basic/ultrabasic schists.
This ancient pene-planned surface .of the pléteau is still
preserved with marks of different cycles of denudation., It
is hidden beneath the Mesozoic traps along the central,
southern fringe and cretaceous, tertiary and post tertiary
sediments. The polycyclic erosional surface at various levels
indicate that the present physiographic configuration of the
Qlateau was obtained through different geological events since

Mesozoic to present study.

The tectonic history of the plateau begins with the
effu8lon of plateau basalts (Sylhet traps) through fractures
and faults in the basement and uplift and subsidence of the
adjacent basement block, These were followed by upper
cretaceous~tertiary sedimentation into the relstively down

lifted portion along the faults. The tectonic force has been
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known to'bg vertically dominated and controlled by differential
movements along the bagement fractures., Further details of the
tectonic theory is not dlscussed here as it is outside the
purview of the present study.

245, LITHOLOGY:

The rocks around Barapani (Umshing stream) area are
miinly of Shillong groups (D.G., G.S.I. Report, 1974) which
consists rocks of both sandy (arenaceous) and clayey
(argillaceous) nature (Fig. 5). The clayey rocks consists of
phyllites, mica schists and carbon phyllite, while the sandy
type includes green stones, granite and upper cretaceous
sandstones The sand stone are mainly coarse grained. The
.chemical composition of the rocks in terms of various oxides
i1s as follows: 5i0, : 51.94%; AL,05 3 64 70%; Ti0, : 64 64%:;
Na,O : 1.10%; K

2 2
rest includes other trace element oxides.

0 : 0,05%; CaO : 8,95%; MgO : 3,62%; and the

The rocks around Popgtung area (Fig. 5) are represented
by conglomerate, sandstones and lime stones of Jadukata forma-
tion and Mahadek formation (D.G,, G.S.I. Report, 1974). The
Mahadaek formation includes felspathic sandstone, orcherous sand=-
stone (yellowish brown) and glauconitic sand stone (light green
in colour) with alternations of greenish brown shales and mud
stones, Ferruginous‘sandstones are also present with clay bands
containing coaly streaks and often decomposed plant matter

(Datta, 1978). Boulders resembling conglomerate, shales,
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mudétones, sandy lime stone and ferruginous concretions are
profusely developed, Limestones were compact hard, clayey and
compact élgal types. The general compostion of the rocks in
terms of the oxides is as follows: SiO.: 47,0%; AL.O.: 11.0%;

2 273"
Ti0,: 4,25%; Na,0: 2,3%; K03 0,84%; Cal: 91.11%; MgO: 4,76%

2
and rest includes other trace element oxidesg.

2.6, SOIL:

The soil varies all over the Meghalaya plateau in
physico=chemical characters and fertility conditions, They
afe mostly lateritic type derived largely from granites,
achist rocks and vary from sandy, red and clayey loam to sandy
lime, The soils in the basin are more fertile than the upland
solls since much of the bases and organic matter from the top
soil of the latter gets washed away due to high rainfall, The
sediments are mostly sandstones and ‘shales (mud stones) and
well defined fossiliferous limeStones; The perqentége of
organic carbon is nearly 5 to 10 and the pH between 4.5 to
655.

2+7. VEGETATION AND GENERAL LAND USE:

The extent and type of ground cover in specific areas
of the watershed exerts considerable influence on the hydrology
and chemistry of the lotic system and has indirect effects on
its biota through allochthonous organic production,”temperature
moderation and in denuded'areas, by elevated removal rates of

both inert and nutrients, A.complete list of macrovegetation
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Table 1: Distribution of bankslide macro=-vegetation (viz, trees,
shrubs and grasses) at each station (*, rare;

-, absent; +, present, ++, common; +++, abundant) .

cont! d.

Toxa é U?Shing_stream ?VPppgtung sfream
' \ } A1 'AZ A3 i B.1 B2 Bf
Artocarpus chaplasha - - - + + ++
A, 1ntegrlfolla - - + + ++
Bauhina sp. - - - * + ++
| Castonopsis spe - - - * + ++
Croton 32222 & - - * + +
Eugeni teuragona - - - + ++ +4
Ficus sp. - - - + - -+
Litsea umbrosa - - - + ++ -+
Lagérsfromi Jole 1floraA ;; - - + * +
Pinus kesixa - +++ +++ ++ - - -
Glochidion spe. - - - + ++ ++
Quercus serrata - - - ++ +++ ++
Rhododendrdﬁléﬁ; + + + - - -
Sdhima wallichii - - - + + ++
Te{’miﬂalia Spe - - - * + ++
- Dendrﬁcalé@gg SPPe ++ ++ ++ ++ +++ +++
Bambugg'spp;  ++ + + + ++ b+
E}@atdrium SPP ' ++ ++ ++ - - -
Lantang camara ++ +4+ ++ ++ ++ ++
Apuﬁdinella spp. ++ +obt ++ ++ ++ ++



B

— _

s Unshing stream Pongtung stream

Taxa ] — . — . .

P A Ay A3 1 By By By
Brunella sp. L ++ + - - -
Carex sp. . ++ + - - -
Cigbopqggg citratus o+ +++ ++ ++ ++ oot
Cyperus sp. ‘ ++ ++ + - - -
Fimbr;ié'tzlig Sp. ++ + + - - -
Hypochaeris sp. b o+ - - -
Imperata sp. -+ ++ + + + +
Osbeckia SPe ++ ++ + - - -
Panicum sp. ++ ++ + ++ whE
P'dlxgo‘nm SDe 4+ ++ + + ++ ++
Péggndfhérum SDe ++ 0+ + - - -
Rotella sp. o+ + - - -
Rubug sp. r PO - - B}
Saccharum sp. - - - * P
Scinpus spe -+ ¥ N - - -
'hys - - - * + ++

Thysonolaana sp.
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found near the stream bank are given in Table 1,

The head water of Umshing stream flows through thick
forest and then about 5 km straight down through some
agricultural land at the lower course where it also meets with
outlet of the Barapani Dam., The agricultural lands are used
infrequently for the cultivation of rice éﬁd certain other
vegetables, Hand digging and coWdung manuriﬁg are the most
commonly practised methods of farming. Stream Pongtung, on
the other hand, flowing through steeﬁ hills for a distance of
6 km from its source, passes throﬁgh a thick vegetation on its
both banksides and finally rolls down in weak zone about 60 ft.
straight forming a waterfall, The hill sides were not used
for the agricultural purpose because of Too many exposed rocks
and gravels of various dimensions and the only human disturbance
of this:system is sport fishing whiéh.qf course is a favourable

practiece of the people throughout this region.

248, SAMPLING SITES:

Stations for chemical and biological study are
selected as such as it represents the most obvious areas of
the stream., A very large number of sites i.e., sub-stations
were selected from all the habitat under study and represented
finally as a unique single sampling site; It was hoped that
areas chosen would cover the main range of conditions found in
ﬁhe vafious zones. Six main sampling sites were selected,

_three from each stream, indicating A1, AZ’ A3, and B1,B2 snd B3
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(Figst 6 & 7) .

2.8.10 Station A1:

_ Station A1 is located on the upper region of the Umshing
stream (Fig. 6a). Substrates were predominantly small boulders
with stones,,graveis and sand in between. Out of the emergent
vegetatibn in the shallow areas Lemna sp. and Cenoﬁgggz;;vm,sp.
were the most dominant types (Table 2). Various mosses and
liver wort grew on the.larger rocks and boulders (Table 2), The

vegetation cover of the bankside were mostly large trees, shrubs

and patches of grassés. Pinus kesiya, Rhododendron sp.,

Dendpocalamus hamiltonii, Lant@na sp., Supatorium sp., Cyperus
Spes, Panicum sp., and Rotella sp. were the most dominant genera
(Table 1). Over the period of investigation, considerable
deepening of the unstable stream bed occurred at this étation.

r

2,842, Station AZ:

Tt is in the middle region of the Umshing stream (Fig.
6b)., Large boulders grossly characterize this study area but the
substrates between these were sand, gravel and stones of variable
dimensions. The bottom was stable over the study period with no
visible chanrel. alternation. Build up aﬁd erosion of gravel and
sand beds during spates was evident, but in:a short period the
stream returned to the original ooﬁfiguration. The vegefation
A structure of the stréam bank side is almost like that of

Station A1 (Table 1).



Fig.: 6:"Photographs showing the sampling sites, Umshing

stream during early winter.

| A ¢! Station A1
B ¢ Station A2

C : Station A3






Riccardia spe.

Table 2: Aquatic vascular plant both submerged and emergent
type and Bryophyta of the banks, boulder and bottom
substratum at each stations (%, rare; -, absent;
+, present; ++, common; +++, abundant)

:T Umgshing stream :_ Pongtung stream
Taxa i‘“ _ T: S, — .
I I R B 2 B3

'VASCULAR PLANTS:

Ceretophyllum sp. ++ + + + *

Hydrilla sp. % * + + ++

Lemna ‘spp. ++ + + +. + +

- Myriophylium sp. * * o+ ++ + ++

Ranunculus sp. - - - +

Wolffia sp. * - - + +

BRYOPHYTA:

Colistella sp. + + + + ++

C;hilog cyphus sp. + + + *

Cladopodiella sp. * * + *

thm‘i:‘;ﬁ liszh;sp.' + o+ + + ++ et

Malltq.éa.adium Spo¥ * + * *

Legﬁodicty Tum SDe # * + * +

M:.cromi*trium Spe  + + + + ++

Radula sp. * * * * +

Ricoia spp, ox * * + ++

+ + * + + +

r
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It is in the lower course of the Umshing stream (Fig.
60), Cyanophytes often fofmed thick layers on the bottom
 stones so that the substrate becomes too slippery to walk on.
The substrate includes boulders of various dimensions and sand
with organic deposits. Emergent and bankside vegetation is
made up of largely weed species (Table 1). Canopy cover was
Erosion of the

scanty in compariéon to station A, and A

1 2°
banks occurred constantly with considergble loss of cultivated
land in some places over the study period. As a result, highly

unstable silt and mud banks build up in depositional areas.

2.8.,4, Station qu

It is located on the upper region of thé Pengtung
stream (Fig., 7a). Stream bottom was marked by eroded rock bed,
Substrates were predominantly small boulders of different
dimension, organic deposits ani sands. Emergent vegetation on
the shallow areas includes Wolffia sp., Myriphvllum, nggg SPe
and Ranunculus sp. (Table 2). Various mosses and liver wort
thrive on the rock bed and boulders (Table 2). The extreme
upper part had less oanopy cover and the marginal vegetation
includes trees, shrubs and.grasses of different varieties
(Table 1).
2e8e5. Statiqn B2:

It is located on the middle region of the Pongtung



Fig, 7¢ Photographs showing the sampling si’bes, Pongtung
stream during early summer,
A : Station B,]
B ¢ Station B2
C ¢ Station B3
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stream (Fig. 7b). The bottom of the stream is marked by

eroded rock bed., The substrates comprise large boulders and
sand. Both the tenk sides were thickly vegetated with trees,
shrubs and‘grasses (Table 1)+ Shrubs were predominant and they
reduce the intensity of the light over the water., The bottom
were stable over the study period. Cyanophytes often formed
thick layers on the bottom stones and made the stone surface
quite slippery. Emergent and other aquatic flora of this

station is given in the Table 2,

2.8.,6. Station B3:

It is located on the lower course of the Pongtung
stream (Fig. 7c). ‘There were outcropping of lime stone bed
rocks and the normal substrates was sand in all areas with
smali egg sized stones in the faster flowlng areas., Small
clumps of Hydrilla grew as an emergent where sufficiently
bottom condition were found in association with the bed rock,
The marginal vegetation includes mostly trees and shrubs
(Table 1). Mosses and liver wort are also found on. the boulders
and rock beds (Table 2), Considerable growth in short tufts of
Cladogphora occurred on hard substrates in the stream and some
frée‘floating filamentous forms (Spirogyra sp.)s formed mats in
slack water afeas between spates. Spouse diatoms and cynaphytes
growth occurred on the .riffle substrate., The bottom was
relatively stable in spite of its sand gravel composition as
flow was smooth with few obstrucfions to create turbulence,
Canopy cover over the stream was complete with only about 5%

available visible light reaching the water surface,



3. MATERIALS & METHODS
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347, LIMNOLOGICAL STUDY (INDIVIDUAL LEVEL):

3e1ele Physico=-chemical anaiysis:

Water samples were collected during the middle of each
month between 10 A,M, and 12 noon from January, 1979, to
December, 1980, All the samples immediately after collection
were passed through a 0.45 p filter (Crowther and Hynes, 1977)
and brought to the laboratory., Various parameters were analysed

and estimated on the same day.

In addition to the air and water temperature readings
which were measured in the field using a mercury bulb
thermometer (Misra, 1968), maximum and minimum air temperature,
‘ relative humidity, rainfall and wind velocity of the area under
consideration were collected regularly from the local

metereblogical station during January 1979 to December, 1980,

. Turbidity was measured as fhe percentage of total
suspended matters, tranSparenCy by a Secchi disc (Welsh; 1948)
and the rate of water flow by using a metretape, stop watch
and a simple cork (Leitritz, 1959), pH and conductivity were
measured with the use of a Toshniwal pH meter (Model CAT, CL,

~43) and Elico conductivity bridge (Type CM=82) respectively.

Dissolved oxygen was estimated by employing Winkler's
method (APHA, 1965), Carbon dioxide by phenolphthalein - N/44
NaOH and total alkalinity using the standard method (APHA, 1965) o

Nitrate Nitrogen.by Phenol di-sulphonic acid and ammonia
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nitrogen by Nessler's reagent (Mackereth, 1963), Phosphate=-
phosphorous by Stamnous chloride and molyhblate méthod, and
chloride by mercuric nitrate titration technique (APHA, 1965),
Calcium and Magnesium were estimated by Spectrophotometrically,
sodium and potassium by Flamephotometry, oxidizable organic
matter by permanganate method, silicate by silico~molybdate
method and.total.iron were estimated by using the method after

Mackereth (1963).

3¢1.2. Phyto- and Zooplankton:

At each station, triplicate samples were collected
monthly for a period of two years (January 1979 - December,
1980) by filtering é volume of 50 litres of water through a
silk net of mesh size 25 p. This was made to 50 ml and .
preserved by Lugol's iodine and were counted by Sedgwick rafter
plarikton counting cell after the method employed by Utermohl
(1958) for all the organism present at random in 100 squares.
The generic identification of phyto- and zooplanton was done
~ with the help of the guideline after Smith (1950), Pennak (1953)ﬂ.
Edmondson (1959) and Needham and Needham (1962). The counts
were done in triplicate for each replicate of monthly sample,
and an average count was recorded. The computation for the
}numbers of phyto- and zooplankton per litre at different
stations of the stream was done by using the formula

a. 1000

l’l=( : )C.C
1
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#®

where, n = number of plankton/l of original water.

average number of plankton in all counts in

[0
L]

Sedgwick rafter cell.

vol. of original concentration in ml,

o]
]

[
it

vol, of original water expressed in litre,

The data were presented in terms of their percentage

composition of the respective planktonic group.

3¢1¢3. Benthic organisms:

Animals were collected monthly for two years
(January 1979 - December 1980) using a deep net of 135 M mesh
in a modified Kick sampling method (Williams and Hynes, 1976).
This involved walking upstream while disturbing the substrate
with the feet sSo that the dislodged animals were swept (by
the current) into the net. By keeping the distances walked
upstream constant, the sampling method was reasonably standard,
In addition, other samples were taken from in and around | |
aquatic vegetation in order to collect the more sparsely
distributed and shy forms. The animal colleéted were fixed in
5% formalin and the result obtained after counting the
different groups were presented as their percentage composition.
The generic identification was doné with the help of the guide
line given aftef Pennak (1953), Edmondson (1959) and Needhan
and Needham (1962) . | |
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3.1e4s Vertebrate fauna:

The sources of material were the f{isherman's catches.
The collected materials were fixed in 10% formalin and stored
in 70% ethanol (Williams and Coad, 1979). Preserved fishes
were identified using the keys in Dey'(1878), Hora (1951),
Hubbs and Lagler (1964); Scott and Crossman (1973).

3.2 PRAWN POPULATION STUDY:

The monthly collection of the prawns for the purpose
of their relative abundance were made for two years (January
1979 to December 1980) following the methods adopted by
Truesdale and Mermilliod (1979) with certain modification
because of their habitat difference., A seine hand net
measuring 1.0 m x 1.0 m x 3,2 mm (mesh) hardware cloth was
.fixed to a square frame made of wrought iron with its mouth
facing the current and unit area of substratum consisting of
gravel, pebbles, boﬁlders etc; were disturbed thoroughly so
that the dislodged prawns were swept (by the current) into the
placed net. A number of such sub-samples were taken from
different areas under one of the sampling study site and
comprise one population sample. Xn shallow stony beds, this
method was found to be suitable. The samples collected were
then fixed in 5% formalin and brought to the laborétory._ If
in each sample contained more than 50 prawns, at least 30

randomly selected individuals were sexed and measured; berried
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(ovigerous) females were also noted.

3,3, PRAWN ECOSYSTEM STUDY:

3.3.1, ACCassory hebitat analysis:

" A number of depressiéns or rather !'supplementary
habitat' have been located at the nearby surroundings of both
the Umshing and Pongtung main stream. The detailed analysis
of their physico-chemical and biological properties of the
water and measurement of the depressions size have been made.
The distribution of the prawn population in terms of their

length, frequency and sex, was also noted.

3e362, Condition factor::

Individual variations from general length-weight
relationship have been studied under the general name
"condition" (Le Cren, 1951). Such changes in 'condition' have
usually been analysed by means of a condition factor of
Ponderal index, which has been calculated by using different
formulae by various workers, However, in the present study,
the ’condition'factor' has been determined by using the

following formula (Hile, 1936; Beckman, 1948):

W x 10°

K =
Lo

where K = condition factory W = weighf»Of the prawn and

L = length of the prawn under study. The number 'IO5 is a
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factor to bring the Ponderal index (XK) to near unity
(Carlander, 1970);

3e3¢3, Inter-relationship of prawn population density and

different ecological parameters:

To study thg inter<relation between prawn population
density and different ecological parameters, the standard

regression method has been employed with the formula:

Y = a + bx

where Y = population density; X = the ecological variables
such as temperature, rainfall, dissolved oxygen etc.5 a = a
constant value to be determined and b = the regression
co=efficient, The value of 'a' and 'b' were determined by the

following formula:

<XY ~-ni¥

iXZ- n (X) 2

where n = number of observations; X = mean of X and ¥ = mean

of Y,



4. RESULTS




L2

441, LIMNOLOGICAL ASPECT (INDIVIDUAL LEVEL):

Ly1,1, Physico=chemical analysis:

The present investigation includes a study of twentyone
physico~chemical factors for two years (January 1979 to

5 and 51,B2 & B3),

three each in two different streams (Umshing and Pongtung)

December 1980) at six stations (A1,A2 & A

having the altitudinal and climetic differences (Figs. 3 & &)
in them,

I, Rainfall: At both the study areas, the rainfall commenced
in early April and continued upto October (Figs. 3 & 4), However
the months of July and September experienced higher precipita-
tion (average 511 mm/day) and January almost being the rainless
periode. Rainféll intensity was greater in Pongtung area (low.
elevation, 610 m) where short, heavy downpours were characteris—
tics At Umshing areas, precipitation was more frequent, but of

lower intensity.

II, Water temperature: The water temperature showed a distinct
summer maxima and winter minima with small differences caused'by
" rain and prolonged cloudy weather but the peak and the fall were’
more prominant in Pongtung stream (Fig. 8). At .Umshing stream.
the water temperature varied from 10,0°C to 18.8°C whereas in
FYongtung, it varied from 17.0°C to 32°C. Individually, the

stations, A1,A2,A3,B1,B2 and B, had a fluctuation range of

3
'I0.0 fd 18.5009 100(’)— 18e~O°C’ 10.8 - 18.800, 18.0 - BZQOOC’

170 = 31.0°C and 17.3 = 31.5°C respectively (Fige, 8).
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111, Transparency: 1t varied to the depth of 4,0 cm to 33,0
cm. at Umshing stream and 10.0 cm to 55,0 cm in Pongtung
stream,. Station A1, AZ’ Aj, B1, B2 and B3 showed the seccidlsc
reading in the range of 5,6 « 33,0 cm, 4.2 =~ 32.0 cm, 4.0 =
31,4 ¢m, 12.0 = 55,0 cm, 10.0 = 50,5 cm and 10,2 - 52,0 cm
respectively (Fig. 9)., The maximum transparency were recorded
in the Upper‘regions (i.e., Station A1 and B1) of both the

streams,

IV. Rate of water flow: It varied from 42,2 to 94,2 cm3/sec
in Umshing and 38,2 to 84.5 cm3/sec at Pongtung stream, Station

AyshysAg,BoyB, and By had a fluctuation range of 42,2 = 88,2

3
cmj/sec, 50,4 = 90,0 cmB/sec, 52,0 = 94,2 cmB/sec, 3842 = 66,0
cm3/sec, 41,5 = 70,6 cm3/sec and 51,0 - 84,5 omB/sec

respectively (Fig. 10).

V. Turbidity: It was maximum during the rainy season in all
the stations. Comparatively, throughout the year Umshing
stream was more turbid than Pongtung stream, The station A3
experienced the maximum turbidity (96%) in July, 1979, than A_,l
while the station A, recorded the minimum of 8,5% in

2 1
November, 1980, Out of B

and A

17 B2 and B3 station B3 recorded the

maximum (80%) in July, 1979, and By, the minimum (8,0%) in

November, 1979 (Fig. 11).

VI. Dissolved Oxygen: It showed September maxima in all the

stations and fluctuated considerably throughout the year in the
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range of 7.0 = 11.5 mg/l, 7:1 = 11.7 mg/l, 7.3 = 13.8 mg/l,
6.8 = 10,6 mg/l, 6.9 - 11.2 mg/l and 7.0 - 11,0 mg/l at the
gtation Ai,AZ,A3,B1,B2 and B3 respectively (Fig. 12),

VII. Hydrogen ion concentration (pH): The pH of the water
fluctuated considerably throughout the year. At Umshing, the
pH varied from 5.7 to 7.3 but most of the months it was in
acidic range only. Cétegoricélly, Station A, varied in the

range of 5,8 = 6_09, o9 5 7 to 6 7, 6.1 to 703. But

39
comparatively, the pH of Pongtung stream water was mostly
leaning towards the alkaline range and fluctuated in the range

of 5.8 - 6,8, 6.1 to 7.2 and 6.2 to 7.5 at the station B,, B

1 72
and B3 respectively (Fig. 13).

VIIIL, Carbon dioxide: It was varying in general from 1.8 to

5.0 mg/l. The station A B and B, had a fluctuatlng

3’ 3
range of 2,4 - 5,0 mg/l, 2.6 - 4085 mg/l, 1.8 - 4,6 mg/l,

340 = 4,9 mg/l, 2,7 = 4.65 mg/l and 2.4 - 4.6 mg/l respectively
(Fig., 14)., Station A3 recorded a quité low carbon dioxide
concentration (range 1.4 to 4.6 mg/l) during its first annual

cycle,

IX, Specifib conductivity: It ranged between 34.2 -~ 6842 umho/
om, 3148 = 65,2 pmho/om, 31.8 to 65.2 amho/cm, 17.0 to 58,8
pmho/cm, 33,8 to 62.0 mmho/cm, 20.2 to 55.8 umho/cm and 19.2 to.
54,9 amho/cm at the station A ) A, AB’B B and B3 respectively
(Fig. 15). During the first annual cycle, station AB experienced
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a quite low condutivity (range, 17.0 = 52.8 umho/cm),

X, Total Alkalinity: No phenolpthelein (carbonate) alkalinity
but only methyl orange (bicarbonate) alkalinity was recorded at
Umshing stream, However, both were recorded in Pongtung streen
although former quantity was lesser than the later, Total
alkalinity varied from 15 to 32,2 mg/l, 15.2 to 34,5 mg/l, 16.2
to 48,8 mg/l, 16.2 to 38.2 mg/l, 18.4 to 46.8 mg/l and 18,6 to
48,2 mg/l at the station Agyh, ,A3, B,,B
(Fig. 16).,

5 and 33 respectively

XTI, Silicaté: Comparatively Umshing stream recorded quite
higher readings of silicate than Pongtung stream and in both,
the higher values were noted during the rainy season (June -
September)., At station Ay, 3, B B2 and B, it varied in
the range of 3.8 = 6,1 mg/l, 4.13 - 6.5 mg/l, 4435 = 7.6 mg/l,
2.1 = 3.9 mg/l, 2,5 - 4.0 mg/1l and 2,63 - 4.25 mg/l respectively

(Fig. 17).

XII. Phosphate-Phosphorous: It fluctuated in general from
O0.24 mg/l to 1,10 mg/L and had a summer maxima and winter
minima at all the stations. Phosphate-phosphorous content
varied in the range of 0,30 - 0.90 mg/l, 0.31 - 0,85 mg/l,

0.40 = 1,30 mg/l, 0.42 - 0.98 mg/l, 0.2k - 0.92 mg/l and 0.30 =
1.10 mg/l at the station A 5, 1,B and 83 respectively
(Eig. 18) . Station Az recorded the maximum phosphate

phosphorous value (1.30 mg/l) in the month of June, 1979.
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XIII. Nitrate-nitrogen: It was varying in the range of 0,24 -
0,88 mg/l in all the stations. Categorically, it ranged

0416 = 0,68 mg/l, 0.4 = 0,60 mg/l, 0.24 = 0,98 mg/l, 0,30 =
0.80 mg/l, 0,22 - 0.85 mg/l, and 0.25 - 0.88 mg/l at the
station A,,4,, 4z, B,»B, and By respectively (Fig. 19)« At the.
station A3, the nltrate-nitrogen concentration was quite high

(0e30 = 0.98 mg/l) during its first annual cycle.

XIV, Ammonia-nitrogen: It fluctuated in general from 0,05
mg/l to 0,094 mg/l. Individually, station A1,A2,A3,B1,B2,B3
recorded its fluctuation range of 0,05 - 0,081 mg/l, 0,044 =
0.085 mg/1, 0.05 = 0,094 mg/l, 0,052 - 0.09 mg/l, and 0,053 -

0.091 mgfl respectively (Fig. 20).

XV. Calcium: It was higher at all the stations of Pongtung
stream than those of Umshing stream, At the station A1,A2?A3,
B1,B2 and B3 the calcium concentration fluctuated in the range
of 2,0 = 3.0 mg/l, 2.1 - 3.2 mg/l, 2,20 - 3.89 mg/Ll, 31 = L.
mg/l, 3.5 - 4,5 mg/l and 2.20 - 3.9 mg/l respectively (Fig, 21).
Station AB’ recorded quite higher calcium value (3.0 = 3,9
mg/l) during the first annual cycle than statien A, and A,

XVI., Magnesium: Station B1’BZ and B3

magnesium concentration than station A

accounted for the higher

1,A2 and AB‘but station

A3, during its first annual cycle showed a sudden boost up

(3.0 = 3.9 mg/1). At the station Ay, A, and 4, it fluctuated

from 0.51 - 1.30 mg/l, 0.58 = ﬁ.38 ng/l and 0,84 - 2,64 mg/l
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respectively, whereas it ranged 1.0 = 2,3 mg/l, 1,20 = 2.4 mg/
1 and 1.24 - 2.8 mg/l at the station B,,B, and B3 respectively
(Fig. 22).

XVII, Chloride: It showed seasonal fluctuation in all the
stations and varied in the range of 0.4 - 1.0 mg/l, O.44 ~ 1.20
ml/1, 0.50 = 1,35 mg/l, 0.40 = 1,10 mg/l, 0.35 = 1,15 mg/l and
0,38 = 1,18 mg/l at the station Ay Ay A3, By» B, and Bs
respectively (Fig., 23).

XVIII. Solium: It showed the winter maxima and the summer
minima at all stations and fluctuated in the range of 1.6 =
3.6 mg/l, 1.68 = 3,63 mg/Ll, 1.95 = 4.0 mg/l, 1.7 = 3.3 mg/l,
2¢1 = 3,86 mg/l, and 2,3 - 3,92 mg/l at stations A1,A2,A3,B1,
B,, and By respectively (Fige 24), Sodium content at the
station A3 was higher during the first annual cycle than the

next cycle.,

XIX. Potassium: It varied from 1.6 mg/l to 4.7 mg/l at Umshing
stream and 1.7 mg/l to 4.0 mg/l at Pongtung stream. However,
at station A3 it showed comparatively higher potassium valge.
during January 1979 - December 1980, than the preceeding annual
cycle, Potassium concentration was fluctuating at stations
AqshoyAgBy,B,, and By in the range of 1.6 = 4.0 mg/l, 1.7 -
he1 mg/l, 1,90 = 4.7 mg/Ll, 1.7 ~ 3.4 mg/l, 2.4 = 3,8 mg/l and
2.5 = 4,0 mg/l respectively (Fig. 25).
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XX, Iron: Iron content did not follow any definite seasonal
pattern., It varied from 0.9 to 2.5 mg/l, 0.98 to 2.6 mg/l,
1¢1 = 2,7 mg/l, 0.6 to 2.0 mg/l, 0.5 to 2,05 mg/L and 0,54 to
2410 mg/l at the station Ay 4,,45,B,,B, and By respectively
(Fig, 26). |

XXI. Oxidisable Organic Matter: It was fowid higher at
Pongtung stream than at Umshing stream and revealed winter
maxima and summer minima at all the stations. At sbatiOn52A1,
AyyAz,Bq,B, and By 1t fluctuated in the range of 1.0 = 4,78
mg/l, 1.0 = 4,94 mg/l, 1,25 = 5.2 mg/l, 2,6 - 8.4 mg/l, 2.4 -
8.25 mg/l and 2.5 - 8,2 mg/l, respectively (Fig. 27).

Le142s Phyto- and Zooplanitton:

In comparison to Pongtung stream, the plankton of
Umshing stream is limited in mass and productive potential but
relatively rich in diversity. Unfortunately, no detail
diversity assessment of the natural assemblage was feasible
because of the uneven mossaic growth patterns of éertain algal
flora and severe spate and erosion factors. Usually, flood-
pools and small depressiohs in stream side boulders constitute
a special habitat for the algal growth and also supports a

considerable number of zooplankton,

Le1.2.,a, Phytoplankton:

The total ohytoplankton count showed a distinct summer

maxima and winter minima ot all stations. Based
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Table 3: Distribution of phytoplankton taxa at each stations
(#, rare; -, absent; +, present; ++, common;
+++, abundant)..

Umshing stream Pongtung stream

Taxa

A B B B

A A 1 2 3

1 2 3

nnn-.-.-.‘—--{
Eatainds SEEEL

I, MYXOPHYCEAE:
Chroococcaceae

Aphanothece sp. - + + + ++ ++ _
Gomphogphaeria sp. + + + ++ + +
Oscillatoriaceae
Lyngbya sppe. +++ +t ++ ++4 ++ ++
Pleéctonema sp. + + + + + +
Oscillatoria spp. + + + ++ -+
Schizothrix sp. + + + + + +
Nostocaceae
Anabgena SPe -+ + + ++
Nostec sp. 4t + b -+ e

+

++

Rivulariaceae
Calothrix sp. ++ 4+ + ++ ++ -+

Scytonemataceae
Tolvpothrix spp. +++ ++ + 4t + +

I1I.CHLOROPHYCEAR
Palmellaceae

Palmella sp. + + + + T4 +
Volvocaceae
Euderina sp. - -

Hydrodictyaceae
Pediastrum sp. + + + - * *

conttd,
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Taxa

Pongbtung stream-

Umshing stream

A‘2 A3

-t -t el o e el

1

.

By

By

B37

Characiaceae,
Dictyosphaerum sp.

Coclastraceae
Coelastrum sp.

Oocystaceae

Ankistrodismus SPD «

Scenedesmaceae
Actinastrium sp.

Scenedesmus SpP.
Tetrastrum sp.

Ulotrichaceae
Ulothrix spp.’

Cladophoraceae
Cladophora sp.
Oedogoniaceae
‘Oedogonium SPe
Zygnemataceae

Spirogyra spp.
Zygnema spe

Desmidiaceae
Actinotaenium sp. .
Cosmarium sppe
Closterium spp.
Micrasterias sp.
Staureastrum spe.

Mesotaeniaceae
Netrium sp.

++

+ + 4+ o+ o+

++ ++

++ ++

++ ++

++ +++
++

++

4+ +++

++

++

++

+++

+ + + + o+

+++

+++

+o

e

44
++

Con't' d.

++

+++

+

4+

+++

+++

e+
++

+++
4+
++
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Unshing ‘stream E Pongtung stream
. : ——

A1 AZ A3 B1 B2 B3

Taxa

1 L'-—'--DQQ—

III, DINOPHYCEAE:

Gymnadiniaceae

Gymnodinium sp. + + + ++ e ++
Peridiniaceae

Peridinium sp. + + + + + +

- IV, CHRYSOPHYCEAE:

Synuraceae

Synura spe + + + + + +
Glaebotrydiaceae
Chilorobotrys spe. + + + - - - -

Ochromonadacese

Qchromonas spe + + ++ ++ ++ ++
Dinobryon sp. + + + + + ++
Pleurochloridaceae

Botrydiopsis sp. + + + - - -

Rhizochrysidéceae

Bitrichia sp. + + + C - - -

Chrysidiastrum sp. + + + - - -

Mallomonadaceae _
Mallomonas sppe + + ++ 4+ ++ ++

V., RHODOPHYCEAE:
Achrochaetiaceae ,
Aydoninella sp. ++ + + + * *

Batrachospermaceae
Batrachogpermun Spe. + + + * - -

Lamaneaceae
Lamanea sp. ++ + + + + +
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Unshing stream Pongtung -stream
Taxa . >
A1 'AZ A3 B1 2 B3
VI. BACCILLARIOPHYCEAE:

Coscinodiscaceae

Melosira spp. +tt ++ +++ + ++ R
Cyclotella sp. + o+ + - - ¥
Achnanthaceae

Achnanthes spp. +++ L5 I S +++ e bt
Cymbellaceae

Cymbella spp. + + + + o+ ++
Amphora spe. + + + + + ++
Naviculaceae ? -

Navicula spp. +++ ++ +++ ++ ++ ++
Neidium sp. - - * + + 4
Prugtulia spp. ' + + + ++ ++ ++
Pinularia spp. ++ + ++ ++ ++ ++
Nitzschiaceae

Nitzschia sp. + o+ +4 + + +
Hantzechia sp. ' - - * * + +
dephonemaceae

Gomphonema sp. +H+ ++ +++ b o+t
Surirellaceae _

Surirella spp. + + e ++ 4 +F
Ffagillariaceae

Fragillaria sppe. +++ +4++ +++ +++ At +++
Tabellaria spp. 4+ ++ ++ ++ + ¥
Synedra sppe ++ + +++ * +4+ ++

Diatoma sp. + o+ + * + +
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on their occurrence, the total phytoplankton was studied in
detail into six categories viz, Myxophyceae, Chlorophyceae,
Dinophyceae, Chrysophyceae, Rhodophyceae and Baccillariophyceae.,
In Table 3, the occurrence of each taxa per subscommunity per
station 1s given. Most notable was the dominance of the
epilithic flora of Myxophyta, Baccilariophyta and Rhodophyta

in Umshing stream and the dominance of epipelic flora of

Chlorophyta, Dinophyta and Chrysophyta in Pongtung stream.

I. Myxophyceae: Myxophyceae occurred at all stations through-
out the year with certain seasonal variation in terms of their

percentage composition. At station A1, Az! AB’ Myxophyta

contributed 5.0 to 17,5%, 7.0 to 19.0% and 7.0 to 20,0% whereas

at station 81, BZ and BB’

to 18,0% and 6.0 to 17.0% respectively towards their total

they contributed 6.0 to 18,58%, 5,0

phytoplankton composition (Figs. 28 & 29). The Myxophyte
flora was surprisingly rich in the upper zone (station A1 and
Bﬁ) of both the streams with Lyngbva sp., Nostoc sp., Calgthrix

sp. and Tolypothrix dominating the macroscopic assemblage

{Table 3).

1, Chlorophyceae: This group was available throughout the

year and exhibitéd two peaks, one in May and other in October
and had a winter fall in all the stations, At station A1,A2
and AB’ Chlorophyceae comprises 25.0 to 50.0%. 30.4 to 48.0%,

1 72
35.4 to 65.25%, 36.0 to &0.0% and 38.0 to 60.,0% of the total

and 28,0 to 46,0% while the station B,, B, and B3 comprise
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phytoplankton respectively (Figs. 28 & 29), The epipelic
flora at the station A1 and B1 was scarce, Occasionally,
Spirogyra developed small mats on muddy banks or sometimes on

the boulders and rocky beds, The dominant chlorphytes include

Spirogyra spp., Ulothrix>spp. Cedogonium sp., Cladosphora sp.,

Ankistrodesmus spp., Closterium spp., Cosmarium spp. (Table 3).

III, Dinophyceae: This group showed the spring maxima and

winter minima at all the stationé. Dinophyceae represented

only two genera viz., Gymnodinium and Peridinium, former being

the more abundant type than the latter (Table 3). Dinophyceae
contributed 0.3 to 2,0%, 0.3 to 2.7%, 0.2 t0 3.5%, 0.5 to 4.s1%,

A ,A,.B,,B, and B

P23 12 3
toward the total phytoplankton composition respectively

0eD to 4,3% and 0.5 to 4.2% in station A
(Figs, 28 & 29). -

IV, Chrysophyceae: This'groﬁp occurred throughout the year
with summer maxima aﬁd winter minima in Pongtung stream., But'
in Umshing stream no chrysophytes were noted during January-
April, However, a summer maxima was recorded. At the statibn
A1, AZ’ A3, 81, 32 and B3 Chrysophyceae comprisés 0.5 to 3.1%,
0.5 to 3.7%, 0.6 to 4.5%, 4.0 to 11.66%, 4.5 to 10.2% and 4.5
of the totél phyto~

to 9.2% at statior Aq,Az,A B1,B2 and B

3? 3
plankton (Figs. 28 & 29) respectively., Out of eight recorded-

genera of chrysophytes, Ochrqmonas and Mallomonas were the

dominant type (Table 3).
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Ve Rhodéphyoeae: This group showed their occurrence, only in
spring and contributed 0,2 to 1.82%, O.4 to 2.1%, O.4 to 2.0%,
0.5 to 3.6%, 0.5 to 3.2% and 0.8 to 3.,5% at station A
B,sB

1’ A2’ AB,

and B, toward the total phytoplankton composition

2 3 ,
respectively (Fig. 28 & 29). Audonivella sp. was the only

pre=dominant type in both the streams (Table 3), .

. VI, Baccillariophyceae: Baccillariophyceae occurred at‘all
stations throughout the year with certain seasonal fluctuation.

At station A1,A cand AB’ Bacecillariophyceae contributed 40.17%

2
to 61.9%, 36.2 to 56.3%, 35.0 - 57.3% and in statior By, B,
and By it contributed 16.3 to 46,0%, 21.2 to 42.6% and 20.2 to
L2,7% toward its total phytoplankton composition (Figs. 28 &
"29) respecfively. Out of seventeen genera noted, Melosira,

- Achnanthes, Navicula, Pinularia,‘Gomphonema, Surirella and

Fragellaria were the most dominant types (Table 3).

hels2.b. Zooplankton:

In association with the algae, considerable numbers of
m;cro-coﬁsumers, i.e. Zooplénkton were recorded. The total
zooplankton cbunt«showedra distinct summer  maxima and winter
min%mg (Figs. 30 & 31), Based on their occurrenbe, the total
zoppianktonawas studied in" detail into five catégéries, Viz,
’Proéozoa; Rgtifera? Ostracoda, Copepoda and'Cladoqera; In
table 4, the distribution of each taxa per sub-comuunity per

station is given, Protozoans were- the most dominant groupy:



Table 4: Distribution of Zooplankton at each station (¥, rare;
~, absent; +, present; ++, common; +++, abundant).

Umshing stream

Ay b3

Pongtung stream

Taxa
B1 B2 BB.

N

be-o---—--o.-ﬁ
[ «o o <o calpes 0 =0 o}

I. PROTOZOA _
Actinolophidae

Actinolophus spe. + + + ++ 4 +
Macrogromiidae ‘

Actinospherium sp. * * * + + +
Didiniidae '

-Didinium sp. * * * + + +
Podophryidae

Podophrys sp. ¥ * * +

Parmecium sp. + + +

+
Uorticelia SDe + + + +

Paulinellidae

Euglypha sp. ++ + ++ o+
Lecythium sp. + + + N
racheleuglvpha spe. + + + +

Centropyxidae
Centropyxis spa + + + +++ ++ o+t

Diffupia sp- + + + ++ ++ ++

+ + +
+ +

+ + +
+ 4+ +

II, ROTIFERA:

Brachionidae
Brachionus sp. * ¥ * .+ + +
Keratella sp. * + + ++ ++ ++

Egipﬁsnesksp. - - - * G
Asplanchionidae

Agplanchua spe. * ¥ 3 + + +
Synchaetidae

Synchaeta sp. * * * #* * *

PQEyarthra SDe % * * * + +
Lacanidae

Lacane sp. ¥ * 3 * + +

Trichaercidae
Trichocerea sp. - - - - -

Testudinellidae
Testudinella sp. * * * * + +

cont'd,
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Taxa

SR

Pongtung stream

Umshing stream
—

Aq A5 3

S— r-.-oo.-

B1 B2 B3

III, OSTRACODA:
Cypridae
Cyprig spp.
IV, COPEPODA:
Cyclopidae
Cyclops sppe
V, CLADOCERA:
Moinidae
Moina spe.
Daphnidae
Daphnia sp.

Simocephalus sp. .

Bosminidae
Bosmina sp.

Chydoridae
Acroperus 'spe
h!doles SDe

* +
*
x +

*x 1
X
*
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I:. Protozoa: Protozoans were recorded in all stations
throughout the year with certain seasonal variation in terms

of their percentage compostion. In stations Aq,A and A

2 3!
these group contributed 22,0 to 58,33%, 20.0 to 52,0% and 22.0

to 50,0% whereas in station B1,B and B,, contributed 34,0 to

2 3*
62.5%, 34,0 to 52.0% and 38,0 to 52,0% respectively towards its
total zooplahkton composition (Figs. 30 & 31). Protozoans were
comparatively richer in the upper zone (station A, and B1) of
both the streams than in the lower zone. The dominant
protozoans were Actinolophus spe., Euglypha sp., Centrcpyxis sﬁz.
and Diffugia spe (Table 4)., o

Il. Rotifera: This group was available throughout the year
and exhibited spring maxima and winter minima. At the station
and A

A,, A Rotifera comprises 5.0 to 25.0%, 1.0 to 25,0%

1?7 2 3?
and 1.0 to 22,0% while the stations B1,32 and 55 comprise 14,58
to 27.69%, 15.0 to 30.0% and 15.0 to 28.0% of the total
zooplankton (Figs. 30 & 31), In comparison to Umshing stream,
the percentage composition bf rotifera was always higher in

Pangtung stream and, Asplancha sp,, Keratella sp., Brachionus
sp. were the dominant type (Table 4). ‘

III. Ostracoda: This gréup occurred throughout the year with
certain seasonal variation in terms of their percentage
composition, prggg spp. represented the single genus at all ~
the stations and contributed 13.0 to 25.,0%, 10.C to 25.0%,

10,0 to 24,6%, 2.36 to 10.0%, 2.0 to 7.2% and 3.0 to 7.0% at
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gtations A 3, B and B3 respectively towards. the total
zooplankton compasmtion (Figs. 30 & 31),

IV. Copepoda: This group was recorded throughout the year
with summer maxima and winter minima. Coﬁepoda contributed
5456 to 22,0%, 6,0 to 24,0%, 6.0 to 24.2%, 5.71 to 28.69%, 4.5
to 25,0% and 4.0 to 25,0% at the stations Ay Ay Az By,B, and
B5 respectively toward the total zooplanktonrcomp051tlon
(Figs. 30 & 31). Surprisingly, Cyclops was the single genus,
representing the whole group (Table 4).

V. Cladocera: Cladocera occurred at all the stations
‘throughout the year with certain seasonal fluctuation, Out of
the six genera recorded, Moina sp. and Daphnia sp. were the
dominant type (Table 4), At the stations A, 5, B and
B3, cladocera comprises 4,54 to 30.8%, 5.0 to 33.0%, 5.0 to
37.0%, 5.17 to 25.0%, 4,2 to 28.0% and 2.0 to 25.5% respective-
ly of the total zooplankton composition (Figs. 30 & 31).

4.1;3. Benthic organisms:

Pangtung stream supports a quite large number of
benthic organisms throughout the year althoﬁghvfhere'exists,
in a certain range, the seasonal fluctuation too. The benthic
fauna of Umshing streém on the other hand, is limited in mass
and productive potential, bUt relatively rich in diversity.

The benthic organism count showed, in general, a summer maxima
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Table 5: Distribution of benthic organism at each station
(¥, rare; -, absent; +, present; ++, common; +++,
abundant) . '

T \1 A. - " o
! Umshing stream | Pongtung stream.
Taxa } —— . —
! ! B B:
Ph Ay A5 By By By
I. NEMATODA:
Aphelenchoidae
Labronema sp. + + ++ +++ ot +++
theienchoides SDe * * 7 + + +
Bastianudae
Bastiania sp. * * + + + +
Diplogasteridae
Diplogaster sp. + + + + ++ ++
Plectidae ,
Rl.labdolaimgjs_ SPe * * * + + +
Anonchus sp. . * * * + + +
hronogaster sp. + + + ++ ++ +++
Triplylidae
Alaimus sp. * * * - - -
Trilobus SP. ¥* * + * + +
Dorylaimidae
Actinolaimus sp. * ¥ + * + +
Dorvlaimus sp. * * + + + +
II. OLIGOCHAETA:
Naididae
Aulophorus sp. * * * * * 3
Pristina sp. * * * * * *
Cnaefogaster SDe + + + + + +
Branchiodrilus spe. + + + * 3 +
lonais sp. * * * * % 3
Tubificidae
Limnodrilus sp. + + + * i *
Bothrioneurum spe. * * * + +
Megascolecidae
Eukerria sp. - - - * * #
Dhorati %* * *

Pheretima SP o ++ ++ +

cont'd,
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v Unshing stream | Pongtung stream
Taxa i > - "
R Az1 B9 By 3
III, DECAPODA: '
Palaemonidae
Macrobrachium hendersoni ++ ++ ++ - - -
hender soni
M. hendersoni cacharensis - - - bt bt 4+
M. dayanum * * * - - -
M. agsamensis - - - ® * *
Potamonidae
Potamon sp. * * *  #* %* #*
~aratelphusa spp. : + + + o+t 44 ++
IV, INSECTA:
Collembola
Poduroidae (unidentified  * * + ¥ * *
type)
Orthoptera
Epilampridae(unidentified #* * + % % %
type)
Meghaloptera
Corydalidae (unidentified # * + * * *
type) -
Ephemeroptera
Baetidae
Baetis spp. ++ ++ ++ o+ + +
Pseudocloen SPD. * * * o+ + +
Caénidae
Caenis spp. + + + o+ + +
Ephemerellidae
Ephemerella spp. - - * % * *
Odonata: A
Protoneuridae
Prodagineura sppe + * * * . 3 %
Chlorocyphidae
Rhinocypha spp. + * ¥* - - -
Gomphidae ‘
Gomphidia sp.. * * * - - -
Microgomghug SPe * * * ¥ - -
Meghalogomphus sp. * * * % * -

cont'd,
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Taxa

I

v

Unshing stream

Pohgtung stream

A

B1 32 ‘ B3

Corduliidae

Macromia sppe.

Libellulidae

Qrthetrum sp.
Onchothemia sp.

Plecoptera

Nemouridae

Amphinemura sp.
Nemoura SPe

Perlidae

Neoperla sp.
ETrocorema SPe

Hemipetra

Hydrometridae

derometra SPe
Valiidase

Rhagovelia sp,.
fMicrovelia SDe
Gerridée
Limnometra sp.
Metrocoris Sp.,

Corixidaé
Micronecta sp.
Nepidae -
Ranatra sp.
Trichoptera
Psychomiudae
Psychomyia sp.
Ecnomus sppe.
Philopotamidae
Chrimarra spp.
Rhyacophilidae
Rhyascophila sp.

Leptoceridae
Leptocella sp.
ecetls spp.

Adicella spp.

I
)
+1

+ 3
+
+

* +

4t + +

R
¥ %k
% %

++ ++ ++
++ + +

+
* +
*

* +
* 4
* 4

~ cont'd.
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‘Pongtung stream

B1 'BZ BB'

Umshing stream

Taxa

.
—

bg>
k3>

R
TN SN

Coleoptera ,
Dytiscidae :
Hydrovatus sp. : ¥ * * + + +
Gyrinidae
Orectoghilus sp. * oo F
P sephenidae | \
Psephenoides sp. * #

Psephenus SPe * * * + +
Hydrophilidae

Amphiops sp. * '
A aa—— .

Diptera : \
Chironomidae ‘
CMmmms@@
LNV Larsus SPP«
Pentaneura spp.
Simuliidae
Simulium spp. #* * * + + +
Tipulidae :
Hexatoma sp. * % * + + +
Limonia sp. * * * + + +

* % %
* %k %
* ¥ +
k %k %k
*
k X %

V. GASTROPODA:

Ampullaridae
Pila spp. + o+ + +
_ Thiaridae :
Thiaria sp. * * * *
elanoides sp. * * * *

Lymnaeidae
Lymnea sp. * * * + + *

VI. MISCELLANEOUS:.
Bryoczoa:
Victorellidae B
Pottisiell sp., ¥ * * * * *®

Plumatellidae v :
Plumatella sp. - * o % * * *

+
+

k %k
* k




Unshing stream Pongtung stream

Taxa ’
A A A B‘I B2. B3

1 2 3

--__w~_-_
T

Hydroidea

Hydra sp. - - * * - -
Turbelléria

Planariidae

Dugegia sp. - - * -

Hirudinea
Glogsiphonidae
Glosgiphania sp. * * * * * *
Helobdella sp. - - * * * *
Erpobdellidae
Barbroonia sp. - - - * * *

Heggobdelloidea SPe - - - * * ¥

Acarina
Torrenticolidae

Hydrachnellid sp. * * + -
[ydracarina sp. * #* + - - -




and winter minima (Figs. 32 & 33)., Based on their occurrence,
the benthic organisms were categorised into six grouwps viz,
Nematoda, Oligochaefa, Decapoda, Insecta, Gastropoda and
miscellaneous group, In Table 5, the distribution of each taxa

per sub-community per station is given.

I, Nematoda: Nematoda occurred at all stations throughout the
year with certain seasonal variation in terms of their
percentage composition (Figs. 32 & 33). At the station 4,4,

~and A, Nematoda contributed 5,88 to 24.,0%, 10,0 to 25.0% and

. 3!
10,0 to 24,0% whereas at stations B,,B, and B3, its population
contributed 11.11 to 30,0%, 52.0 to 32.0% and 14,0 to 30 2%
toward its total benthic composition respectively., In compari=-
son to Umshing stream, Nematod population was higher in the
Pongtung stream and mostly present along the bottom substrates

of the forest leaf fall and other decidua. Labronema SD ey

Diplogaster and Chronogaster sp. represented the most

abundant type (Table 5),

1I, Oligochaeta: This group was absent during the winter and
early spring and exhibited their peak availability during July
at all stations. At the stations Ay hsyA

B,»By and By the

3? 3
oligochaetes population comprise 2.7 to 16.,0%, 5.0 to 17.0%,
440 to 18.0%, 4,0 to 13.0%, 4.0 to 19.0% and 4.0 to 18.0% of
the total benthic composition reépectively (Figs. 32 & 33),
Out bf the ten genera of oligbchaetes recorded (Takle 5 ),

Branchiodrilus sp. and Limnodrilus sp. were the most dominant
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type in Umshing stream whereas Pheretima sp. and Stylaria sp.

in Pongtung stream and Chagtogaster sp. being the commonly

dominant type (Table 5) in both the streams,

ITI, Decapoda: Decapoda were available throughout the year

at all stations with summer maxima and winter minima., Prawns
and crabs were the two types of Decapoda recorded (Table 5)

and prawng of the genus, Macrobrachium sp: being the most
abundant forms in both the streams, At the stations A1, AZ’ A3?
B,y B, and B3, the decapod population contributed 17,0 to

30, 24%, 17.0 to 29.0%, 16,0 to 28,0%, 19.0 to 30,0%, 19.5 to
31.0%, 20,6 tb 33,0% towards the total benthic composition

respectively (Figs. 32 & 33),

IV, Insecta: This group occurred at all stations and
exhibited Autumn and winter maxima, and spring and summer
minima in terms of their total benthic composition. At the

stations A1,A2,A3,31,B and BB’ insec? populationvcomprises

2
25,81 to 58,82%, 21.0 to 51,0%, 26,0 to 56.0%, 23.51 to 55.86%,
13.0 to 54,0% and 11.8 to 55,0% of the total benthos respectie-
1y (Figs, 32 & 33), Out of insect group, Ephemeropfera,
Plecoptera, Trichoptera and Diptera were the dominant orders

in both the streams. But, at Umshing stream Hemipteran also

posed to be important insect population (Table 5).

V. Gastropoda: This group was not recorded at all, in the
mbnths of Janu~ary and February but in rest of the months, the

Gastropod population fluctuated tc a considerable extent



83

(Figs. 32 & 33). At the stations A, 4, 43,B,,B, and By, the
gastropod population contributed 2.0 to 16.13%, 2.0 to 15.0%,
3,0 to 12.0%, 2.0 to 8.5%, 1.0 to 8.0% and 2.0 to 8.,0% toward
the total benthic composition respectively. At the station Az,
GaStFOPods were rather frequent and Pila was the single genus
found to be present at all stations (Table 5).

VI. Miscellaneous Group: Bryozoans, Hydroideans, Tuberlla-
rians, Hirudineans and Acarineans noted not even periodically
rather occassionally were categorised into miscellaneous group.
Theyrepresented their populations almost throughout the year at
least with a single sub-group and also contributed 4.0 to 12.5%,
4,0 to 15.0, 4.0 to 17.0%, 4,0 to 16.,0% and 3.2 to 12.0% toward
the total benthic composition at the stations A A A3,B B

and BB'respectively (Figs. 32 & 33). Two types of aquatic mltes
were recorded regularly at the station AB' The faunal
-composition and distribution of the miscellaneous group 1is

given in the table 5.

Lo1.4s Vertebrate fauna:

Frogs and fishes together comprise the recorded
vertebrate fauna in both the stream. Pongtung stream
comparatively supported a larger mumber of tadpole population
(Rana spp.) during the rainy summer, On the other hand Umshing
stream had relatively a larger number of fish population
throughout the y=ar. The distribution of the recorded verte-

brate fauna in each station is given in Table 6.
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Table 6: Distribution of_Vertebrate fauna at each station
(*, rare; -, absent; +, present; ++, common;
+++, abundant),

{7 Umshing stream ‘E Pongtung stream
raxa i A A A i B B B
B I 2 51 2 >,
AMPHIBIA: | i
Ranidae , A ‘
.Rana spp. + + o+ 4+ ++ ++
PTSCES:
Cyprinidae:
Danio dangila - * * + ++ et
D. danio - * * ++
Garra lissorhynchus ++ ++ o - -
G. gotyla + + + - - -
G annadelei ++ ++ ++ - - -
Acrossocheilus sp. * * + - * *
Puntius sp. * * * * +
Channidae
Channa gachua * * * - + #*
C. striata * + + - + +
C, stuwartii * + + - + +
C. orientalis * * + - - *
Siluridae
Silurichthys sp. * o % + * + +
Clariidae
Clarias batrachus * * . %

Clarias sp. . + + + .
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Ly2, PRAWN POPULATION STUDY:

42,1, Seasonal fluctuations:

Macrobrachium hendersoni hendersoni (de Man) and

Macrobrachium hendersoni cacharensis (Tiwari) were commonly

aVailable in Umshing and Pongtung stream respectively. The
population of both exhibited seasonal fluctuations in terms
of their density and the maximum density being in the rainy
summers and minimum in rainless winter, In comparison to

M, hendersoni hendersoni, the population density of

M, hendersoni cacharensig was higher throughout the study

period.

M, HENDERSONI HENDERSONI

During the first annual cycle (January, 1979 =

December, 1979) the catches of M. hendersoni hendersoni
exhibited the maximum density of 64/m2, 67/m2 and 41/m2 in
the month of September and minimum of 14/m2 in December,
419/m2.in fpril and 65/m2 in March while during the next
énnual cycle again in September showed the maximum of 7O/m2,
65/m2 and 67/m2. But the minimum of 19/m2 and 20/m2, both
in January, and 22/m2 in February and December were recorded

at the stations A,, A, and A; respectively (Figs. 34=36).

M., HENDERSONI CACHARENSIS

The catches of M. hendersoni cacharensis exhibited the

maximun population density of 78/m2 and 87/m2 both in September



86

and 104/m2 in August of the first annual cycle studlied while
80/m2, 89/m2 both also in September and 102/m2 in August during
the next annual cycle at stations B1, B2 and B3 respeotiVely.
The minimum density at all these stations was observed in the

month of January (Figs. 37=39).

L,2.,2, Sex ratio:

Both Umshing and Pongtung stream sites were dominated
by males over the female members of M, hendersoni hendersoni

and M, hendersoni cacharensis (Figs., 34=39) in terms of their

population densities.

Le2.3, Length frequency distribution:

~;Length frequency distribution reveals the extent of
structural and functional dynamicity of the prawn population
and is closely associated with the breeding behaviour, All
recorded data pertaining to length measuremen£ falls under six
categories viz. 20,0 - 30,0 mm, 30.1 ~ 40,0 mm, 40.1 - 50,0 mm,
50,1 = 60,0 mm, 60,1 - 70.0 mm and 70;1 - 80,0 mm, However, in
Pongtungstfeam, prawns of size group 70,1 - 80,0 mm was
completely absent., Males were dominant among all these size

groups and also at all the sites under study.

M, HENDERSONI HENDERSONI

Among this population, female of the size groups 20,0 =

40,1 mm constitutes the juvenile group or rather pre-breeding
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group; 40,1 = 60,0 mm ~- actively breeding group and 60,1 =
80,0 mm being the post breeding group, The ovigerous (berried)
female siie ranged between 40,1 - 60,0 mm and the density
fluctuated during the period of early April to late September
only; The young population of size group 20,0 = 30,1 mm were
absent during March to May and the maximum availability was
noted in later summer in both the annual cycles studied

(Figs. 34=36). However, size group 31.0 = 40,1 mm was recorded
throughout the year with their maximum abundance during the
late sdmmer and early winter and the minima were noted during
carly summer at all the sites under study. .The principal
breeding population (size group, 40,1 - 60,0 mm) was present
throughout the year with their maxima during spring and early
summer, The prawn catch in the month of May - June recorded
the maximum berried female and the minimum usually being in
Augusf-September. The post breeding population (60.1 - 80,0 mm)
also fluctuated considerably *throughout the yeér.

At Station A1: The population under size group 20.0 = 30,1 mm
exhibited the peak (34.0%) in térms of their relative densities
in September 1979, The size group 30.%1 -~ 40,0 mm showed their
maximum relative density (30.0%) in October 1979 and minimum
(5.9%) in June 1980. The peak relative densities for the size
groups 40.1 - 50,0 mm (38.0%) and 50.1 - 60.0 mm (31.8%) were
noted both in A4pril, 1979 and the fall being 12,9% and 13,3% in
the month of October and January, 1979 respectivély. The

maximum ovigerous (16.0%) population was recorded in Jﬁne 1980
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(Fig. 34)s The size group 60,1 - 70,0 mm and 70,1 = 80, O mm
exhibited their peaks (20.0% and 25.,0%) in terms of relative
densities in the month of January 1979 and August 1980
respectively., However, in both the groups, the fall (3.1%)

was noted in September, 1979 (Eig. 34), '

At Station A2: The population under size group 20,0 = 30,0 mm
exhibited the peak (37.3%) in terms of their relative densities
in September 1979. The maximum of 30,0% was noted in January
1980 for the size grouwp 30.1 - 40,0 mm and minimum of 8,.,7% in
May 1979 (Fig. 35). The size groups 40.1 = 50,0 mm and 50.1 =
60,0 mm showed their maximum relative densities (40.0% and
30,0%) in May 1979 and March, 1980 while the minimum (12.0% and
8.0%) being in the month of September and January 1979
reSﬁectively. The maximum ovigerous population (21.0%) was
noted in May 1979 (Fig. 35). The peak relative densities for
the size groups 60.1 = 70,0 mm and 70.1 - 80,0 mm recorded
21.9% and 26;7% in the month of June 1979 and May 1980 while
the minimum were 6.6% and 5.0% in the month of May 1979 and
June 1980 respectively.

At Station A3: In comparisonto Station A1 and AZ’

population density throughout the two annual cycles under all

the overall

size groups were lesser at station A3. The size group 20,0 -
30,0 mm exhibited the peak (30.0%) in terms of their relative
densities in October 1980, A maximum of 40.0% and minimum of

,'9.1% were noted for the size group 30.1 - 40.0 mm in the month
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of December, and April 1979 respectively. The maximum relative
density of ovigerous population was 25.0% in July 1980 and
surprisingly, no ovigerous female was recorded among June 1979
catches, The maximum relative densities for the size groups
4041 = 50.0 mm and 50,1 -~ 60,0 mm was 41,9% and 54.5% in the
month of April 1980 and 1979 respectively (Fig., 36). The
catches of February 1979 revealed complete absence of the prawn
population under 40,1 - 50,0 mm size group. Howe&er, size
group 50,1 - 60,0 mm recorded the minimum relative density of
6.6% in November 1979. The peak values (21.4% and 27.3%) in
terms of their relative densities for the size group 60,1 =
70,0 mm and 70,1 - 80,0 mm were noted in January and April 1979
and complete absence were recorded in March and December 1979

regpectively.

. HENDERSONI CACHARENSIS

The female of M, hendersoni zacharensis, size group

20,0 - 40,0 mm constituted the juvenile population; 40,1 = 50,0
mm -~ the actively breeding group. Unlike M. hendersoni

hendersoni, this population includes ovigerous group ranging

from 40.1 to 50,0 mm only and their relative density

fluctuated during the period of early April to mid October
(Figs. 37=39). The juvenile population'under the size group
20,0 - 30,0 mm were absent in the month of April during both
the annual cycles and also at all the sites under study. They

exhibited their maximum relative densities during late summer,



The size group 30, 1~40,0 mn recorded their maxima dwring mid
summer and later winter and the minima being in the spring, The
size grouwp 40,1 - 50,0 mm exhibited in general a distinct peak
in April a gradual declining relative densities righf from
summer to autumn, The size gréup 50,1 = 60.0’ﬁm and .60,1 -
70,0 mm were abundant throughout the two annugl cycles Aand
fluctuated considerably at all the three sites under study,
However, the maxima Was noted during autumn o spring and
minima in summer, Usually male were the most dominant sex
growp but still during breeding:seasoﬁ the number of remale
members increased prbportionately to some extent.

At Station B1: Thé juvenile under size grouw 20,0 mm - 30,0 mm
recorded a distinct peak (40,0%) in terms of relative density
in September 1980 and a complete absen@e during April in both
the annual cycles., The peak (39.4%) for the size group 30,1 -
40,0 mm was recorded in chobef\1980 and a fall (6,0%) in
April 1980 (Fig. 37). The size group 40,1 - 50,0 mm exhibited
A clear peak (48,0%) and a fall of (10,0%) in November 1979,
 The ovigerous population of May 1979 recorded a maximum relative
density of 18.0% and the minimum being 1.5% in October 1980,
The size group 50,1 ~ 60,0 mm and 60,1 = 70,0 mm exhibited their
peak values 41.0% and 38,0% in April and December 1980 and the
fall 10,0% and 2,5% both being in October 1980 resgpectively.

‘At Station B,: The juvenile population under size group’20.©

o*
~ 30,0 mm recorded their peak (30,0%) in terms of their relative
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density in September 1980 and during both the annual cycles
they recorded their complete absence in the month of April
(Fig. 38)« The size group 30,1 = 40,0 mm noted their maximum
relative density of 38.0% in September 1980 and a minimum of
6.4%'in April 1979. The maximum value of 61.0% and minimum of
16.6% was recorded among the population of April 1979 and
October 1980 catches. The maximum ovigerous relative density
was noted in June 1979 and minimum of 4.1% in September 1979,
The size group 50,1 - 60,0 mm and 60.1 = 70.0 mm were noted
ﬁhroughout the two annual cycles studied and exhibited the
maximum relative densities (34.0% and 26.5%) in the month of
May 1979 and December 1979 and a minimum of 4.,0% and 4,5% in
September and August 1979 respectively.

'At Station BB: The size group 20.0 - 30.0 mm represented their
maximum relative density of 30.5% in August, 1979 and were
completely absent in the month of April for both the annual
cycles (Fig. 39). ' The peak values of 28,0% and 64,5% in the
month of March and April 1980 and the fall (6.0% and 20,0%) in
April 1979 and October 1980 respectively. The ovigerous

. population exhibited their maximum relative density in the month
of May 1980 and the minimum of 2.5% in October 1980; The size
group 50.1 - 60.0 mm and 60.1 - 70,0 mm recorded their maximum
relative densitigs of 30,0% and 24,5% in the month of October
1979 and January 1979 and minimum of 6,2% énd 7.0% in September

1980 and August 1980 respectively.
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4,3 PRAWN ECOSYSTEM STUDY:

4,3,1. Accessory habitat analysis:

It was observed that M. hendersoni hendersoni and

M. hender soni cacharensis were also occurred or rather in a
quite good numbers at the numerous depressions located at the
rearby surroundings of both Umshing and Pongtung étreams
respectively (Figfy 40). .. During\the early April, 1979
onward few large males were noted in each depression on the
border stream bed and upto five sexually ripe females (i.e.
bright yellow ovaries clearly discernible through the carapace)
could be seen either within or on the periphery of the
depressions., At the end of September 1979,these depressions
were characterised by both young and matﬁre population of
different size groups (Fig. 4%). Therefore, it was assumed that
“these depressions played some role during the 'breeding phase!
of their life cycle. Most of these depressions remained dry

during winter and spring season.

All depressions were one of the following types viz.
circular, semicircular elliptical or irregular in shape and
usually with the déepest area located in the centre. Depres-
sion sizes around Umshing stream ranged from 30.0 x 16,0 cm, to
1354 % 135.0 cm with depth generally related to afea and
ranging from 5.2 to 17.5 cm (Table‘7). Maximum ratio of
depression diameter to depth was 7.72 : 1.0 and the ratio of
the major axis to minor axis ranged from 1.0 to 2.5 (Table 7).

Depregsion sizes around Pongtung stream ranged from 50.5 x 30,0



Fig, 40: Photographs showing the accessory habitat
structure during winter, |
A ¢ Around Umshing streanm
B‘: Around Pongtung stream

Depicting the géomorphology of a typical

se

Fig, 40: C
“ habitat during winter

D : A typical habitat during rainy summer
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Table 7: Characterization data for sccessory habitst .observed .
around Umshing. Stream,

S1 Measurement data(cm) PfOportional data

* Shape - _ .
No. Ma Mi D Ma : Mi : D Ma : Mi
1. Circular 1354 135.0 17.5 7.72 ¢ 7.72 : 1.00 1,00 : 1,00
2, Circular 92.5 92,5 14.5 6.38 : 6.38 : 1.00 1,00 : 1,00
3, Elliptical 92,0 45,6 10,2 9,03 : 4,47 : 1,00 2,00 : 1.00

4, Semicircular 85,6 78,5 12,0 7.13 : 6,54 : 1,00 1.09 : 1,00
5. Semicircular 81.2 75.2 12,5 6,50 : 6,02 : 1,00 1.08 : 1,00

60 Elliptical 80.5 36.6 1100 7. 33 H 30 33 H 1.00 2.20 : 1000
Te Semiciroular 60,0 24,0 10,0 6,00 : 2,40 ¢ 1.00 2,50 : 1.00
8. Irregular 52,0 21,0 9.0 5,78 : 2,33 : 1.00 2,48 : 1,00

9. Semicircular 42,0 38,0 7.0 6,03 : 5.43 : 1,00 1.11 : 1,00
10, Elliptical 30,0 16.0 5.1 5,79 : 3.08 : 1,00 1,88 : 1,00

Ma, Major axis; Mi, Minor axis;
- D, Depth,




Table 8: Characterization data for accessory habitat. observed

around Pongtung Stream,

102

Sl. "Measurement data (cm) Proportional data
WO+ shape Ma Mi D Ma : i D e : ML
1. Circular 30,0 89,5 30.0' 3.01 ¢ 2,98 : 1.00 1.01 ¢ 1.00
2. Circular 84,0 84,0 29,5 2.85 : 2.85 : 1.00 1,00 : 1,00
3. Circular 81.0 80.5 27.5 2,96 : 2,93 ¢ 1.00 1.01 1,00
4, Irregular | 80,5 41,0 25,0 3,21 : 1,64 : 1,00 1,96 : 1.00
5. Semicircular 72,0 63,2 24,0 3,00 : 2,88 : 1,00 1,04 : 1,00
6. Elliptical 72.0 37,0 2145 3¢35 ¢ 1,72 ¢+ 1.00 1.95 ¢ 1,00
7. Semicircular 65.0 63,5 22,5 2,88 : 2,82 : 1.00 1,02 : 1,00
8. Elliptical 63.0 34,0 20,5  3.07 : 1.66 : 1.00 1.85 1.00
9. Semicircular 60,0 57,2 20,4 2.94 ¢ 2,80 ¢ 1,00 1,05 : 1,00
10, Elliptical 50,5 30,0 24,0 2,10 : 1,25 : 1.00 1.68 : 1,00

Ma, Major axigy; Mi, Minor axis;

D, Depth,
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Table 9: Physioo—chémical conditions‘6f the accessory habitat

Around Péngtung

Sé: Parameters Aroug%rggghing Stream

1. Water temperatures(°C) 1645 - 18,0 27,5 = 29,0
2. Water level (cm) 5.2 = 17.5 20,4 - 30,0
3, Transparency (cm) 5.2 = 17.5 20.4 - 30,0
4, Rate of water flow (cm3/sec.) 55.2 = 65,2 42,5 = 50,5
5. Turbidity (%) 15.0 = 25,0 15,0 = 20,0
6. pH 6.1 = 6,6 6.3 - 6.8
7. Specific conductivity (phmo/cm) 58.4 = 68.4 54,5 - 60.6
8. Dissolved oxygen (mg/i) 10.0 = 12.5 9.0 -~ 11.5
9. Carbon dioxide (mg/1l) 3.8 = 4.4 3.6 = 4o2
10. Total alkalinity (mg/1) 22,0 = 27.5 24,6 = 29,0
11, Nitrate-nitrogen (mg/1) 0.52 - 0,60 0,58 = 0,65
12, Ammonia-nitrogen (mg/1) 0,001~ 0,006 0.003- 0,009
13. Phosphate-phosphorous (mg/1) 0.70 - 0.86 0,75 = 0490
14, Chloride (mg/1) 0,60 - 0,65 0,63 = 0.69
15. Calcium (mg/1) 2.5 = 3.5 3.0 == 4,0
16, Magnesium (mg/1) 0,90 - 1,10 1.00 = 1,50
17. Sodium (mg/1) 1.60 - 2,20 1.70 = 2.50
18. Potassium (mg/1) 1,00 - 1.50 1,00 = 1,80
19, Silicate (mg/1) 4,20 - 5,00 3,50 = 4,00
20. Iron (mg/1) 0,90 - 1.30 0,60 = 1.00
21. Oxidisable organic matter (mg/l) 0,04 = 0.09 0,09 = 0,12
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Table 10: Biotic Compogition of the accessory .habitat
(*, rare; -, absent; +, present; ++, common;
+++, abundant).

~ Biotic group Umshing site Pongbung site

A, Total phytoplankton + ++
1 Myxophyceae + +
2. Chlorophyceae + ++
3+ Dinophyceae * +
4, Chrysophycaae +
5. Rhodophyceae ‘ - T -
6. Baccillariophyceae" ++ ++

B, Total zooplankton + +
1« Protozoa + +
2. PRotifera * +
3. Ostracoda + *
4, Copepoda * +
5. Cladocera * +

C. Total benthic organism + +
1. Nematoda +
2, Oligochaeta + C ot
3« Decapoda _ ++ et
5, Insecta + +
5. Gastropoda - -

6. Miscellaneous \ * *
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cm to Q0.0"x 89,5 cm with depth ranging from 20.4 to 30,0 cm
(Table 8)« Maximum ratio of depression diameter to depth was
2,98 : 1.0 and the ratio of the major axis to minor axis ranged

from 1.0 to 1.96 (Table 8).

,water quality and the bottom textures in these depres=
sibng‘varied_to some extent., The rangés of the physico-
chemical propoerties of the water is given in the Table 9. The
- biotic composition of these accessory habitat also varied to a

considerable extent and is summarised in the Table 10,

4.3,2 Condition Factor:

Monthwise averages of condition factor for four
categories of population based on their size group have been
calcuiéted for the entire study period to elucidate the
‘seasonal fluctuations and presented in Table 11 and 12, The
1K factor exhibited its higher values for the young
pqpulation than the mature and post mature group and also for
males than the female populations of both M. hendersoni

' hendersoni and M. hendersoni cacharensis. In all the four

categories of these two populations, the 'K' factor represented
its two peaks, one in Spfing (May) and fhe other in later
summer (September). “ﬁowever, apart from these, the male
pobulation have showﬁ more frequent monthly fiuctuations

throughout the study period (Table 11 & 12).



Table 11: -Monthly fluctuations in the condition factor of M, hendersoni hendersoni

3 ' ] ‘ 1 2z é» ¢ R 0 U P (mm) ?
Season ! Month L S Y T =L —
! : 20,0 = 40,0 % __40.1=55.0 | __55.1= 80.0 | Ovigerous
‘- 3 m £ f m £ t m - 1
Winter Jane'To 2,8674 2.4780 . 1.7842 1. 2888 0,9548 0,8690 -
- Feb, . 2.8875 2.4790 1.7892  1,2942  0,9628  0,8796 -
Mar, 2.8998 2.,4879 1.7989 1.2953 0,9770 0.,8905 -
Spring  Apr, 2.9116 2.,5874 1.8242 1. 3024 0,9762 0.9198  1.5104
Jun, 2.9274 2,5952 1.8446 1¢3112 0,9646 0,9108  1.5189
Summer  9Ule 2.8919 2.4820 18266 103014 0,9602 , 0.9081 1.5186
Aug, 2.8924 2,4916 1.8286 103164 0,9618 0.8998  1.5106
ftumn Oct, 2.9008 2,5689 1.8042 14 3005 0.9779 0,8684 -
- Nov, 2.8942 2,5226  1,7932  1.,2985  0,9672  0.8509 -
) Dec. 2.8742 22,5042 1. 7856 1. 2889 00,9642 0.8498 -
Winter Jan,:'80 2.8733 2,4946 1., 7850 12880 0.9689 0.,8702 -
Feb, 2.8784 2,4945 1, 7852 1.2886 0,964k 0.8814 -
. Mar, . 2.9905 2.5078 1. 7996 1.2965 0,9788 0,9098 -
Spring  Apr, 29121 12,5887 1.8336 1. 3042 0,9898 0.9142  1.5196
May 2.9416 2.,5982 1.8420 13198 0,996k 00,9210  1.5250
Jun, 2.93%24  2.5831 1.8415 1.3142 0.,9869 0.9110 165220
Summer  Jul. 2.8921 2,5389  1.,8292  1.3085 = 0,9809  0,9091  1.5198
Aug. 2.9024 2,5408 1.8382 1.3105 0.9821 0.9094  1.,5190
Autumn | Octe 2.9102 2,5401 1.8072 1.2990 ~  0,9804 08940 -
Nov., 2.9087 2.4988 1,8085 1. 2900 0.9785 0.8812 -
Winter Dec. 2.8766 2.,4936 1.7962 1, 2894 0,9762 0.8516 -

T



Table 12:  Monthlv fluctuations in the condition factor of M. hendersoni cacharensis
f o s I zZzE G RO U P (mn) !
Season ! Month -
i _ . m £ m B £
. Jan' 79 3. 1003 2.0198  1.9646 1.3455 0.9798 0.9762 =
winter o5 31979 2.1792  1.9742 143498 0,9852 0.9681 -
Mar, 3, 3058 2,264  1,9982 1.3918 0.9872 00,9720 -
Spring  Apr. 303982 2,2856  2,0092 1.4102 049989 0.9742  1.6589
~ May 3,4052 2.2950 2,0488 14766  1,0042 0.9842 11,6766
Jun, 3.3912 2.2742  2.0042 1.4780 0,9980 0.9722  1.6760
summer  Jule 3.2129 2.1756  1.,9879 1.4502 0,9624 00,9719 1.6592
. Aug., 3.2189 2. 22 1.9889 1.4681 0.9689 00,9728 1. 6682
Sep. 3, 2426 2.2159  2.,0014 1.4692 0,9824 0.,9784  1.6694
Autunn  OCte 3.,0016 262140 1.8974 1.4589 0,9892 0.,9766  1.6534
Nov, 3.0981 2.1001  1.8866  1,4002 0,9820 0,973k -
. DecCe 3.0112 2,0089  1.8696 1.3%686 0,9792 0,9689 -
Winter Jan.!'80 3.0946 2.0182 1.9598 1,3428 0.,9801 0,9676 -
Feb., 3. 1947 2.1142  1.9756 1.3489 0,9890 0.9735 -
Mar, 3,2158 2.1974  1.9989 1,3892 0,9896 0,9740 -
May 3. 3846 2.2942  2.0514 1.4125 1.0012 0.9846  1,6698
Jun,. 3+3918 2,282  2,0104 1.4242 00,9986 0.9724  1.6752
ummer - aug. 3,2115 2.2105  1.9942 71,4114 0,9704 0.9727  1.6681
Sep. 3,2324 2.2192  2.0012 1.4401 0,9842 0,9786  1.6692
At Oct, 3.1102 2.2150  1.9116 1,4008 00,9888 0.,9765  1.6501
HEIE - Nov, 3.0992  2.1tk2  1.8892  1,3996 0.9870  0.9730 -
Winter Dec. 3,013k 2.0112  1.8765 1.3672 0,9789 0.9692 -

Lot
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Lie343+ Inter-relationship of prawn population density and

different ecological parameters:

’

. The correlation co-efficients and regression equations
of the prawn population densities at different sites of Umshing
and Pongtung stfeams with then preyailed respective twenty one
physico=-chemical pérameters and twenty biotic parameters were

summarised in the Table 13, 14, 15, 16, 17 & 18,

M, HENDERSONI HENDERSONI

I, Total density versus

i) Physico-chemical variables : Rainfall, water tempera-
ture, rate of water flow, tufbidity, dissolved oxygen,
pho;phate-phosphorous and chloride concentration exhibited
significantly positive correlation while water transparency,
total alkalinity, sodium,.potassium and oxidisable organic
ma%ter content revealed -significantly negative correlation

(Table 13-15)«%

ii) Biotic variables: Total phytoplankton, zooplankton
as well as benthic_ofganism have shown di stinct significantly
positive correlation and particularly correlation with
Chlordphyta, Chrysophyta, Baccillariophyta, Ostracoda,
Copepoda, Cladocera, Nematoda, Decapoda, Insecta are found to

be positively significant (Table 13-15).



II, Population density (size group, 20.0 -~ 40,0 mm) versus

i) Physico-chemical variables: Water turbidity, dissolved
oxygen exhibited significantly positive‘correlation while
oxidisable organic matter only resulted significantly negative
correlation, But sodium, petassium and ammonia-nitrogen have
shown significantly negative correlation at the Station Ay
(Table 13-15).,

ii) Biotic variables: Total phytoplankton and zooplankton
revealed significantly positive correlation while total benthic
organisms have shown a sipnificantly negative correlation,

- Categorically correlations with Chlorophyta, Chrysophyta,
Baccillariophyta, Ostracoda, Copepoda, Cladocera, Nematoda,
and Insecta resulted positively significant, . while Rhodophyta
and miscellaneous resulted significantly negative correlations

( Table 13-15).

II1,.. . Population density (size group, 40.1 = 55.0 mm) versus

i) Physico-chemical variables: Rainfall, water temperature,
rate of water flow, turbidity, dissolved oxygen, silicate
phosphate=phosphorous, nitrate-nitrogen, magnesium and chloride
content have shown significantly postive correlations. But
water transparency, sodium, potassium, iron and oxidisable
organic matter content exhibited negatively significant

correlations (Table 13-15),

Specific conductivity exhibited a positive and the total

alkalinity showed a negative significant correlation at both the
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stations A1 and A2 but their r-values were not significant at

the Station A, (Table 13-15).

ii) Biotic variables: Total phytoplanktdn, zooplankton
and benthic organisms revealed positively significant correla-
tions and particularly Myxophyta, Baccillariophyta, Ostracoda,
Oligochaeta and Decapoda exhibited significantly positive
r-values (Tablé 13-15).

IV, Population dénsity (size group, 55.1 - 80.0 mm) versus.

3 i) Physico-chemical variables: Correlations with rainfall,
water femperature, dissolved oxygen, phosphate-phosphorous and
chloride content resulted significantly positive r-values
(Table 13-15). But water transparency, sodium, and potassium
concentrations resulted into negatively significant correlations,
Ammonjia-nitrogen élso showed a negatively significant r-value
(-Q.6714) at the station'AB.

ii) Biotic variables: Total phytOplanktén, zoqplankton
and benthic organism have shown distinctly positive significant
corr;lations.v More categoricaily, Chlorophyta, Chrysophyta,

Banallapiophyta; Ostracoda, Copepoda, Cladocera, Nematoda,

Deéapoda, Inseéta and Gastropoda groups (Table 13-15).

Miscellaneous groups exhibited negatively significant r-values

(Table 43=15).



Table 131 Correlation oco—efficiants (r) and regresaion equations (y) of Macrobrachium hendersoni handersont (De Man) '
population versus various eoological parameters st Station A, (Uoshing Streem)
Size group:
Parametar Tota% denalty Ovigerovs
(x) y) 20,0-40.0 mm 40,1-60,0 ma 60,1-80.0 mm f
() (y) (»
Rainfall »~0,5879 ~0,353 r~0,5403 r=0,4368 r~0,LgbL7
¥y=0,.0562x+24,0398 y=0,0211x+6,6373 y=0.0155x+10, 3972 ¥=0,0142x+6,5301 ¥=0.0048x+0, 7T4h
Yater tewperature r=0,5659 r~0,2143 r=0.7776 r~0,5408 r=0, 7312
y=3.0869x=14,3344 y=0,7227%~1,2724 y=1.2596x~6.6069 y=0,9412%-5. 7960 y=0.4072x-~4,T3TS
Transparency r~-0,6002 r==0,3457 r=-0,5621 re=0,5412 r=-0,5149
y-9,9147x+52,5584 y==~0.3760x+17.3323  y=»0,2940x+18,6143 y=—0, 3066:»11. 7362  y=-0,0926x+3.3471
Rate of water r~0.5222 r=0, 3008 r=0.3872 r=~0,3752 r=0,5015
flow y=O0, T242x=15, 4841 y=0.3163x-11,3323 ¥y=0.2971x=7.1234 y=0,2582x-8,6091 y=0.0376x=3.7360
Turbidity r~0.5983 r=0,4522 r=0.5286 =0, 3860 r=0,5045
y=0.3080x+20.5731 y=0,2582x-8,6091 y=0.0872x+9. 4334 y=0,.1324x+4,7981 ¥y=0.0396x-3.7360
Dissolved oxygen r=0.6471 ~0.7717 r~0.511% ~0, 4942 ~0,5142
¥=6.62582~25.9998 y=4.8329x~33. 7035 y=0. 9582x'h 2976 y=1.5992x-5, 7400 y=0,2888x~1,1019
pH r~J, )2 r=0, 3523 =045 r=0,1254 r=-0.3178
19.4519x-87,2453 y-27.1716x-157 4988 Y‘-7.8523x*61 1073 y=2.3394x~5,7402 ¥y=-1.898)x+13. 1908
Carbon dloxide r=-0,4147 r=-0,4 r=0, 3454 r=-0,0598 r~0, 3806
y=-8. 3727#63.101»31 y=—9. 99&5:«1‘7.1%2 y=2. 2672:010 2855 y=—0. 14217x*10 2409  yw1,0843~2,5481
Specifio conduo~ 1=0,398 r=0, 1855 ~0,763 =0 ,L492 ~0,5207
tivity y-0.911z»-16.6116 y=0.2086x-1.2648 y-o.lo129x-9.zzoa y-o.zswx-s-zzos ¥=0.0968x-3,6514
Total elkalinity r=—0,6563 r=~0,4199 r=0,63547 r=-0,4364 r=-0,4079
Y==2.1118x+78,9398  y=0, 5997:»29.#}27 y=—0,674Tx+27 bbT3 y=—0, 59}8m21 6016 y=—1,4453x+4,6485
Silicate =0, 2443 r=0,127 r=0.6392 =0, 324 r=0,5274
y=5.8157x+3, 1788 y=2. o7ao»-7.e9za y=5.0164x=12,9427 y-2.7393x-5 3632 y=1. Azze»—s 15
Phosphate r=0,5390 r=0,2020 r=0,5240 _x=0,4951 r=0.813
phosphorus y=ids, 1269x+ 35,9135 y-10.9815x*2.6678 ¥=13,6976x+3,8122 y-13.6826x-o 20102 y=7. 3051»-3 2685
Nitrate nitrogen r=0.3085 r=-0,0882 r=~0.6663 LY r«0,7048
y=27.0726x+21,0333 y-a GUOX+ 11,8917 y=17,9447x+3,2730 Y-12.7926x*!.536‘0 y=6.5253x-1.2188
Aomonia nitrogen  r=-0,0269 2 r=—0,1665 r-0,1238 re-0,0372
y==3.4529x+34,9369 y-9 690 x~3, 3345 y=6.9986x-17,2901 Y==5.5855x+12,29T2  y==0,5384xr L4399
Caloilua r=-0, 3829 re-0,3425 r=0,1817 0, 2454 r=0,2996
yu=1b,715x+44,5313 Y==22,7110:x+68,6949 y=2,.6237x+5,4501 y-;.aasuna 6467  y=1,5051x-2,4007
Magneaiim r~0,2667 re-0, 1434 r=0,5565 r0,3688 a0, 5639
=15.0516x+47, 370 y~-0,53202+13,0650  y=9.9287x+2.9867 y~7.0683x+1.7162 Y3, 4593x~1,9016
Chloride 10,4682 r=0.1828 r=0,4718 r=0,4859 r=0.4926
y=36,2426x+7, 3083 ¥=9.6486x+2,9988 y=11,9788x+4, 2649 y=13.2525x-0, 7205 y=b, 3001»-1 5459
Sodiun r=-0,5493 r=-0,2053 r=—0,7009 r~-0,5062 | pe=0,7
y—12. 9583)&"6() 0220  y==3,1546x+17,9564 y-S 1795x+26,08Th y—4.018Tx+19,0149  yw-1, 9469»—6 5132
Potagsium r=-0,5545 r=-0,1653 r~-0,6859 re0,5092 r=--0,7783
Y=—10,6243%x+61,7261 y==2,1113x+15,3073 y=-0, h213x*2b 0741 ¥=—3.35%4x+17,6931 y-—1.6h37x*5.9175
Iron re=0,3256 re0,0540 re=0,472 re=0,4404 r~0,8518
) y=-10, 5163m51 2082 y=1.1913x+ 7,703 y=—4, 91013):021 3397 Y=—5.0135x+17, 3483  y=-3,1031x-6.8735
Oxidysable r=-0,7027 r—0,5028 r=-0,4701 r=—0.6387 r=~0,9366
organic matter y=—T7.3981x+53, 7329 y=—3. h880n-19.6579 y=—1,5685x+17. 1681 Y==2.2895x+13,1134  y=-0,6155x+3,2337
Total phytoplank- r=0.7936 r~0,5 r~0,5445 r=0,6086 r=0,4312
ton y=0,0615x+14,4235 y=0. 0590x-1 7076 y=Q0171x+ 7. 6933 ¥=0.0206x+2,5968 y=0.0046x+0, 1236
Myxophyceae r=0.1467 r~0,0831 r~0.4631 ' x\-0.2212 r=0.6637
y=0,2448x+28,1517 y=0.0766x+7,7887 y=0.2052x+7, 2754 ¥=0, 1054x+5,8361 y=0.1011x-1, 1973
Chlorophyceas ‘p=0,7676 r~0.6929 r=0,3537 ~=0,5472 r~0,2845
y=0. 1606x+12.5513 y=0.0571x-1,4749 y=0.0238x+9.9732 y=0. 0596xw 0331 y=0.0066x~10, 7323
Dinophyceae r=0.0149 r=-0.1913 r=0.4132 ™=-0,0268 r~0,3058
y=0.1505x+30 ,8862 y=1,2909x+ 12,9531  y=1.5351x+9,0401% Y=-0,0936x+6.0872 ¥=0.3411%00,6736
Chrysophyceae ~0.7083 r=0,6521 r=0,2607 r=0,5417 r=0.2106
y=2.0880x+21,5054 y=1,2878x+3,8233 y=0,24T1x+11,5940 y-o 5528x+6,0872 y=0,0688x+1, 1789
Rhodophyosae re=0,5446 r=-0,4842 =0, 1549 2996 r=0.3399 -
y=-2.8510x+ 34,3386 y=e2,4063x¢12, 4401  y=0,4130x+12,3024 y-—O A578x+9,5959 ¥y=0.3115x+1,1625
Bacoillari r=0,8078 r=0,5720 r=0,6272 r=0,6428 r=0,4754
e ophyosas ¥, 1704x+ 7, 3456 ¥=0.0808x-1,5068 ¥=0.0L462x+6., 7679 ¥=0. 04E3xr2.0027 y=0.0111x-5,8244
Total =0, 7099 re0,4842 r=0,5615 r=0,5856 r=0,6652
zzo;hnkton y-0.9821x-23.h206 y=0.4513x=15,2160 y=0.2517x-1.2206 ¥=0.2819x-6.9839 y=0,1027x-4.1989
P 0.4362 04203 r=>0,0662 =0, 385 r——0,5876
rotozoa D 30hexe T3 7198 yoo1.4hS9xe38.5121  yeoO. 1097x-1b 9267  ye0.B0Bixr22.2008  yooO. 3345x+8. 1341
Rotif r=0.1421 r=0,1338 r=0,42 r=0,2097 =0, 7477
o yo0.4546x¢28,25T1 y==0,2868x+ 11,7219 yb0.5092xf9.3972 y=0,2322x+7, 1390 y-o.z751x-o 2882
. re, 5003 r~0.55814 =0,7167 r=0,5
o'tm#' yost L he-s.8126 y=1.5148x-3,5673  y~0.8126x+h 4878 y=1.1213x-2.7332 0. 2835w-1,37T4
-0, 6818 r«0,2669 r=0,4T73 r«0.2723
Gopepoda B N B vs. 1368 ye1.88130-k,4336  ye0.3542x+10,0637  y=0.6805x+3.5064  ¥=0,1242x+0.3579
c .5968 "r=0,5589 r=0.2108 =0, 4460 r=0,4106
ladocera ;‘_‘2_5787,,.“,9001 y=1.0712x=2.3077 Y=C.1949x+10,5496  y=0.4h16x+3,6609  y=0,1556x-2.6241
Total Bent! r-0,8227 re-0,5541 r=0.5726 r=0,6522 r<0,6466
oigfm..“ hie y=1,5039%-10,8641 .  y=0,5834x+1.,95336 y=0,3373x=2,3055 y=0.4127x-2.8889. y=0. 1309::-2 1667
' . i r=0,5647 r=0.5041 r=0.7385 r=0,396
Naonatoda y!’:g.gngs.m1 y=2. }97}»—1.9536 y.1'0291x¢7.6w1 y-1.6655x*0.lo87k y-0.2781x*0 1325
. 0,0773 r=0,6072 ’ r~0,261 r=0.6651
Oligoohasta ;32.3322”26'.1591 Y-0.4288x+9,0112  y=1.6185x+9. 6478 Y-0-7‘*9Zx*7-23°2 7=0.6535x+3.0102
. r=0,6171 r=0,6909 r~0, 765 : r=0,6001
Pecspoda ?—'2.3353»6.-21.;1 yn2.61980-8.28T4  y=1.4195x+2,9933 Forbrleasior 70212010032
=0,4807 ~0, 1465 r=0,5562 r=0,3279
Tnaeota yr-‘é:gngezgz.% y=0.0171x+10,1469  y=0.4334x+8,4167 y=1.7667x~9.0 y=0,3334x~1.8333
. r=0,3728 r=0.4162 r=0,4068 .
Gestropode B hee1s.0206 oo lsoaee2.6T22  y0.816Bx010.37I2  yO.9TT2s3.816 y:g.z;;:x«o.kjtz
0. 0h ;=0 4850 r=—0,2297 r=0,4098 r«0,0931
:i;:;uauou‘ %.153%#}‘).8862 . ;3.9256::016.0‘053 H.a}ag”1’.nw y-1.9999x+10,9999  ¥=0.1198x+1,3703




Tablo W1 Correlation co-efficients (r) and regression equations (y) of Maorobrgohivm henderponi hendersoni (De Man)
population vorsus various ecological parameters at Station Az (Unshing Streem)
~N
’ T att Size groups
aremoter -] dern Yy
x) ) 20.0~40.0 ma 40,1-60.0 ra 60.4-80,0 mm °"1f'§°“'
(§%] () (y) y
Rainfall r=0,5823 ~0,3573 ~0,.5148 ~0.,4678 ‘™0.5729
. y=0.0506x+24,8454 y=0,02256x+8,09%0 y=0.0145x+ 11, oso: ¥y=0,0097x+8, 7829 y=0,0064x+0,8631
Yater temperature r~0,5742 r=0,2141 ™~0,6739 r=0,4678 r=0.8729
¥=3,4460x~17, 5542 y~0.8367%-2.0304 ye1,1978x=4,5978 ¥=0.7652x~1,2096 y=0.5641x-6.6144
Transparency r=—0,5936 ~~0,4086 r-0,4859 ~~0,5136 r=-0,5298
Y=—1.0382x+53,6972 y=—0.4741x+19,5311 y==0,2518x+ 18,0465 y=-0, 21;96;:*15.0056 y==0,1092x+3.9133
Rate of water flow r=0.5373 ~0,3036 r~=0,5588 0.3 r~0,5672
y=0.8LG60x-24,0112 ¥=0. 33702012, 4494 y=0.2764x-5.3812 y-0.17}lm-_-1.56'rs y=0.1117x-9 4484
Turbidity ~0,6070 r~0,4789 r~0,4967 . =0,4272 r=0,6376
y=0.3203x+19. 9452 y=0. 1309x+4 8427 y=0,0782x+10,0653 ¥=0.0631%+7,6805 y=0.0399x+0, 2057
- Diasolved oxygen r=0,6693 r=0.7508 r~0.4842 r=0.5074 r=0,4562
Y=7.1075x-30, 2704 =i+, B4T732-34,0533 y=0.1226x+1.,97T6 7= 1.372520~-2. 3636 y=0.3847x=1,7028
pH r~0,4147 ~0,2771 : ~-0,3231 =0, - p—0,3472
y=21,3544x-96,8319 Y=19.17082~108,0894  ywii, 794 Tx+42,8973 ¥=5.4105%~-23,2052 y=0. zo52n3.1026
Carbon dioxide r~-0,3566 r~=0,4106 r=),0549 r=-0,3213 r10.38
y=-8,1547x+r64,1835 y==9.2902x+45,3383 y=~0.03684x+11, 8686 y=—2,0215x+17,8308 y-1.02 2x=2,0076
Specific x=0,42043 re0,2421 r=0,5831 r=0,2364 r=0,4980
condustivity y=~0.8103x-8,8878 y=0,.3063x~5,6251 y=0, nglu—lo 0921 y=0.1253x+3.6512  y=0.0921x-3.0241
Total alkalinity r=-0,6547 r==0,4204 r=-0,697 r==0,4087 r=-0,4351
y=-2. 1236xoa1 9661 y=-0,9915x+33,0239 y==0, 6561x028.15‘t7 ¥y=—0,3600x+18,4481  y=-0.1630x+5.5377
Silioate r=0,3536 r=0,2421 r=0.5 ™~0,3097 - re0,6403
y=0.5901~11,1166 =2, 14562-6,9245 y-lo.1738x-8.6l¢50 ¥=2,033 1x=0,4459 y=1,7838x~7.5508
Phoaphnte 1=0,63114 ~0.4109 . r=0.493% r~0.4589 r=0, 7642
phosphoraa ¥=65.02502-5.3025 y=28,8970x~7.4889 y=13,4929x+3.6036 ¥=12,3411x+2,3676 ¥y=0.5538x-4,1139
Nitrate x=0,3229 ™=0,0272 =0,6421 0, 1626 ™0,7298
nitrogan y=W.5169x%+ 20,0826 2. 1&01::09 7087 y=22,5390x+4.8917 y=5.3547x+8,2642 y=10,2006x=-1, 9494
Amusonia nitrogen r=-0,0332 ~0,2 r~-0,2839 re=0,1219 re-0,0332
y~—li,3071x+ 36,7779 y=2. 2017:08 9692 y==10, 6624»20 027 y=—U4,2959x¢13. 1318  y=0, 14976):*2 1671
Calofun re-0,2342 re=0,412 0,1 r-o.zla? r«0,312
Y12, 3456+ 76,4256 y-—20.5’051x¢51 2184 ym-2, 67&5:015 4263 y=0,42Mx+17,5232 y=1i, 6&52:-3.10672
Magnesiua r-0.2339 =0, 1231 =0, 4586 r~0.1486 r~0,6854
y=13,4718x+19.3816 - y—-h.sonnu L3k y=7.2812x+5,4938 ¥~2.3694x+7,T265 y-lo.6351x-5.10)0
Chloride r=0,4057 re0, 3063 r=0,5463 =0, 5464 ~=0,5117
: =31, 7878::*10 1098 Y=13.01072~9.9573 y=11,9484x+4,0993 y=10,3199x+2,6562 yolt 455 Tx=1,5791
Sodiua r—0,520 r=—0,2009 re-0,5081 r==0,4531 r=-0,5863 -
) y-12.6h90:067.3898 y=—3.3118x*19,2736 y==0,3596x+22.TTT9 Y=-2,1453x+15.9333  y=0,6436x+3,8063
Potassiue r=-0,5651 r==0,2047 . re=0,5240 r==0,4674 r==0,8463
y=—11,5722x+66.5906  y=-2.0190x+18,3627 y=—3. 2002:022.1759 Ye2,11972%16,1626 y=2,0721x+7,612%
Iron 0, 3560 . r=0,0133 £=-0,4838 1=-0,3001 ' rs-0,9259
] Y=12.3047x+56.4939  y=0.3225x+9,9113 y==5,2330x+22,8002 ¥Y==3,04532-15,8078  y==3.9872x+9.110%
Oxtdisable re-0, 7410 =0, 5449 re=0, 5465 T re=0,6342 r=-0,6190
orgnic matter y--a 0790:*57.7115 y==3,9491x+ 22,0349 y==1,7685x+18,4135 ¥=-1.9254x+13,8738  ym-0,7975x+4, 1627
Total phytoplank= 1=0,77 r=0.5934 r=0,5728 ~0,5978 ™~0,.4233
ton y-o.omxoqo.gsw y=0,04092=1, 11,5909 y=0.0175x+8,0334 ¥=0.0172x+3, 1641 y=0,0059x+0,0646
Myxophyoeae r=0,1977 ~0, 1012 r=0,4720 r=0.0405 r=0,6881
¥=0,2757x+26,64T4 y=0,0932x+7,8826 y=0.1611x+8,9342 ¥=0.0164x+9, 8104 ¥=0, 1186x=1.3301
Chlorophycese +~0,7052 - r=0,6579 r~0,4413 r=0.6553 r=0,3264 .
¥=0.1665x+ 14,6089 y=0.09710, 7955 ¥=0,0291x+9,8670 ¥=0,0404x+5,537% y=0,0085x+0,8
Dinophyo r=—0,1 r=0,2403 10,2247 r=-0.1384 - r=0,2491
mophysess y-1.l+gzgxo;7.39b6 ym=1,T7056xr 14,6221 y=0.7123x=11.92684 Yo=0.411%cr11. 2641 y—O.)l:Z{Axv1.0736
car h, ~0, 7692 1~0,6250 . rw0,4226 r«0,6758 r=0,2918
yaophyceae y=2.2003x+=3 3635 y=0.13004x+4,4311 ¥=0.3922x-114197  ¥=0.5885x+7,5043 ¥=0.1078x¢1,3303
Rbod r=-0,4683 r=-0,%29 r=—0,6502 r=~0,45Th - =0, 3241
ophyseas y=3. 9277::035.2551 © yw=2,6411x+13,3611 y=-0,1693x+ 13,4334 Y=1,11730011,4604  y=-0.3295x+1,4762
Baco11l 7668 ' r=0,5873 . re0,6096 r~0.5007 r=0,5220 i
e e O Tea1xs10.9982  ye0.0875w-1.749T  * ye0.0bOkxs7.5726 y=0.0361x¢3,1735  y=0.0138x-0,1053
Tot. Lankton < 1r=0,60 r~0,5168 . r=0.5380 r=0,5325 re=0, 7252
otel moop ¥'°.963223-19.10586 . y=0,5008:~17. 7390 yu0,2356x+0,172h y=0,2187%-1,8919 y=0. 126&»-5 1839
P r=0,4555 r==0,5166 ' r=0,0937 r=-0,4305 - re=0,50
rotosss y-z.z?lgl):xom.om y=-1,8710x+47,6097 y=0,1525x+10.,2439 y-o 6533:*23.207} y-0.3275x¢2 3293
0249 r~—0,1013 - r=0.2906 0,78
Rotifers m.ogogx»n.w'r y=0,2288x+12,0064 -  y=0.2926x+11,3236 y-0.017zxno.1;66 y-0-3165x-°~25°7
acoda 6 r=0,583 r=0.5428 10,6635 r=0.6187
Ostr y-J.;rzgg»-‘\.Bh}G y=1,859830~8, 4084 y=0.7722x+3,3909 r-0.8935x01.1§59 y=0, 35043~1, 7291
. =0, 6488 =0, 3380 r=0,6142 - r0,2704
Copepoda 5028 10.728 ¥=1.8836%-3.7839 o.0381x+9.9272 PO, T4TOx+h 4BAT  y=O.1421x+0. 7358
. re0,6250 =0,2158 r~0,4679 r=0.4050
Cladocers iR 13,05 y1.2602%-3.7029 y=0.1943x+11,0469  y~0.3952x+5.7703  y=0.1738x-1.37th
20,7758 r=0,6385 . re0.4759 r=0, 6249 r=0,6383
::-::xlninm thie y=1 Z;ga»-s w81 y==0227x+12.5370 y=0.2738x+3,5833 ¥=0.3373x+0,6033 Y-O-;”;»-Z--””
: . 7968 10,6209 r=0.4562 =0, 7667 0,41
Hematoda ;:(5).22,7620,8.8}71 yn2, TT352~3, 1364 y=0,9099x+8, 7761 :M Z)Mv).wn y-0.351;;00.2053
. 0,044 ~0,5436 =~0,1136 =0, 779
Oligoshaeta ;2.%;5?#”.2618 y=0.2573x010,0067  y=1.4153x+10,5372  y=0.2776x+9.T176 y-O.iOB\x*O.ZGUO
‘ ~0.6236 10,6987 r=0.6171
Decapoda ;giggsal&.-zws y-z.gsazx-w 0026 y=1,2037xr4,6476 y=1,3072x+1.2079 y=0. h9°:»-1-5553
. ~0.7318 r~0.1269 =0,6520 - r=0.23
Ix.u-ctn ;2.;,22'1]»-}“.6667 Y. T3332-36,8333 y=0.3667x+9.5853 y=1.76672-7.4166 y-0.2667x—8 3333
0, 3024 r~0.3518 : r=0.4569
Geatropoda B 20,607 yea.lo3sxs3.2503  y0.7511xe11.0591  yO.9150xe7.3811  y=0. 52"22:«1 Sz
0, r=-0,5474 re-0.04332 r=-0,5849 . r=0,0
Kiscsllaneous T e Riat3.3935  yod 37IBRe15,6016  ye-1.6525x-15.1TT9  Ye1.9576x012.5338  y=0. O33ax+1.8728




Table ) 15

Coreelation ooceafficlents (r) and regression equations (y) of lincrobrachivm hendarsond hendersont
(De Man) population versus varfous ecological parameters at Station Ay (Umshing Stream)
81ze groupt
Par?m;ater Totu% <)1muty- " Ovigerous
y V. 20,0740,0 m 40,1-60,0 mm 60.1-80,0 m y)
N1 6] o
Ratnfall r~0.6388 . r=0, 3464 r=0,6763 10,5834 £=0.6095
¥=0,0629x+27.0451 y=0,0131x+7,1099 y=0.0128x+4,6511 y=0.2890x+0, 3698 y~0.0826x+0, 7520
Water temperature r-0,6331 r~0, 2082 r=0,7038 r=0,5666 r=0,6875
¥=3.3302-14,8569 y=0,b6T72x*1,6267 y=0,8091x-0,0376 =0, 4734%~3,23504 y=0.3665x%~6,8509
Transparency ~80,6208 r=-0,3331 r=-0,6600 r~-0.5159 r=-0,5503
y=—1.1670x+60, 2012 y==e0,2531x+13.4521  y==0,2286x+10,5310  y=e0,0591x+3, 1994 y==0,1503x+4,5943
Rate of water flow ;0.5307 r=0,2589 r~0.7121 ), 3420 r~0,6688
¥y=0,67762-11.2228 y=0.1627%-2,5981 y=0. zzt.;»-b 5297 =0, 074250-1,45349 y=0,1512x-8,8577
Turhidity ™0,6559 r=0,5666 r~0,6605 r=0,4086 r=0,6418
y=0, 3293%+20, 4T84 y=0.4734x=3,2304 y=0,0859x+2, TaSh y=0,0936x+4, 3358 y=0.0528x~0, 6694
Dissolved oxygen r=0,7021 =0, 7031 r~0.8407 r~=0,6351 r~0.5179
¥=T.0641%~26,9841 y=2.1910x+12,68789 y=1.3101x-6,5508 y=0, 7193x~3,0444 y=0.5785x~3, 799"
pH ~0, 3546 r=0,3478 r~0.3153 ™~0,3031 r~0,2368
Y»25,94200-128.5771  y=11.4082x+66.1158  y=5,473x-22.4928 yels 4665%-23.2731 - y=1,2956x-6,5421
‘Carbon dtoxtde ~—0,4001 ™0,3761 r=-0,3476 . kw=0,3090 r=-0,1251
P04 34712+ 64,8101 y==5.0964x+27,2826  y==2,1857x+13,3319  y==1,44512-8,6293  y=0,3027x+2,9346
Specifio r=~0,2626 10,3261 r=0,2501 1=0,2763 r=-0,3632
oonduotivity y=0Q,4023%~17,07201 y=0.1823x+3, 7852 y=0,0421x~7,8077 y=0,0156x~4,6189 y==0,0730x+4, 1222
Total alkalinity x=-0,7531 r~-0,1372 r=—0.3077 ~0, 2841 r=0, 3954
y-2.1766x087.9957 y=-0, 1175::—13.4)67 y=-0.1681+0,2050 y=0,8857x+0,6819 y=0.1829x=4, 7867
Sillonte r=0,2 r~-0,18 r=0.6896 - r=0.3810 r=0,8052
y-‘v.7216x'10.2)52 y—1, 1736:016 0587  y=1.2325x~7,4008 y=0,85060~0,9228 ¥=1.8256x~8,8569
Phosphnte 1™0,G671 r~0,2147 ~0,7228 =0, LT r=0, 7546
phogphorus Y=51.5309%+1.274 y-b.aé19mh.e§}k y=8,2058x-3,33T79 =2, 30543+2, 1609 y-6. 140x~3, 3414
Nitrate nitrogen r—=0,4009 ~0,1158 r=0,4767 ' r=0, 3403 r=0,7902
Y=58.7205x+6, 1831 - y=3,7306x+6,8262 ¥=7. 7122+ 1, 9431 ¥=3.9963x¢ 1, 7489 Y=9.1476x=3,534 5
Azmonium nitrogen 10,1447 r=-0,6252 r~-0.2529 r=-0,6714 r=-0,5434
y=18,8752x+50, 1764  y==2,0601x+17.2877  y==9.5372x¢5,4579 y=—1.0445x+7, 3785 y==0.8335x+4,5632
Caloium r=—0,4914 r—0,44258 r—0,4229 . re==0,4536 ) L pe0,22U6 .
y=—15, 7660x+ T3, 7006 y-—9.2061x0100 5376  y=-4,1086x+20,6212 y=-3,2033+13,1114  y=2,2465x~4,6783
Magnesiua ~0,3998 ~0, 290 r=0,6960 ) 4103 r=0,6432
7=25,3063x+3,5333 y-2.9479x*5.8115 y=3.5383x+0.2356 y=1.7011x+1, 1248 y-z.}lo33x-2.1907
Chloride r=0,5269 ~0.1193 r=0,5529 =0, 4801 r=0.5985
: Y=37,8494x+ T, 1417 y=3,8911x+5,6624 y=9,0488x=1,3772 ¥=0.9525x+3. 5292 ¥=7.01930=4, 1714 «
Sodium re~0,5343 r=-0,4866 r=—0,8C49 r=—0,7150 r=—0,03245 .
y==12,0018x+70, 7019 y--9.7096x-l.1 9601  ym=0,8127x*33,0587  y==3,2041x020,4082  y=-2,3441x+9,8723
Potassium r=—0,6084 r~0,6252 . r=—-0,8234 ™~0,8328 r-Q7245
Y=—10,01143x¢67, 2430 y=—2,6601x+17.2877. y=-6, 5526v28.615h y—0, hh97x*)o.hoez y==6,4497x+10,3827
Iron =—0,4404 re-0,1781% r=-0,5038 r=—0,4793 r=—0,5386
Y*~13.6072%x+63,6096  ym=l,TT1x+ 19,9842 y==6,7684x+22,0491  yw-0,4682x+14,68667  y=-3,2603x+9,4498
Oxidisable r=-0,8080 r=—0,6252 r=-0,7766 r~—0,6714 r=—0,5434 .
. organic matter y=—8,2243x+r62.2271 y-—2.0681xﬂ7.2877 Y=~1,6621xt 11,6043  y=—1,0445x+ T, 3785 y=-0,8335x+4,5632
Total phyto- r=0,8596 r~0.6909 ™0,9441 r=0,6569 ~0,4271
plankton y=0,0606x+2,2375 ¥y=0,0294x+0,5439 y=0,0201x+0, 7319 y=0.0067x*1,9663 y=0.0063x+0, 1326
Myxophyceae ™0,2287 r~-0,0396 ~0.5701 =0, 3106. r=0.5391
y-0.2198x'13.9725 y-0.0229v9.6960 y=0, 1658x+2, 1610 Y0, 0656#2 &134 y=0.11230=9, 9700
Chlorophyosae r=~0,9162 r~0,807% r=0,4387 T m=0.7578 r~0,2275
¥y=0,1330x+12,9725 y=0.0712x+0, 7918 y=0.0379x+2. 1606 y=0,0243x+1,3294 y=0.0072x+1. 1526
Di oae r=-0,2749 r=-0,4010 r~0,0769 r=—0,1513 r=0,3156
nephyoea y=-1.9331%* 24,505 y=—1,7023x+13. 1973 y-0.16}8x-'6.1672 Y2, 3 imrl, 7324 y=0,4816x+0,.8361
c r~Q,9247 r=0,8674 ~=0,4356 =0, 7264 =0,2156
Brysophyssas ¥=1.9036x+ 10,9495 ¥y=1.0779x+4,0327 y=0.4896x+4,2981 ¥=0.3291x+2,6307 ¥y=0.0963x+1.5504
Rhod r=-0,6220 r-0,0244 r~—0,1740 r=0,2593
ophyceae s 1‘602”22 4988 y=-2.1693x+ 11,4334  y==0,0428x+6:6297 y=—0,2212x+4,4063 y=0,3251x+1,6478
Baoaillari 7645 ~=0,5846 r=0,7281 =0,6013 r=0.5010
aoall ophyceae ;0:\1263010.0371 J0.0519x+1, 7907 y=0.0413x+0, TTT3 y=0,0193x+1,4320 y=0.0161x~0,2463
| zooplankton r=0,7454 r=0.5415 r=0.8661 r=0,6701 r=0,6142
Total "*A n y-0,32101)o-20.3563 y=0, 3176-8, 5448 y=0.2547x-7.5574 y=0, 1433%~3, 7862 y=0.1129x=5. 1873
r=-0.5632 r=—0,3659 r=—0.4334 r=-0, 3706 r=0.4627
Protozos y—2. 0231”59 GUE  ye0n T2ex+2h. 8048 y—o €281x020.2347  ye0.5296x+ 14, 6707  y=—0.3135x+8,2198
r=0,022 =0, 26¢ r~-0,4187 =0, 2043 r=0,6768
Rotiers y-0.0h95x*19.5089 y-o.)6£xn1.lg718 M.2831mb.7192 y=0. 1006+ 3. 5046 y=0.3281%-1,5963
acod 0. r=0,6316 r~0,8363 r=0,6829 r=0.5786
Ostracoda o 13332»-5 5148 ¥=1.20352-3,1522 y=0.7991x~1.5417 ¥=0,47432-0.6563 ¥y=0.3962x-2,0282
agioda ~0, ~0,7712 r=0,4396 r=0.6667 r=0,1936
Gop y-z.yjzoxﬂ.sbsz y=143391%~1,0716 y=0.6440x+1,6989 y=0.4219 y=0, 1208x-1,0834
r=0,747% r=0.6223 ~0.4159 ~0,6731 r~0.3811
Gledosara Pm1: hodar2.9190 y=0.7505x+0,5772  y=0.4330x+1.6734  y=0.2938x+0.8132  y-0.1652x+0.12%%
: 0,780 r=—0,5492 r=0,9583 r=07156 10,5991
eaniga e 09000 13,9725 y-O 3324027685 y=0.3703x-3.7870  y=0.201bw-1.4629 =0, ;23‘-9-97°°
r=0.8374 r=0,7861 r=0,3641 -
Neaatoda T e 2. 263 P e005e0.9496  ya1.1218x+1.0673  3O.7655x00,4028  y=O.3496x+0.2807
. 0,023%9 r~0,5667 =0,2592 r=0,7131
Oligochasta P 17,0002 -0.0833xvB.0252  y-0.3500x+4.6839  y=0.3208xv3.5349 M'B?,;z’" 0.2867
) r=0,5 -
r=0, ' r=0,5636 r=0,9085 r~0,6556
Decmpoda Y-).Z7}(5)?no-3.89lw ¥=1,5589%~1,6993 ¥=1.2172x=1.8337 ¥=0.63642-2.4901 y‘g'i:.s:-"e“%
. r=0,5773 r=0, 3846 r=0,4682 . r=0,
Inseota ;'?.3333».15.5“7 y=2.2333%-13,2501 y=1,033kx~3. 7506 y=0.662120-1.8333 y=0,4x-2,0001
. ; r~0,3893
321 ‘ ~0.4572 r-0,4211 r=0,5201
Gastropoda y‘:g.;ggs)xoa.gsl‘h =1, 650504, 2458 ya1,2488x+2,9408 yw0, 8042+ 1,8209 y-O.EgO&wO.B)ﬂ
Miscellaneous’ r=—0,6532 r=-0,4520 r=-0.2432 eird - 1 02;%::*0 2867
grove Y 5.1654x+25,864k  y—3.0360x¢13.1864  y=—0.8422x+7,3423  y=-0.7284x+3.0169  y=1. :
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V., Population density of ovigerous female versus

i) Physico-chemical variables: Rainfall, water temperature,
rate of water flow, turbidity, dissolved oxygen, silicate,
phosphate-phosphorous,nitrate-nitrogen, magnessium, and
chloride content have ghown significantly positive correlations
Specific cqnductivity also resulted negatively significant

revalues at A, and AZ.(Table 13=15), Correlations with water

1
transparency, sodium, potassium, iron and oxidisable organic
matter content resulted significantly negative, and at the
station A, ammonia-nitrogen also resulted a negatively

significant r-value (-0.5434),

ii) Biotic variables: Total zooplankton and benthic
organisms have shown positively significant correlation,
Myxophyta, Baccillariophyta, Rotifera, Ostracoda, Oligochaeta
and Decapoda exhibited positively significant correlations,
Correlation with Protozoa resulted significantly negative

r-values (Table 13-15).

M, HENDERSONI ACHARENSIS

I. Total density versus

i) Physico-chemical variablesf Rainfall, water temperature,
turbidity, dissolved oxygen and chloride coneentration have
shown pbsitively significant correlations while correlations
with water transparency, total alkalinity, sodium, potassium,
iron, oxidisable organic matter content resulted into signifi=-

éantly negative r-values (Table 16-18).



1¢%

ii) Bietic wvariables: Tofal phytoplankton, zooplankton
and benthic organisms have shown significantly positive
correlations and also categorically Myxophyta, Chlorophyta,
Chrysophyta, Baccillariophyta, Rotifera, Ostracoda, Copepods,
Nematoda, Oligochaeta, Decapoda, Insecta and Gastropoda group.

II, Population density (size group, 20,0 - 40,0 mm) versus

i) Physico-chemical variables: Water temperaturé, turbi-
dity, and dissolved oxygen exhibited significantly positive
correlations while sodium, potassium, iron and oxidisable orga-
nic matter resulted into negatively significant r-values

(Table 16-18).

ii) Biotic variables: Total phytoplankton and zooplankton
have shown positively significant correlations., Categorically
correlations with Myxophyta, Chlorophyta, Chrysophyta,
Baccillariophyta, Rotifera, Ostracoda, Copepoda, Insecta
resulted significantly positive r-values while Rhodophyta and
also Miscellaﬁeous group resulted into negatively significant

r-values (Table 16-18).

III, Population density (size group, 40.1 = 50.0 mm) versus

i) Physico-chemical variables: Rainfall, water temperature.
rate of water flow, turbidity, dissolved oxygen, specific
condutctivity, silicate phosphate-phosphorous and chloride
concentration exhibited significantly positive correlation,
Nitrate-=nitrogen showed its positively significant correlation

(r & 0.4805) at the station B Correlations with water

30



Table 16t

(Tiwari) population versus various ecological parameters at Station By (Pongtung Stroanm)

Correlation co-efficients (r) end regression equations (y) of Hacrobrachiun hendergonl cacharengls

Size group:
Par(wj:;ter. Totu](. n)icmuty 0 ke Ovigerous
y 20, +O0 mm +)=50,0 mm 0,4-~70,0 mm
[N €731 057 y
Rainfall ~0,4821 . r=0,3892 =0, 4652 r=-0,0033 r~0.5677
y=0,0587x+28,0878 y=0.0312x+10.3973 y=0.0118x+10, 3302 y=-0.0013x+9,6667 y=0. ooa>x'o 7065
Wéter tomperature ™=0,611 ~0.5333 r=0,5497 =0,4821 r=0,84
Y=2,641ix~26. 7763 ¥y=1,47152~20.6689 y=0.4778x+4, 7309 y=0,5429%-3,4323 y=0. “3‘00;(-8 55bz
Transparency r=-0,5676 ™~0,2230 r=-0.4651 r==0,5548 r=-0,6501
y=~0.6297x+57, 2281 y=0.0722x+7,5233 y=—0,0911x+15,0345  y=-0,3046x+27.9897 y=-0,0863x+4,T936
Rate of water flow r=0,2227 r=-0,0708 r=0,5623 ~0.1130 r=0,4923
' y=0,4919x+10,0669 y=—0,0470x+ 17,4177 y=0.1302x+4,9731 y=0,0011x+5,2882 y=0.0566x~1, 140%
Turbiddty r=0,5453 r=0,5729 : r=0.4522 r==0,3014 r=0.5516
) y=~0,6216x-29, 3980 y=0,4039x+2, 7014 y=0.0926x+9,2522 y==0,0971x+12,8956 y=0,0735x-0,2636
Dissolved oxygen r=0,5007 r=0,4763 r=0,6094 =0 ,4354 r~=0,5182
¥=7.9765x=29, 3980 y=k,02062x- 18,4031 Y=1.8567x~3.310% =1.4261%x+0.4026 y=0.9301%x-3,7418
pH ~0,3232 r=0,2052 r=0,2965 =0, 1068 r=0,0484 -
¥y=18, 5645281, 1194 ¥y=9.7102x-47,2312 y=6.1029x~-27.0076 =0, 1656x*+ 20,2501 ¥=1.1295%~5,3027
Carbon dioxide - r=~0, 34806 r=-0,4203 r~0,2158 r=-0,1746 ~0,0401
Y=-—-11,8026x+84, 7968 ¥=~9,9230x+55,4557 y=2.7064x+23,0739 y==0,5962x+10,2429 y=0,1547x+1,285¢
- Specifioc =0, 2060 ] r=0,0049 r=0.4724 ™0, 11219 © r=0.6993
conduwtivity y=0,4201x+15, 7261 y=0,0073x+ 14,4629 y=0.0779x+8, 1007 y=0,0421x+9.2782 y~0.1967x-7.9323
Total elkalinity . rw=0,4697 r~~0,3110 r=-0,4546 r=0,0429 r=-0,6296
y=—1,2602%x~68,2395 y=—0.5651x+28. 7479 y=-0.1303x+15,2093 y=0,0462x+ 11,4429 y=-0,2136x+7, 1747
Silicate r=0,3532 ~=0,3205 r=0,4933 =0, %422 =0, 7504
=11, 0!»09»-0 8452 ¥=7.2125x=7.5495 ¥=3.4105x+1,4158 y=4,2674x~0,6426 y=3.0752x-7,6267
Phosphata r=0, 248 r=0,1837 . r=0,4685 ~0,0042 r~=0,7104
pho sphorus y=28, 6321x¢13 4573 y=14,0506x+ 3, 6863 y=8.8740x+4,9599 y=0,6422x+ 37,4224 y=10,1383x-6, 1264
Nitrato nitrogen r=0,1296 r=-0,1839 ~0,3171 ~0,2784 r~0,5246
y=16.8998x+44,8671 y=-17.0001x+23,6580  y=9.0512x+7.3234 ¥=5.4262x+8,3527 y=8.8324x=2,6472
Aamonia. nitrogen r=0,0071 r=—0,1239 r=0.0067 r=-=0,2426 r=-0.2765
y=1,0742x+35,5730- ym=11.0h50x+ 23,4560 y=0, 1822x+ 11,8662 Yol 2423x+ T, 4632 ym==ls.7652x7 1,6 731
Caloium r=-0,2720 r=-0,2031 r-~0,3551 r=0,0246 r=-0,5473
. y=-6,2043x+16, 3840 ¥=—3,83%11x+ 30,6461 y=-1.5138x+18,2483 y=0,0452x+8,4231 y-—1 3829x+7.6246
Magneaiun r=0,0181 r=—0,0854 r~0,1571 r=-0,1764 r=0.5934
y=0.7761x+36,9926 y=-2.4438x+ 19, 3676 y=1.4022x+9,3965 y=-0, aaszxﬂh 1026 y=3.1758x~3,9640
Chloride r=0,5524 ™0, 3239 r~0,4917 r=0,2627 ~0.4892
y=36,8906x+8,5687 y=21, 2004x-7.9022 y=7.9628x+5, 7358 y=1. bsszﬂ.z:bz y=4,4710x=1,3769
Sodium r=—0,4206 . re=0,4521 r=0,4525 . x==0,2674 r~-0,8294
Y=—17,2008x+T7. T334 y=—~12,23592x+44,9294  y==3.8579x+21,48%1 y=-=0. 9z:dux+1lo 7229 y=-0,4191x+12, 2186
Potassium r—0,3911 r=0,4322 r=-0,3735 r=-0,1674 r~-0,7748 .
: y=—16,0226x+18,0956  y=-12,7775x+46.,8836  y=—3.4774x+20,7226 y=—~0.0149x+15,2321 Y-l 2755x% 12,6411
Iron r=-0,5651 r=-0.5242 r=-0,5645 r~-0,2232 r=-0,7522
y=—20,5394x+59.87 y=-11, s196m26 3864  y=—4.007x+16,5921 y==0,4265x+11,2942 y==3.1654x+5,5463
Oxidi sable organic  r=-0,7034 r=0,86 re-0.4518 r=-0,1467 r=-0,4565
matter . y=—17.7392x+84,9710 y=—6. 2)45x+ 54,265k y=—0,3226x+ 14,0408 Yo-1,4232%¢ 17,8427 y=0, 1301x+2. 7400
Total phytoplankton r——0,G524 r~0,6056 . r=0,4927 ~0,1124 r~0,6089
) ¥=0,0442x+ 18,9827 y-0.0506x-—5.89b7 y=0-0151x+6,6898 -y=0.0456x+10,2319 y=0.0112x~1.9729
" Myxophyceae r~0-5002 r=0.6402 r=0
. d <4768 ~0,2346 =0,6540
Chlorophyos ‘Y:;-OOZPMO-SQBO ¥=0. 7309x=9, 4932 y=0.1617x+7,0123 ¥=0.2749x* 14,2361 ¥=0.1504x~2, 7221
)] ae Y‘O-?;’*;x’" 3916 hg.gggs 6 r=0.5931 ) r=0,5122 r~0.5361
Dinophyes . . y=0.0853%=1,6552 ¥y=0,1834x+8,4537 ¥=0,0451x» 14,2264 y=0,0148x=0, 9491
Weeae y__"-oh:g;‘?x’% 9617 "'.3’?‘{-’,3,(.,, 9389 r_g-zgs; 1=0,1104 r=0, 7339
. ] -84 . y=0. . y=0.4831x+8,3363 y=1,6741x+7,2267 y=0,4091x=1, 1515
hrysophyceae Fg.t)}{zlog . r~0.7677 =~0.4942 r=0,16"0 r=0,5682
=6, _2 x*12.5229 y=0.3100x+0,4713 y=0.0643x+9,6768 y0,4262:0010, 2324 y=0.0551:0~0,068%
Rhodophyoeae r==0,5702 r=-0,4901 r=0,0470 A ) =0, :
Y=2.5169+40,8951 1.6552x+18.3609  y=0.0 T kot
Bsoctllartophyo . ;372 . y-; .P;; . ¥y=0.05115x+11.8934  y=—0,00894:c+17,4264  y=0,0871x+2,0979
eae =0, . . r0.5591 ~=0,6521 r~=0,4942 ~0, 7943
Total zooplankton Z:Z'Z:gmw.se” y-g';gfm-".szw N.IL;OQ”L?“‘ pspssmiaind] 0:020Ta-4, 0379
» 40065 r~0.537%5 r=0,4847 r=0,0942 r=0,5822
broto Y2, 7397%+ 7. 7331 y=0.65262-17.6351 y=0.1355x+5,2587 y=0.623x+11,3242 y=0,1215%~4, 1295
rotozoa r=—0,1299 r=0,0008 r=0,0447 r=-0,0782 i r~0,1906
rotie y-—ol:zo'llox-'loi.?ak} y=0,0019x+14, 7858 y=0.0359x+11, 1438 . y=-0,0027x+ 17,4259 y-0.0309x-0.2102h .-
ara r~0,4652 r=0,6G64 ’ r~=0,483%4 ™~0,3322 . ~0.7599
' _ Y=1.6549+10,3264 . - y=2,30192-10, 6792 ¥=0.5258x+6,1716 =0, 1421x+7.,4 236 ¥=0,4889x-3,5136
r=0,4573 r=0.5787 . p=0, 4624 | r=0,3810
Qstracoda ;:? & I.gx-vn 3124 y-5.51box«o.5sa7 y=2,4673x+5,6262 Y"‘ 6642 T7,9144 ¥=0.9646x-0,5702
’ 0,6 : r=0,4877 ~0,1136 r=0,6532
Copepoda yr-_-g:giz_h 2 - 1.;573?”,_”90 ¥y=0.3979x+9.2142 y=0. ohszxnz.;zss y=0. 3520x~0,5476
42 r=0,0288 r=0,2112 r=--0,1176
Crede ';2'35&”26 6877 yx:g.ee?/gx-s.zsza ¥=0,0676x+11,6516 v-3-2b11*9 2468 y=-0.1629x+2.7384
. 0.3847 r=0.6323 r=0, 464 r=0,9521
orgentam C 515,262 yeo. Teibxr2,0358 - J=0.4261xv5.5233 0. 155k 7. T2 y=0. 3603x-4. 0423
. =0 =0.4797 r=0,4634 r=0,3577
Nezatoda B 9,216 02830k, TAS T1.0087xr 11,0763 ym3.2421xr11,2466  y=0.B167x+1.1679
0. r=0.4870 r=0,4422 r=0,8084
Oligochaeta 0 9 10.9861 ;‘:, ?9,-.1.,,11 BSTY  y=1.6285x+10.6428  ¥y=1. 5212:«7.4215 y=1.4581x=3,3083
0.4 v £=0.5057 r=0.4 r-0.8406
Docepoda yx:?'ggg»-w.m; o3 e205r1. 7302 ¥=1.4801x+6,6960 ¥-° 502‘*"*5-5725 V"'Z“;”"sm
Insecta x=0, 4806 r=0.6456 * r=0,5584 6 2.5627 r'?'oZ?zx-z.suu
y=0,4534x+8, 9046 y=5,2989x-12.9863 y=1. 64330k, 4226 ‘y-0.945 x*2.5 :0-6 -
. £=0,3162 ~0.6578 ~0,1527 . .
Gestropoda P 8100k19.3029  yebs 2807,,5 0561 T2.805TkeT.5607 o0, 3TBX+9.9436 S-Z?W-O-”“
. r=-0.4 r~0,2616 r=0,0524 22
zil;gllmwu yx::g:ﬁ?/?/gnua.nzo ,u.h625xv20.7251 . ¥=1.0076x+11,0763 y=0,0452x+ 11,5424 - y-o.e1ng1.1679
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Table 171 Correlstion co-officlents (r) end regrossion equatfons (y) of Mperobrncfifus henderuonl sroharenals
(T4wari) populntion versus verious ocologicsl parameters at Statlion B, (Pongtung Stroam)
Parameter ‘Iotnl(dsmnity i = - Size E;Oum . 5 Oviforous
X, 20.0-40,0 mm ! 0,1=50,0 mm 50.1 o0 mm
y : 163} i W 1y
Rainfall rw0,4702 r=0,2714 r=0,5000 r~-0,0912 =0,0644
¥y=0,0651x+34, 4742  y=0,0193x+9,5871  y=0,0297x+15.1146  y=-0,0013x+10,3516  y=0,0642x+0,4627
Water temparature r=0,6583 ~=0,4923 =0, 7696 r~0,4856 ~=0,8124
y=3.2756x-31.0855  y=1,2489x-16,4642 y=1,6196x~18,3778  y=0.0028x+10, 1016 y=0,3527x-3,2637
Transparaonoy r=-0,5769 r=0,2739 r=-0,6654 r—0,5621 r=-0,8426
y=-0,7622x+67,6225 y=0,0396x+8.9673  ym-0,4016x+31.4741 y==0,4063x+24,6163  y=-0,0745x+3,4639
Rate of watar ~0,3247 r=0,1876 r=0,5221 r~0,0719 ™~0,6527
flow y=0.7778x+1,5008 y=0,2682x~1,9903  y=0, 1425x+4, T242 y=0,0205x+9,0683 y=0,0942x-1, 1327
Turbidi ty ~0,5688 ~0,5260 r=0, 6447 r=-0,2049 r=0,7423
y=0,6907x+22.2278  y=0,2369x+3,8952 y=0.3205x+9,8101 y=-0,0245x+10,8964  y=0,3427x-3.27%42
Dissolved oxygem r=0,6322 r=0.5839 r=0,5709 r~0,4758 ~0,5427
Y=11,7314x=59,2276 y=5,8620x~38, 8173 y=4,6390x~21.0031  y=0,1405x+8,8744 y=0, Bb27x—b 2452
pH ~0,2173 r=0,3024 ™=0,0686 r=-0,0407 =0, 1244
y=16,8699%-56,3390 y=10,0428x%-55,2886 y=1,9000x+6.5398 Y=—0.2715x+11.9942  y=0,3142x-6,4234
Carbon—dloxide £=-0,0533 r=-~0,13052 r=0,3173 r~~0,1843 =0, 1144
) - y=—0, 1660#49 9383  yw=4.8227x+30,3423 y=4,1802x+3,7239 ¥= 0.5836xr 12,3433  y=0.1754x~1,8437
Specific r=0.40080 r=0,2323 r=0,6685 r=—0,1332 r=0,6274
conductivity y=0.8007x+11,0219  y=0,2193x+3.5816 y=0,5278x=1.7319 y=—0,0251%+11,1687  y=0,1142x-2,5674
Total . r~—0.5418 r=-0.3291 r=—0.7956 ~0,0379 r~—0,8842
alkalinity P=—1,2907x+32,0028 y==0.3721x+23,3918 y=-0,7518x+41.8123 y-O 0086x+9.9076 y~—0,1574x+5, 2647
Silicate =0, 1549 r~0.1509 r=0,5155 r~0,0013 r=0, 7452
7=8.0998x+17.2238  y=4,1812%-1,2903  y=7,2901x=4,4206 y=-0.0075:+10,4129  y~2,3543x~6.2473
Phosphate— r~0,3507 r=0, 3050 r=0,4565 r~—0,1609 ~0, 6427
phosphorus Y=40,0002x+16,504k  y=17.5361x-0.3949 y=20,B5Thx+h. 1769  yw1.0537x+11,5122  ymO.2747x-3. 2071
Nitrate—- ~0,1647 ™~0,0023 r~0,2793 r=0,0022 =0,6144
nitrogen y=14,9210x+37. T640 y=0, 1&51x~12.261& y-'m T299%+ 12,1401  y=0,2834x+10,0276 Y=T.456Tx=3.4471
Aomont a-nitrogen  r=0,0324 r=-0,1912 r=—0,1657 r=0,0818 r=0,2427
Y=18,1946%x+30,2930 y=-18,7154xr26, 08 y=-13,5278x+9.3791 y=1,5736x+9,0021 »-ib,2752x+1,5232
Calcium r=-0,4208 r«=-0.1918 r~—0,4117 =~0,0104 r=0,4252
yo=7. 1849x+ 79,6896 y=-6,8614x+40,3793 y==12,2809x+69.5315 y=0,0746x+9,8618 Yo 1,2437x+6, 3421
Magnesium =0, 0569 r=-0,1753 r=0,3821 =0, 1870 r=0,5563
y=2.4187x¢38,9169  y=-4, 5361.»»21 3911 y=8,2u54x+2.8699 y—0,969Tx+12,1029  y=3,2555x-3. 7423
Chloride ~0.5158 r=0,4326 r=0,6040 r=0, 1690 r=0,4562
y=52. 0066x+h 7318 y-19 1831%-2,2139 y-22 3664x+2,4094  y=1,5023x+9,0274 y=b, 3272x’1 5127
Sodium r--0,7 8971 6304 =0, 1432 " re-0,924
y=-26, l&O)‘ox*127.043) y-—17.“321x*60.5819 y—~10 M»SZ.GQSA y=0,5576x+8, 3684 y-o 51&7::*11 S243
Potasalum r=-~0,5681 r=-0,5956 r=0,6 r=0,1301 =0, 7427
. y-27.1994x~130 31 y=-14,026Lx+58 6451 y=—13, 3569)(06}.175 y=0,6141%x+8,114 79 Y=—5,3261x+9, 2546
Iron r=-0,5292 r=-0,4547 r=-0,6439 03542 rv-0,6845
y=-22,0839%+69, 1919 y=~0,0352x+22,7991 y=~10,8061x+31.8343 y=0,5057x+9,4940 P—3.2617x+6, 2431
Oxidisable r=—0,6410 r=-0,8583 r=0,4673 =0, 3642 re=0,4451
organic matter y=~8,0040x+v92. 7913 "y=-5.4252x4h,9979 y=-2,3576x+33.5283 y=0,4G13x+7,389 y=0,1502x+3.,4251
Total r=0,6306 r=0,5389 =0, 75448 r=0,1295 ~0,5042
phytoplankton y=0., 1058x+5,5437 y=0,0484x=5, 0178 y=0,05341x+0,4707  y=0,0022x+ 10,9549 y=0,01142x~1, 7423
Myxophyceao r=0,6078 r=~0.5922 r~0,8008 r=0,2361 r-0,6451
y=1. 10670»-2 3396 y=0,6476x~7,6361 y=0, 7304%~3. 1873 y=0,03517x+11.7623 y=0.1321x-2,4526
Chlorophycoae r~0,5%44 r=~0.5239 ~0,5927 r~0,4646 r~0,5327
¥=0.1571x+16,4086  y=0.0689x-0,9857  y=0.0649x+6, 7677 y=0,0085x+11,8207 y=0,0452x~-0,9789
Dinophycese ~0.3139 r~-0,0279 r~0.6438 r~0,2172 r=0,5271
1. 5351x+31 2749  y~-0,0699x+ 12,8637 y=1. %52»9.1317 y~0, 1075x+9, 3418 Y=0.41522-0,5174
Chrysophycocae r~=0,7143 r=0,7407 r~0,6879 ) 0, 2049 r=0,6421
y=0, 6615w19.767b y=0, 3409x+0,0031  y=0,2641x+9,8049 y=—0.0272x+11, 1480  y=0,2542x~0,2040
Baccillariophy- r=-0.3 r=-0.5297 r=-0,0552 r~0,1083 =—0,1021
ceae y=e1, cu~7._x~l+6 T651  y=-1.6238x+15, 763 y=-0,1412x+19.6275 y~0.1156xv9 9237 y=—0,0741x+2,0412
Total ~0,6047 r~0,5646 r~0,6188 =0, 1289 r=0,6412
zooplankton y=1. 1711»‘-15 3456  y=0,5604x=15.5457 y=0.5121x-6.1463 ¥=0,02563+ 11,4425 y=0, 11015x-) 4567
Protozoa =0,019 ™~-0,0017 ~0,0591 r=-0,0132 ~=0,1452
y=0, 08697*60 8525  ye-0,0039x+12,4282 y=0,1118x+16.6759 y=—0,0006x+10,3090 y=0,0842x-0,2541
Rotifer =0, 7437 1=0,6806 r=~0,7579 r-0,1684 =0, 7241
b yols o biB6x-6,3083  ym2.0864%-10,7912 ye1.8332x-0,6796  ye-0.1035%+11.3134  y=0.4521x-0.4157
Oatracoda =0,5243 r=0.4637 . =0,5210 r=0,4652 =0, 3942
¢ Y=12.280T50 11,1682  yu5.5700x-2,0561  yw2.7452x+6,2341  ym0.5421x+8, 7664 y-O 7h57x~0,3127
c od =0,6542 r=0,6485 r=0,6638 r=—0,1292 0,5578
epepota 0 5270x0 20,0238 yei:7107x00,5011  yo1i4i4xe9.40T O, 0663x+10,6309 - ye0.L27hx=0.4527
Cladocar ~0.3708 : 1=0,40%2 r=0,3432 re-0,2353 r=0,2054
- bt 54083+ 18,6989  y=2.5306x-1,1632  y=1.7959x+9.7551 y=-0, 29;9::*11 TUhg  y=0, 2152»-1 2352
Total Benthte 1~0.6009 ~0,3292 - r~0,8263 =0, 48 r=0,812
o‘x,'ganlu:n : y~2.0408x+8,9031 y=0.5729x+2. 7834 y-1 199&»—0 6562 y-o.oaa7xv9. 3556 y=0, 37&1»& 0421
N toda ~0,5317 r=0,2469 777 0,4536 ~0,6144
@ y=6. 2903#18.2‘082 y=1.4988x+6,4630 y-).9}32xf3.926h y=0.0191x+10, 0952 y=0,5241x+1.52%%
014 ta 0.4552 r=0,2258 r~=0,6813 r=0,0135 r=0,7142
igoohae ;9 35286x+35, 128  y=2.3714x+10,357% y=5.97txr14,.337t  y~0,0236x+r10, 1428 ¥y 1, 3546x=3,4137
D da 0.6504 »=0,4972 r=0.8483 r~0,0678 ~0,8507
eape ;:8 8857x*3.1523 y=2.7809x+0.5142  y=5.9714x+ 14,3571  y=0.0954x+9,7619 y=2,1041x-2.4127
ta ~0.8113 r~0.6480 r-0,8482 =0, 4981 ~0,6671
Insec y-11 926&»—20 6912 y=4.8823x-13,7038 y=4.9524x=1,7143 y=0,6764x+6,5588 y=0,8147x-2.42T2
0. : 0,423 r=0,5903 r—0,1987 ~=0,6142
Gastropoda y-ao A;075xr28.9998 ;:h 6553”5',2)0 5 ,,063,.,4 1250  ym-OL4375xv10.7499  ye1.2612x-0,9127
0,2 r==0,4878 r=0,1739 r=0,04024
Miscellanoous ;’:—_A 81525”47'7292 Yok 3750%¢16, 7083 y-O 0625,,19 z7oe y=0, 3125x+9.6542 y=0,2417x-1.1425




Table 181 Corralation co~-efficients (r) and regrusasion equations (y) of Macrobrachium mm 9goharenais (Tiwart)
population vorsus v{'nnoua ecologiceal parmmeters at Station Bj (Pongtwng Stroeanm)
g Slze groups
Parametor Total danaity 20.0~40,0 mm 40,1=50,0 oo 50, 1=70.0 mm Ovigerous
) () o & &P )
Rainfall r=0,4571 r=0,2132 =0, 5045 . 20,1123 ™~0, 7767
¥y=0,0753x+37,6605 y=0.0234x+ 12,1681 y=0,0295x+ 16,4723 M.Oozjxﬂ'l 1785 y=0,0928x+0,4310
Vater taemparature rw0,6819 r=0,5949 r~0, 7752 r=0,4879 ] r=0,8302
: ¥=3.9499x-43, 3635 y=2,2209x-36,3252 - y=1,5386x-15,2491 ¥y=0,1272x+8,5306 y=0, 3402x-6, 1923
Transparency r=0,5758 r=-0,0258 r=0,6645 r=—0,5448 r=-0.8029
Y=0,9188x+76,2273 y=0.0052x+11,6539 y==0,3991x+32,2973 ¥y=—0,6164x+33,4288 y=-0.0988x+4,6257
Rate of water ~0,3399 r=0,0838 r=0,6507 Iw0,2361 =0,8328
flow ¥=0,9065=10, 4834 y=0. h068x-10 0961 y=0.4959%=10,5376 , y=0.0613x+7.6396 y=0,1296x-6,4091
Turbidity ~0y5481 . r~=0,48 r=0,6017 . r~0, 1398 =0,7797
y=0,6016x+25,5133 y=0. 5016x+h 5132 y=0,2242x+12,4983 y=0,0170x+10,8525 ¥=0,0593x~4, 1357
Disaolved oxygen 1=0,6134 " r~0.4574 r=0,6426 ~0,4628 r=0,6222
Y~14.2657%=78,1027 y=7.0597x~46.9786 y=5,2754x-26,0206 ¥=1,2955x+0.0341 = 1,04 34x=T, 4844
pH r=0,0628 r=0,0028 re-0,0861 . r=0,3673 ~0,0493
y=b,4420x+18.4726 y=0,1354x+14,5887 y==2.2312x+ 35,6806 ¥=1.2657x+3, 3033 y=0,2611x-7.4157
Cabon dioxdde r=-0,0081 r=-0,2401 ~0,3121 r=-0,2034 =0,4404
: y=—3.3703x+60,7189  y=-0.6361x+38.8393 y=4, 3989x+4.5189 y=-0,9778x+ 15,0092 ¥=1,8439x-5,0190
Specific. x=0,4289 " r=0,4158 =0, 7905 =0, 1090 =0, 7883
conductivity ¥=1.1629x~0,0213 y=0,6314x-10, TO60 y=0,5579x-2,5664 ¥=0,0262x+10,4076 =0, 1136»-2 9828
Total alkalinity 1=-0,5259 r=-0,3948 -0, 7694 r=-0,1198 r=-0,8134
Y=—1.4305x+91.3728  y=—0,6694x+35,6604 y=-0,6939x+41.5668 y=-0,367x+12,6082 y==0.1438x+6,2634
Silicate r=0,3793 r=0,2057 r=0,6134" =0, 3739 r=0,8274 )
y=18.456620-17,0381  y=6.4396x-7.0872 y=10,21043-15, 1462 Y=2.1221x+4,0566 y=2,8132x-8, 1173
Phosphate ~0,3597 r=0,2472 r=0,5164 r=0,0369 =0, 7455
phosphorus y=40,0902c+14,59448  ym19,2034x+0, 3773 y=21,.3349x+3.8654 y=0,5206x+41,0906 y=6.2914x-3, 2045
Nitrate nitrogen r=0,1047 r=0,1018 . =0,4805 =0, 1467 ™~0,7853
Y=11.9213x+37, 7010  y=9,0426x+10, 7315 y=22.7008x+8. 7109 y=2,3634x+10,2352 Y=7.5783%=2.2412
Ammonia nitrogen 1r=0,0921 r=-0,2617 r-—0,0012 r~0,2028 r=-0,3626
. y=18,1916x+30,2730 y=-38, 38‘0”‘0.9683 y=-0,0933x+20.7359 Y=—5.3934x+7.4998 y=-5.7786x+2,5338
Caloium r=—0,4288 r==0,1704 r=-0,4365 r=-0,0589 r=-0, 7944
Y7, 1719x+ 79,5890 y-9.0231x053.1l¢13 y==12,5787x+ 73, 1411 y=~0,5662x+13,8621 y=—Ui4,5709x+20,8183
Magnesium ~=0,0742 r=-0,1256 r=0,2726 r=—-0,1553 r=0,5129
] y=l.3023x+39, 7306 y—i ,4610x+24 ,8049 ¥=5.1507x+9,9230 y—1 0071»13 5872 ¥y=1.9798x-2.3793
Chloride r~=0,5431 r=0,4332 r=0,6220 ~0,3153 r=0,7853
Y~67,8705x+5,5255 y=36.4552x=14,4540 y-24.9588_x*0.1592 M.B‘*?BX'*?.NJO .y=7.5783x-2,2412
Sod4 um r=—0,825% r=-0,8835 . r=-0,6601 r=—0,2566 r==0,4569
y==39,2902x+178, 7203 y==27.3146x¢r105,8661 y==10,7925x+56, 3718 'y~1.16311x*16.2351 y=—0,1392x+6.3573
Potasaium r=—0,5778 r=-0,6267 r=-0,6573 r~0,1078 ‘ 0,7357
y==32,4872c+156,3139 y=-22,3907x+94,7028' y=-12,4909x+63,1776  y=0,6984x+13,8769 y==2.855x+11,4699
Iron r=—0,4820 r=--0,4620 ~—0, 7059 =0, 1455 r--0,8287
y=—27.4229x+81,0883 y=14, 2620#32 2460 y=—11, 5900,«)1. 2752 y=-0,8145x12,4563 y=—2.7793x+5,0134
Oxidisable r=—0,6448 r=-0,7559 r=—0,450 r=-0,0967 r—~0,4522
organic matter y=—9.7990x+ 108, 3738 y=-=7.4387x+60,4115 Y2, 3601x*)‘0 9153 y==0, 7726x+12,3422 y=0.2376x+3.1848
Total phytoplank- re0,7242 r=0,5226 r=0, 7645 ~=0,0944 r=0,7126
ton y=0,1121x+6,4274 y=0,0694x-9.0212 ¥y=0,0540x+1,5882 y-0.0027x~10 6961 y=0,0102x-1,8825
Kyxophyceae ~0,6532 r=0.5893 r~0, 7681 r~0,2724 r=0, 7469
y=1,2141%=2, 1142 y=0.9956x-15, 1993 y=0. 6863x-0 4972 y=0,0827x+8.9488 y=0.1371x-2,4779
Chlorophyceae r=0,5427 r~0,4885 ~=0,6391 r=~0,5010 r=0,6514
y=0, 1345x+ 11,4567 y=0,0992x-3.6861 y=0.0691x+7.3173 y=0,0006x+ 11,4870 y=0.01435x-1,0274
Din eas r=0,2152 r=0,1216 ~0,6194 r=0,4218 ~0,7512
ophycea Y=1.4566xv 14,5279 y=0,4709x+ 11,9288 y=1,2753x+10,9936 y=0,0854x+ 10,8523 y=0,3159%~0, 6462
c 0,684 =0, 7024 r=0,6902 r=0, 1500 r~0.6996
nrysephycses y-0.567zxo17.a515 y=0.4995x-2,5241 ¥y=0,2610x%11.2471 y=0,0193x+10,8018 y=0,0541x-0,2004
0.21 0.4587 r=-0,0302 =0, 1403 r=-0, 1668
Rhodophycease ;10275’97#%.5273 ;'_2,17251”;@.051 y=—0.2021x+21,0816  y=0,1205x+11.7310  y=O. °858x*1 9287
=0, 0.4524 r~0, 7965 . ™=0,4976 ™~0,7
Bacoillariophyceae y-O.%Z%Zx—}.‘vZS‘l ;0 3269x=114 0721 y=O0. 3249x=4 . 2161 y-O 0275x+9., 3950 y=0, 06310)(-3. 1016
i ton 0,64 ™=0,5824 r=0,6214 r=0,0894 r=0,6629
Total zooplank ;1 11%?1x-13.2h°7 =089 30x~28.927b y=0.5067x~4.5463 . y=0, 0243x~10, 2622 ¥=0.1104x-3, 7439
0, 1022 0, 0969 ~0,0729 r~0,0974 =0,2336 .
Protozon O 0SA3t2,4567 Ym0, 0359+ 16,6933 v-°-1358r'17-'~398 y=-0,0619x+12,9712  y=0.0889x-0,3616
0,6456 r=0,7410 ~0,77 r=0,2338 ~0,7712
Rotifera ;5,3245,,.7,1.232 ¥=3,509x-23, 3962 y=t. 9hszx-o 8929 . y=0,2000x+9.2738 ¥=0,3962x~2,6413
0 0,5 r~0,5106 0,492 =0,4865 r=0,3198
stracoda it 27,,6,,9,21.,2 Y=9.4766x-8.9813 y=b. 835848, 1121 ¥=1,4018x+7,8785 y=0, 6448x+0, 0841
0, r=0.6214 ~=0,6665 r=0,0923 r~0,7593
Gopepoda OISk 1,662 ped. 4392um1.THS y=1.4031x+ 10,8452 V"° °653=°'" 0357 y=0.3265x-0.5337
‘ 0. 3504 . r=0,2572 0, 0848 re==0,0581
Gladooera &'B:g%l:;x#ﬁ.zh}\ ;).3379::-2.622.4 ¥y=1.3265x+13.5918 y-0.0'1610x010.8692 y=—0.0612x*+2.0765
6224 r=0,3527 ~0.8112 10,4676 »=0,9107 ;
gg;:i:.:nmo ;:g.‘ogféxra.azsz 1. 31 7lonbo, T90M y=1.1601:1.3312 70, 169908, 673 _y-o.zzm-z.
r=0,5421 r=0.3985 r~0.7387 r=0, 4768 - £=0.8081
Honatoda Y‘S.zg72x°15.14232 v=3.7375x+0.8616 y=3.6349x+6,2338  y=3,0071x010,3221  y=O. 823“1:-1 479
4926 r=0.3381 r~0,6787 ~0,4016 : r=0,8023
Oligochasta P 3o e ake32.4256  yo5.hB51x1Q.5285  ye5.8517x+15.7837 ¥~ Iozswg.was . y-1.lnt.zx»o 571
oda =0, 7145 £=0,5335 r=0,8212 - r0.420 :
Deow y-7.;asax~s.-zlo5z ¥=5.7714x~9.0285 y=b. 7238x+0,5905 y=0, 6667::*8 6671 S ;::;»-5-0525
,B456 , r=0,7237 re=0, 7854 =0,7373 . .
Tnasota mo.sgzxozu.%bs y=8,16lk3x-27,2577  y=4,7010x-4,0137 y=1.5052x+3.5979 y-g-'eﬁi‘;r-z-wl
\ .
i 0, 4654 r=~0,2927 =0,6372 =0, 1218 =
Gustropoda y-u.sgswzs.zuw yom10 16200420, 2648 ¥=5.7521x+12.9984 - y=0.3731x+10,9998 y-1-‘~9§8=°-° 2496
r=—0 0307
re-0,321 r=-0,4511 .085 r=0,03% )
prii 3. 3aaxe5,8202  yeo6.2300x921,7500  yme0.0625x+20.7292  y=0.0533x10,5¥33  y=0.6252x+1.1232




119

e o

t

transparency, total alkalinity,vsodium, potassium, iron and
oxidisable organic matter content resulted into significantly
negative r-values (Table 16=-18),

11) Biotic variables: Total phytoplankton, zooplankton and
benthic organisms exhibited positively significant correlation:
and more particularly Myxophyta, Chlorophyta, Dinophyta,
Chrysophyta, Baccallariophyta; Rotifera,AOstracoda, Copepoda,
Nematoda, Oligochaeta, Decapoda, Insecta and Gastropoda groups.

IV. Population density (size groups, 50,1 = 70,0 mm) versus

i) Physico~chemical variables: Water temperature and
dissolved oxygen have shown significantly positive correlation

whereas the water transparency was significantly the negative,

ii) Biotic variables: Although total phytoplankton and
zooplankton revealed positive correlation but were not signifi-
cant while total benthic organism exhibited a significantly
positive r-values (Table 16-18), Chlorophyta, Baccillariophyta,
Ostracoda, Nématoda and Inéecta resulted categorically positive

significant r-values (Table 16-18).

V., Population density of ovigerous female versus _

i) Physico=-chemical variables: Rainfall, water temperaturs,
rate of waterflow, turbidity, dissolved oxygen, specific
conductivity, silicate, phosphate-phosphoraus, nitrateenitrogen.
magnesium and chloride concentration exhibited significantly

positive correlations while. water transpgrency, total alkalinit:,
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sodium, potassium, iron and also exidisable organic matter

content have shown significantly negative r-values (Table 16-18),

1i) Biotic variables: Correlations with total phytoplank-
ton, zooplankton and benthic organisms resulted significantly
positive r-valuesvand more categorically with Myxophyta,
Chlorophyta, Dinophyta, Chrysophyta, Baccillariophyta, Rotifera,
Copepoda, Nematoda, Jligochaeta, Decapoda, Insecta and

Gagtropoda groups.



5. DISCUSSION
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There are a number of environmental properties which
in various ways make up the ecological factors of the local
macrohabitat. To understand the ecology of fresh water hill
stream prawns and the intérpretation of dats at ncpulation
level in lotic system is often a complex task because of the
multitude of both abiotic and biotic factors which contrcl the
population and the extent to which these factors operate differ
considerably from one region to another, Shifting (jhum)
cultivation which is the predominant form of agricultural
practice among the local people involves ciear cutting of
forest, followed by burning of the slash and cultivation on
steep slopes, affects the amount of water passing through to
the sub-soil; dissolved substances and partiéulate matter being
extensively lost through run off, and also owing to blow off
ash from the burnt site due to strong wind (Toky and
Ramakrishnan, 1981 a & b), This creates a direct instability
of the abiotic parameters and an indirect transitional state of
the aqua-system as a whole and are the part of stresses to
which biotic group of this region are usually subjected. The
rate of metabolism of invertabrates is influenced by a wide
variety of environmental stimuli (Nelson et al., 1977){. It is
the nature of these physiological responses to environmental
vfactors which Will determine the biological fitness of
individuals of a population and which will ultimately define
the distributional limits of the species. The collective

enviroimental limifs'imposed by these responses determine the
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environmental and biotic factors circumscribe the N~dimensional

realized niche as defined by Hutchinson (1958).

The horizontal and longitudinal distribution among thé
stream animals are closely related as most taxa select a micro
habitat by optimizing the complex of local factors determining
niche while being restricted to a physically distinct zone
either by inability to tolerate extremes of one or a combination
of those factors as they change with location. Examination of
the physiological responses of indif¥iduals to specific
environmental regimes allows the delineation of casual relation-

ships underlying the distribution of a species (Fry, 1947).

Temperature and altitude difference are considered by
many authers to account for most longitudinal and successional
distribution patterns (Ide, 1935; Sprules, 1947; Schmitz, 1954;
Macan, 1958, 1961, 1962; Illies; 1961; Minckley, 1963; Kamler,
1967; Minshall and Kuchne, 1969; Hynes, 1970). The general
climatic condition of Umshing area do show some unigueness and
being different in many respect from that of Pongtung area,
Thus, the vegetational composition is also guite different,
former being dominated by.the conifer, Pinus kesiya and major
portion of allochthonous input into the stream through leaf
fall, from the various shrubs and grasses like Eupatorium spp.,
QQESE Sp.y Cyperus sp., Rotella sp. etc, while later being

dominated by the broad l=af, Artocarpus sp., EBugenia sp., Ficus

spe. and the leaf fall from the various shrubs and grasses like

Quercus spe, Glochidion sp., Saccharum sp., Panicum sp. etc,
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(Table 1)

- Table 2 shows the various macrophytes including mosses
of Umshing and Pongtung streams. A notable feature about these
plant communities is that they do not occur everywhere., Their
decay provides soil=-building material and they trap silt and
build up mud banks (Hynes, 1974). These macrophytes might
contribute to some extent to the fluctuations of the physico-
chemical conditions of the streams (Nasar and Datta Munshi,
1974), The Umshing stream supported comparatively lesser
number'of macrophytes which needs to be explained. It has been
found that pH is generally low resulting in acidic medium with
low buffering capacity., Further, the allelopathic effects of
the conirferous vegetation on other plants are well known (Berg
et al.,, 1980). At Umshing area, air temperature shows
considerable fluctuation through falling within a lower range
as comparable to Pongtung area where higher temperature values
are noted throughout the year (Figs. 3 & 4). This may be
affected by the altitudinal difference of the study areas
(Hynes, 1970).

High rainfall and steep gradienf in the course of the
streams result in periodic spates which also facilitate the
filling up of the accessory habitat for the principal breeding
prawn populations., The significant positive relationship
between breeding group and rainfall is due to a chain of events

as Rajayalakshmi (198Ge) also reported for Macrobrachium
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malcolmsonii, The steep relief of the upper area might have
been expected to promote more rapid run-off than the gentle
slopes of the low land area, but this factor appeared to be
encountered by the effects of vegetation-cover on the water
retention capacity. Many workers (Hodver, 19445 Delfs, 1956;
Rutter, 1958; Bullard, 1965; Bimns, 1969; Gray and Edington,
1969; Bochkov, 1970; Likens et al., 1970) have discussed the
problems of increased run-off from areas where natural cover
has been removed, The rainfall in the upper reaches conse=
quently results rise in water level and also increase in
dissolved oxygen and dilution of nutrients to an optimum leyel,
This could be attributed to their significant positive rela- |
tionéhip with the prawn population, Sometime, due to heavy
precipitation, the primary productivity of the lotic system
decreases and consequentiy the system looses the capability of
supporting proportionate quantities of seCondary producers,
This could be attributed to the negative relationship with

post-mature group of M. hendersoni cacharensis., As Goswami et

al. (1983b)reported in M, hendersoni cacharensis that the

Juveniles are having higher ecological amplitude in terms of
their oxygen requirements; the positive relationship with

rainfall (Table 13-18) could be explained in the same way.

In aguatic ecosystems, temperature is generally
considered to be the major environmental properties which limit
the distribution of invertebrates (George, 1969; Kinne, 1971),

Variations in water temperature during and following rain are
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slighf. The cooling effects Of:intense rain and increased
heat loss to wind in suface layer are quickly disaipated by
furbulence, Elevation of the mean water tempefature of the
stream by 0,5 = 1,5°C because of surface run-off occurred on
several occasions, when the shower was short and intense and
followed a day of sunshine, These increases were transitory
as ldsses to the relativeiy cooler air soon modified their
effect (BishOp, 1973), The major factors affecting stream
temperature by the difference between~the warming effects of
radiation,‘absorption and the cooling effeét of the air
(Ricker, 1934) and for tropical stream in particular, the type
of substrate (iifhological) and degree of exposure to direct
sunlight (Geijskes, i94é). This could be attributed to the
frequently observed higher water temperature than the air

Temperature in Pongtung stream,

Each organism has a maximum and a minimum environmental
temperature between which life is possible but beyond which
conditions are lethal (Letmkuhl, 1979). Even for individual
s ecies, these temperature limits are not absolutely fixed,
since they may vary with different individuals, with different
sexes, with different life history‘stages, with different
physiological states, and in different parts of the geographical
range (Lakshmi et al., 1978; Venkatachari and Ambore, 1979).
Macrobrachium rosenberg;i is found in habitats of about 25°C in
Malaya (Johnson, 1967) and from 27 to 34°C in India (John,
1957§vRao; 1967). In the present study, fbr_ﬂ. hendersoni

hendersoni, the water temperature range recordéd, is 10 ﬁd'19?C
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while for M. hendersoni cacharensgis is 17 to 32°C,

M, hendersoni cacharensis revealed a distinct temperature
dependent situation (Tables 16-18) but in M., hendersoni
hendersoni, for the juvenile group, it did not show to a
significant extent, This could be an advance step by this

- population in order to adapt themselves to‘a newly invaded
ecological set up. Statistically significant correlations bf
the population density with water temperature also reflacts
their seasonal abundance (Truesdale and Mermilliod, 1979).
Dugan et al. (1975) repoftgd/moulting cycle occurred more
frequently in Palaemon paucidens at high temperature while
even increaéed photo-period did not affect the intermoult
duration, The reproductive cycle in M, australiense was found
to be more sensitive to changes in water temperaturé than to

~ other environmental factors (Lee and Fielder, 1981).

One of the most obvious and familiar properties of
water is its trangparency, Natural waters manifest great
differences in the degree to which sunlight can illuminate
them, Many natural water as also noted in the present study,
show seasonal and irregular variations, due to several possiovi:
causes viz. intensity of illumination at the surface, angle of
contact of light with surface, dissolved materials, suspended
solids etc. (Welch, 1952). In certain turbid lotic system,
the decrease of light by suspended silt is in excess of 90% in
the first 25 mm of water depth (Welch, 1952). These also
explain the difference in the transparency valueé in Umshing

and Pontung stream, Light exerts a very profound influence



upon a whole series of biological phenomenon in water, Most

species of Macrobrachium are reported to be nocturnal in habits

(Patwardan, 1937; Ling, 1969), In the present study, it was
also noted for M, hendersoni hendersoni and M., hendersoni
cacharensis and in fact they also exhibited a significant

re gative correlation with transparency values (Tables 13=~18).
The prawn population are found to be sensitive to the higher
intensities of sunlight and usually avoid them during day
hours by seeking shelter under boulders having algal "moss
back" or under the shade of aquatic macrophytes. The insigni-
ficant role of transparency with juvenile population reflects
their incomplete growth stage where pigmentation, hardening of
chitinous coverings, gonodal maturations etc. are still in

- progress as Wickens (197&) while working with P, serratus
reported that the growth and development of larvae was

inhibited by long periods of darkness.

Rate of water flow is dependent on drainage gradient,
rain fall conditions, depths and an additional complication is
the drag effect of high siit load (Bishop, 1973). The depen-
dence of suspended and bed loads on current velocity has been
summarised by Einsele (1960), Douglas (1969) demonstrated
that in spite of high precipitation levels in the tropics
denudation may proceed more slowly than in areas with great
rainfall fluctuation, The main cause for this is the
protection given to the soils by plant cover and the.

stabilizing effect of roots and leaf litter., According wu a
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time=worn statement, the lotic fauna is composed typically of
animals whose dissolved oxygen demand is such that it can be
fulfilled only by the highly oxygenated waters of the stream

(Hynes, 1970), In M. hendersoni cacharensis, the actively

breeding populations exhibited sigﬁificant dependency on the
rate of water flow which probably reflects their metabolic
state but in M. hendersoni hendersoni in spite of actively
breeding population, even the total population'also shows
dependency. This could be explained as a process of adaptation
rather than éhort term physiological responses to the
oscillation in the rate of water flow. In Pongtung stream,
the current conditions at large vary from turbulant rapids to
those in which the rate of water flow is virtually impercepti-
ble, exhibiting all intergrades from the very swift rushing
waters in narrow channels to,the situations which are apparen-
tly lenthic and this was reflected in terms of their Jjust
positive relationship with total density, Jjuvenile and post

mature group of M. hendersoni cacharensis (Tables 16~18).

Turbidity is a condition of water resulting from the
presence of suspended matters, In common parlance, water is
@urbid only when‘its loéd of sﬁspended matters is conspicuous,
but as a matter of fact, all natural water contains suspended
materials, and, therefore all are turbid Welch, 1952).
Differences in.turbidity of Umshing and Pongtung stream could
be attributed to the geomorphology of the stream bed and élso
to the rate of water flow (Welch, 1952§ Bishop, 1373). Douglaé
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(1969) also reported that erosivevbreeess which}resdlts in
turbidity takes place in two forms under tropical forest'

sub~ surface flow through the weathered soil mantle and

surface run-off, The former is more prominant in the stable
undisturbed forest on steep slopes and is responsible for much
of the dissolved loads derived from the parent lithology and
its soil cap, In addition,;;t cerries the finer clay particles
down through the interstitiel.spaoes of the labger sand
particles, Surface run-off is alse'a factor in the forest and
becomes increasingly . more importent as ground cover is removed.,
The chief erosional agents as found in Umshing stream are
chemical weathering that causes the break down of most
lithologies to sand sized oartlcle w1th the release of
dissolved salts, partlcularlv 51llca to the ground water and
the intense rainfall in short lnterval loosens and carries
large suspended load to the mouth part of the Umlam river,
These high sediment loads affect shannel capaeity'in:the lower
courses and more flooding is indicated. Bishop (1973) reported
for Gombak river that the similar typical situation might have
both direct and indirect effects on the faunal compositien.'lt
is noted in the present study that-due to flood, all the
depressions around the main stream gets filled with water and
with course sand and small gravels a speoial bottom condition
is made sujtable for the actively Breeding_prawn population,
Due»to turbidity and running oondition of watef; the juvenilé,
mature‘and also the berried prawu‘population maintain them~

selves hidden and consequently get rid of pfedatdrs as well as
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from the cannibalistic attitude of their post-mature group
(Ling, 1969; VWickens, 1972, This is why, probably, the
correlation value recorded insignificant and even to the
extent of negative with the post-mature prawn population

(Tables 13-18).

Many animals, notably many invertebrates can live only
in well-aerated water, but it is not the aétual amount of
dissolved oxygen which matters so much as the percentage
saturation (Hynes, 1974). Oxygen is not very soluble in
water, and its solubility dependé on the temperature
(Stephenson and Knight, 1981). In a swift upland stream the
movement and turbulence of the water rapidly replenishes any
oxygen used and the water remains saturated. According to
Welch (1952): the important factors which have to do with the
level of dissolved oxygen concentration in lotic system are:

- character of stream flow, slope of channel, temperature,
release by chlorophyll-bearing plants, oxygen consumed in
respiration of the biota and oxygen consumed in the degay of
organic degposits on the bottom. These factors also could bhe
-attributed to the difference in oxygen concentration of Umshing
and Pongtung streams. Many Qorkers (Berg, 1952 Eriksén, 1064
Konstantinov, 4971) investigated the relation of the oxygen
consumption to the oxygen concentration of the habitat and
tried to correlate the results to thé natural distribution of
the aquatic animals, Goswami gt al. (1983b) reported that the

most optimum dissolved oxygen level for M. hendersgni
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cacharensis from Pongtung stream condition to be 9,5 = 10,0 mg/l,
This condition of the water is noted during May-July and also

in September for Pongtung stream. However, the higher oxygen
values throughout the year, is an added advantage for

M. hendersoni hendersoni in Umshing stream as they are also
highly dependent on dissolved oxygen concentration (Table 13-15),

The juvenile of M. hendersoni cacharensigs can withstand

comparatively more fluctuation in the oxvgen concentration

(Goswami gt al., 1983a).

Each organism has its toleration range of pH terminated
by a maximum and minimum, and possess an optimum at some
inte:mediate'position (Welch, 1952). Knowledge concerning the
limiting effeots of pH is in a very unsatisfactory state. In
a sense that every species has some where its extremes of
tolerance of acidity and alkalinity (Prosser and Brown, 1961),
The literature contains numerous positive contentions that pH
is an important limiting factor for certain organism, The same
conception is noted in the present study for both

M. hendersoni hendersoni and M. hendersoni cacharensis (Tables

13=-18). In addition to the possible direct action of pH as a
factor, it may also serve as. an index of certain exigting
conditions in water., For example, the proper.determination of
pH may in addition to give a measure of the concentration of
the ionised hydrogen, yield indirect information on the free
carbon dioxide, alkaiinity, dissolved oxygen, organic loads,
dissolved solid contents etc, (Welch, 1952). Ling'(1963)

reported the pH range of 7.0 to 8.0 being most suitable for
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M. rosenbergii. Truesdale and Mermilliod (1979) recorded the
pH range of 6.20 to 8,40 for the riverine prawn, M. ohione.

In the present study for M, hendersoni hendersoni the pH range

of 5,7 to 7.3 and for M. hendersoni cacharensis the range being

5.8 to 7.5, is noted in their natural habitat. During the

actively breeding season, the pH range for M. hendersoni

hendersoni varies in the range of 5.7 to 7.0 and in the case of
M. hendffsoni cacharensis in the range of 6.20 to 7.05, This
reveals their leaning towards the acidic range of pH. Hynes
(1974) reported that when water flows from non-calcaredous
rocks, such as slates, or granite, Qery little calcium is
present in solution; the water is therefore, soft and may be
acidic, Acidity occurs ﬁarticplarly where the landscape is
peaty because the water is quite unbuffered, the acids added
from the peat are not neutralised and in physico-chemical ferm
the pH is lowered. Welch (1952) noted ground water seepages
and springs at the base of the foot hills had pH values as low
as 5,0 so that partial neutralization of such contribution much
occurs further, All these causal aspects could be attributed

to the pH differences in Umshing and Pongtung streams.

The free carbon dioxide concentration which exhibits
negative correlation with both M. hendersoni hendersoni and

- M. hendersoni cacharensis population depends on the interaction

of the various biotic and abiotic variables of the system,
King and Heath (1967) have shown that the leaching of newly
fallen litter of deciduous trees has great effects in

accelerating litter break down through increased palatability
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to the nearby soil organlsms, They attfibutad-this effect to
the removal of pélyphenols from the leaves by leaching. Kowal
(1969) reported the importance of leaching and fungal inhibi=
tion to pine needle decomposition. Ricker (1937) explained
that carbon dioxide concentration is also interdependent on
lithology and soil type, rate of water flow, temperature,
oxygen concentration, type of floral and faunal cohposition in

the waterbody etc,

Specific conductivity data indicated the ionic condi-
tion of both the streams. Seasonal differences at each station
is caused mainly by variations in the ionic composition of the-
precipitation and the diluting effects of large volumes of rain
(Welch, 1952; Sioli, 1969 and Likens et al., 1970). Slack&Feltz
(1968) recorded higher conductivity and drop in pH as a result
of increased leachate from fallen leaves, A similar situation
and B

is noted at the station A which also accounted for higher

1 1
higher conductivity values than'remaining respective stations.
Truesdale and Mermilliod (1979) reported the specific
conductivity varying in the range of 250.0 to 470.0 umhos/cm in

the natural habitat of the riverine prawn, Macrobrachium ohionc.

In the present study, for M. hendersoni hendersoni and

M, hendersoni cacharensis, the conductivity value noted, are

comparatively low varying in the range of 17.0 to 68.2 umho/cm
(Fig. 15); During the breeding season it varies from 48,0 to
65,8 amho/cm in Umshing stream and 40,6 to 62.6 umho/cm in
Pongtung stream and this higher requirement for conductivity in

comparison to the rest of the year reflaected through their
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significantly positive correlations with actively breeding
populations., At the staéion AB’ a comparatively low conductivity
values (17.0 - 33.2 umho/cm) during the first annual cycle
adversely affected the ovigerous population of M. hendersoni

hendersoni (Fig., 36), as also reflected in their 'r' values

(Table 13=15).

Weak acids and weak bases have greater buffer action in
preventing rapid changes in pH because of the fact that the
initial ionization is low. Water containing 1arg§ amounts of
dissolved matters are most likely to show high buffer effects,
while low buffer effect is to be expected in waters very low in
dissolved materials or rather organic colloids (Kleerekoper,
1955). This could be attributed to the higher alkalinity values
at stations Az and B;.  Johonson (1967) showed that for many
local waters, no direct correlation between alkalinity and
calcium content exists based on the fact that the pH buffering
system also beudependent on silica concentfations. The data on
alkalinity show cohsiderable variable with time probably as a
result of dilution during periods of high rain and high flow
just prior to the sampling date as also reported by Hynes (1970)
and Bishop (1973) for some other lotic system. Total alkalinity
values are low compared to many fresh waters, but are similar to
those reported from some areas of the Amazon basin (Marlier, 1954}
and the Sai Buri River (Kobayashi, 1959). Total alkalinity of
the medium has shown highly negative role in térms of prawn
population density (Tables 13=18), showing thereby that higher

the alkalinity lesser the population., Similarly basic ions
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present like calcium, sodium, potassium, iron, ammonium, etc,

have been shown negative effects and is discussed separately.

Natural waters commonly contain silicon dioxide in some
form of soluble silicate and silica may also exist in certain
waters in colloidal form (Welch, 1952)., The high mohility of
silica from igneous rock has been described by Kobayashi (1969)
for Japanese river system, The primary products of silicate
hydrolysis have different solubilities, the bases‘being much
more soluble. These highly mobile products are, therefore,
preferentially lost to the drainage water, leaving the acid
hydrolystate.l This is also responsible for the partial
explanation for the near neutral pH of water in certain months
(Bishop, 1973). The differences in the silica concentration in
Umshing and Pongtung streams could be attributed to the
lithological differences (Wang and Evans, 1969) and run=~off
(Dduglas, 1969), Hobbs and Hall Jr. (1974) explained the role

of silica and siltation in Procambarus acutigsimus and

established their positive relationship although some earlier
workers thought of their detrimental status. Data of the
present study reveal that silicate plays a significant positive
role for the actively breeding prawn population. Probably,

silica plays some important role in their breeding physiologys

The low phosphate-phosphorous values reveals that the
most free phosphate was quickly taken up by the expanded root -
to the macro-vegetation of the bank side (Kemp, 1968) and by the

aquatic macrophytes as well as algal crop. In additiom, it also
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reflects the allochthonous input (Andrews and Minshall, 1979) . The
role of phosphate-phosphorous in limuological study 1s well
documented (Stewart and Rohlich, 1967; Vollenweider, 1968; )
Shanon and Brezonick, 1972; Golterman, 1975). The amount of
phosphate-phosphorous in natural water is small and since
phytoplankton requires an adequate supply of phosphate-phospho-
rous, it is now generally regarded as a limiting factor

(Shanon and Brezonick, 1972). The positive correlation of
prawn population and phosphate-phosphorous could be an indirect
net work of 'prawn population and phytoplankton relationship!

or could be the direct buffering machanism by them to maintain
a suitable pH range for the actively breeding population, The
dissolved nitrogen compounds in water do not originate from

bed rock materials under the wet conditions of tropical rain
forest (Bishop, 1973); rather they result from biological
processes that also determine their formation (Klinge and Ohle,
1964), Usually the nitrogen richness in water is also
attributed to animal ofigin. The phenomenoﬁ is emphasized by
the fact that dead organic matter deoémposes in water to form
complex protein that get converted to nitrogenous organic matter
and finally into‘nitrates by bacterial activity (Zd@ér, 1964) ,
Some of the nitrate and probably most of the ammonia were
derived from the rain, presumably from intense electrical
activity, but the remainder likely had botanical origin (Bishop,
1973). A comsiderable development of blue green algae was
evident (Table 3) and these are undoubtedly associated with

nitrogen fixing bacteria, These florestic elements must
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continually contribute considerable concentrations of nitrate-
nitrogen by 'trickling fertilization' (Klinge and Ohle, 1964)
but specially during the periods of heavy rain other possible
sources are directly leaching from plants (Nye, 1961) or from
fallen leaves in the stream which give up some nitrogen as
leachate immediately after entering the water (Hynes and
Kaushlk, 1969). The significant positive correlation (Tables
13-18) of nitrate-nitrogen with actively breeding prawn popula-
tlon could be explained in the light of thelr conductivity
relationship as free nitrate radicals also known to boasht up

the conductivity values.

Ammonia is the principal excretory product of Crustacea
(Hartenstein, 1970; Hochachka and Somero, 1973; Kinne, 1976) and
its modes of toxicity as well as concentrations lethal to
variety 6f organisms have well documented (Warren, 1962;
Campbell, 1973). In aguatic habitat, organisms rely on rapid
diffusion of NHgy acroés tbe.gill membrane (Fromm and Gillete,
1968) or exchange transport of NH4+ with Na' (Maetz and
Garcia-Romeu, 1964; Campbell, 1973; Mangum and Towle, 1977) to
avoid themselves of this toxicant. As external NH; concentra-
tion increases, the rate of diffusion outward from an animal
decreases and toxcity ensures when tolerable body loads are
exceeded, Consequently, the toxicity of ammonia to aquatic

organisms is generally credited to the NH, molecule (Ellis,

3
1937; Wuhrmann and Workers, 1948; Downing and Merkens, 1955;

Spotte, 1970; Hampson, 1976), despite the evidence that NHL;L
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adversely affects some physioldgical funcfiéns,(Shaw, 19603
Maetz, 19723 Campbell, 1973), This also could be attributed

to the‘negatively shown correlation co-efficient values of all

the size groups of both M. hendersoni hendersoni and

M. hendersdni cacharensis. The chemistry of ammonia in solution
has been discussed by Whitefield (1974) and Colt and
Tchobanoglous (1976). The proportion of total ammonia existing

as NH, is dependent on temperature and ionic strength of the

3
medium but primarily on the pH of the solution (Warren, 1962;
Truesséll, 1972; Skarheim, 1973; Whitefield, 1974). Calculations
by these authors show that the NH3 increases as pH rises, In
the present study, monthly iJata on ammbnia—nitrogen and pH
values also reveals similar conception. Armstrong et al.(1978)
reported that in M. rosenbergii toxicity of ammonia was not only
due solely to the ammonia molecﬁle. In solutions of different
pH and equal NH3 concentrations, survival was greatly reduced as

NH4+ levels increased and they also concluded that ammonia will

not pose a substantial threat in adequately managed system,

The differences in the concentration of calcium and
magnesium of Umshing and Pongtung streams could bé attributed
to their lithological set-up (Gorbet, 1964) and the décomposing
leaf leachates may also add to some extent (Thomas, 1970),
Under William's (1964) classification (following Ohle, 1934),
waters with less than 2,5 mg/l of calcium are considered
eXtremely poor, Johnson (1967) found that most Southern Malaya
waters fell iﬁto fhié category and some had calcium concentra-

tions an order of magnitude lower than the minimum 0,10 mg/l,
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The rivers studied in Tahiland by Kobayashi (1959) generally
had higher calcium concentration (mean 20 mg/l.) and did not
support any prawn population. But, in southern most Malaya .
Peninsular stream, he recorded a mean of 1.9 mg/l and also two.
species of Macrobrachium was found to be abundant. The extreme
values of calcium and magnhesium concentration at the station AE
during the first annual cycle can be attributed to the "impact
of jhum cultivation" at the bankside (Fig, 6¢) and heavy run-
off during the rain (Ramakrishnan and Toky, 1981). Sources of
calcium for post-molt <caleification of the exoskeleton in
crustacea include: 1) free-ionic calcium in the water, 2)

2) calcium in food, and 3) stored body calcium available from
blood, hepatopancreas and gastroliths (Travis, 1965; Huner et
al., 1978). Ryhamen (1962) felt that gastroliths and other
body source of calcium served the function of initial hardener

for mouth parts to permit, Astacus astacus to feed and thereby

obtain calcium from its food. Data from the present sifudy
reveal that during the breeding seasan (April=-September),
calcium concentrations was diluted to an average of 2.15 mg/l
and 3,48 mg/l at Umshing and Pongtung stream respectively,
Huner et al. (1978) reported that the presence of excess

dissolved calcium in the surrounding nedium did not increase

the uptake of calcium in Procambérug clarkii, This also could
be attributed to the negative r-values noted for both

M. hendersoni hendersoni and M. hendersoni cacharensis .

Nduku and Harrison {1976) rightly commented "most life history

disturbances result from excess nutrients and ions rather than
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ingufficiencies™". Magnesium concentration exhibited mean
dilution of 1.13 mg/l and 2.07 mg/l during April-September
reflecting thereby the optimum values for the actively breeding
population, In berried females, the pleopods showed constant
movements and this frequency of movement increases as the time
for hateching becomes nearer (Sharma and Tiwari, 1978). The

role of magnesium as.an essential co-factor in the locomotory
physiology of certain animals have been studied (Prosser, 1973),
Martin (1976) reported magnesium to be the essential for laying

eggs in Cancer irroratus.

The summer peaks of chloride concentration are generally
associated with high discharge, high temperature, higher.
evaporation rate (Hanes et al., 1970; Kunkle, 1972;wéﬁigﬁ;ﬂ;§;g)
and the winter peak,is associated with low rainfall and
‘disoga;ge_(B;shop[.1973). . Both Umshing and,Pngtung streams
‘exhibited lesser éhloride5qoncentratiqn as reported by Bishop,
1973 for Gombak n;ver,(§:1awmg/l)(wh;pqualso supported four

species of\Macrobrachium,?_lnhthe present study, the acid .

radicals irrespective of the nature of ions have shown positive
ngfects and aLso>to‘th¢ leveliqﬁAsign;figant in some cases
(Table 13-18). The chloride content exhihited positively .
;signifiéént role,__The genus,Macnobrachium ‘had marine gfig;n
IClearl, 1955) and are. ctlll in the process of adapting
themselves to the newly invaded inland conditions and the key
role of chloride:alsc appears to ‘support-the same. However,

sodium ion present in the medium.is much higher in-proportion
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to chloride ion., It has been reported that Na' is bound as it
passes through the soil but cl” idns pass freely to the water
table (Huchinson, 1970; Van de Voorde gt al., 1973)s The |
sodium and potassium concentration in the stream water are
related to accumulation of mineralisation product (as reflected
from their lithological set up), soil leachates (Bishop, 1973)
and run-off (Toky and Ramakrishnan,1981a.b).lt may be worthe -

~while noting here that Dendrocalamus hamiltonii which comprise
a part of the bank side vegetation (Table 1), is a heavy

accumulator of potassium (Toky and Ramakrishnan, 1982 a & b).

Toky and Ramakrishnan (1981é)reported that subsequent
to slash and burn of the foresteq fallow and during shifting
agriculture (Jhum) in the North~Egstern Hill areas of India,
the system loses much of its éapacity to hold soil nutrients.
Various losses occur through wind blow of ash and also through
run-off, The chemistry of the ash and the amounts of run~off
and percolation Water, are related to the length of the jhum
cycle, owing tb the type of vegetation that is slashed and
burnt, On the bank side of the station Az, a similar situation

was observed and consequently during the first annual cycle

+ +

(January-December, 1979), the nutrient level (Ca™", Mg' ', K',
Na', NOB_’ POA- etc,) exhibited comparatively their higher
values., Both Umshing and Pongtung streams have shown relatively
higher sodium and potassium concentration than their probable
acid radical concentrations., Probably, they exist in some
complex form and perhaps also these ions might have exceeded

the optimum concentration limit. This could be attributed to
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their negati&e correlations with both M. hendersoni hendersoni
and M, hendersoni cacharensis (Tables 15=18). During rainy
season, the dilution factor could provide an optimum condition
for the prawn population which was reflected by their high
population densities (Figs. 34-39).

- The fluctuation in iron content reveals primarily the
discharge pattern (Bishop, 1973). The immobility of iron in
tropical soils has been discussed by Richards (1957), Sioli
(19688)and unless considerable concentrations of electrolytes
and humic colloids are present (Shapiro, 1966), these eiements
tend to remain static as sesqui-oxides in the lotosol soils,
Low iron concentrations were detectable throughout the sampllng
perlod. In water-logged accumulations of leaf detrltus and
humus, where decomposition may produce anaerobic condltlons,
iron is reduced and solubilized (Bishop, 1973). In Umshing
stream,-where éand bérs wére constantly being shifted and some
pyritic material was available from the local schist formation
and accounted for the higher iron concentration than Pongtung
stream (Bishop, 1973). During April-October, the iron
concentration were diluted to an average of 1.38 mg/l and 0,78
mg/l in Umshing and Pongtung streams respectively and this was
reflected in their correlation co-efficients (Tables 13=18).

That is, M, hendersoni hendersoni and M. hendersoni cacharensis

grow better in the medium of low iron concentration.

High values of oxidisable organic matter noticed during

winter and spring presumably due to reduced precipitation and
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water-logged condition which gets diluted or rather washed off
with the commencement of rainy season. Oxidisable organic
matter exhibits higher values of biological oxygen demand
(Bishop, 1973) and this also could be attributed to their
significantly negative role with both M. hendersoni hendersoni
and M. hendersoni cacharensis which are also dependent on
dissolved oxygen concentration, Seki et al.,{(1969) and Hynes
(1970) reported that leachates from leaves contribute
considerable concentrations of inorganic and organic materials
to the water (10-25% of initial dry weight in the first three
days). These dissolved fractions are particularly important in
the impoverished wate}s found in tropical streams and there is
growing evidence that these nutrients are rapidly incorporated
elther de novo through physical phenomena or py microbial

flocculation actively, into particulate organic components,

The'characteristic algae of swift streams are those
possessing  the so called hold fast cells or other structures
which make it possible for them to adhere to various kinds of
sqpports on the botfom and to remain there in the face of¢
strong current'(Tiffany, 1938) . So far és is known, all
natural waters, irrespective of latitude, altitude and physico=-
chemical charactérs, are in the vast majority of instances,
normal‘SUPporters of plankton although' they may differ in many
respects (Welch, 1952). The records (Table 3) of various |
epilethic, epiphytic and epipeli¢ alga in the present study is

found to be common with those noted for the Gombak river by
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Bishop (1973). Table 3 shows the record of ten genera of
‘Myxophyceae, twenty one genera of Chlorophyceae, two genera of
Dinophyceae, eight genera of Chrysophyceae, three genera of
Rhodophyceae and seventeen genera of BaccillariophycCeaes
However, it is suspected that few members of phytoplankton
could possibly be omitted in our records because of their
periodic occurrence, So, these stream systems nevertheless

seem to be poor in diversity as compared to other tropical or
sub=-tropical streams or small rivers (Hynes, 1970)., High
turbidity hinder light penettafion, but at shallow depth, this
is not a notable factor (Bishop, 1973) as also reflected from
the nbted florestic composition of the present study. However,
in these reaches, whenever a stable substrate eroded.clean of
deposited material is found, substantial epilithic and

epiphytic growth occurs and during modal periods, a considerable
transient epipelib-community often develops. Presence of
Cynaophytes and diatoms like Nitééchia indicates possible
enrichment (Bishop, 1973), although the over—all dominance of
Chlorophytes in the algal community is indicative of oligotrophy
which agrees with ofhervworkers (Patrick, 1957; Cushing, 1964;
Hynes, 1970). During spring months brown mat of diatom and
green patches of Chlorophytes*alwaysfdeveloped on all the stream
substates, As a whole, filamentous chlorophyceae viz.

Qedogonium, Spirogyra, Cladophora, Ulothrix were abundant to

some ~extent in these ‘stream systems compared to their
occassional presence in the river Gombak of Malayasia (Bishop,

1973), Steuer (1910) regarded the lotic plankton
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(Potamoplankton) as an ecological group of organisms
(biocoenose) living and breeding in running water and
consisting principally of diatoms like Melggirg, Synedrs,
Fragillaria so on which are also noted in the preséht'study
(Table 3 ). However, Steur commented that the lotic
plankton is not a special community of organisms adapted

exclusively for life in running water,

The significant positive correlations of ﬂ.Ahender§oni
hendersoni and M. hendersoni cacharensis with total
phytoplankton could probably reveals this key role in proper
maintainance of the optimum conditions for the prawn
population as Welch (1952) rightly commented that certain
phytoplankton can also modify a given ecological condition,
Fritsch (1929) and Minckley (1963) reported that the growth

of genus Phormidium was associated with high calcium concen=-

tration of the aguamedium, The density dependent relationship

of M, hendersoni hendersoni with particular reference to post

breeding group versus total phytoplankton highlights their
'food habit! rather than regulation by the "river continuum
concept" after Vannote gt al. (1980), Dense algal growths on
the exoskeleton were observed mostly among the male population

of both M. hendersoni hendersoni and M., hendersoni cacharensi.:

collected from their natural habitat., No females with epibior -
were observed either at this time (July-October, 1980) or
later, Prawns displaying this "moss back" condition were
© sluggish, poor in health and occassionally "blind" .{Goswami

et al., 1982, 1983c).
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Identification of the algal covering showed that it was
primarily consisted of chlorophytes (Qedogonium sp., Spirogyra
sp., Ulothrix sp,) with cyanophyte (Nostoc sp., and Lyngbya sp.),
the secondary dominant, In M, hendersond. cacharensis, this
infection was rather severe among the post mature group and
probably, this was reflected in their r-values, It was also
observed that, this algal association which leads to functional
"blindness" resulted in death due to bird predation as on
occassion heavily infested prawns could be seen in the boarder

areas of the stream even during day light hours.

It was seen that generally an oligotrophic agsemblage
of plankton was prevalent in the system. However, presence of
Scendesmus was also indicative of 'eutropic' state (Thapa,1981).

The replacement of Scendesmus during winter is attributed to

the fact that the seston is capable of releasing more nutrients
for the faster intrinsic growth rate of this group. Lemtnea

sp. and Batrachospermun sp. also occur during the sprihg.

Welch (1952) also reporﬁed these species from a turbulent rapid
hill stream but presence of these Rhodophytes does not have
positive bearings to the prawn population., Most of the
Dinophyta and Chrysophyta noted in the preseht study comply
-with the findings of Gupta (1980) from certain hill stream of
Meghalaya and the dependency of the prawn popuigtion (Table 13-
18) to the later group could probably highlights their food

relation.
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The iﬁfrinsic growth of Baccillariophyceae which also
possesses a seasonal trehd of fluctuation is similar to
Scendesmaceae, It is therefore,lpossible that the presence or
absence of particular species of phytoplankton in a habitat
could be attributed to the nutrient budget of the system |
(Margalef, 1958 & 1968). The increase in amplitude of the turn
over rates during the seasons could be explained by the altered
diversity of phytoplankton population and by decrease of total
biomass (Javarnicky and Komarkava, 1973), The aspect of
'productive system' could possibly be extended to the present
streams as it is very well documented that green algae and
diatoms are more efficient producers than blue green algae and
dinoflagellates (Findenegy, 1965 and Pyrina, 1966). Lellak
(1965) rightly stated that absence of these producer group may
create a vacoum in the food-web link which will reduce the
population size of the consumer group including the benthic
fauna, This type of dependency is also clear in the present

study (Table 13-18) for both M. hendersoni hendersoni and

M, hendersoni cacharensis., The critical environmental factors

precipitating species~specific period of maximum growth and
reduction are important to a total understanding of phytoplark-
ton succession (Dozier and Beuchamp, 1978). It is therefore,
felt that the field rhythms as observed in the present study
could probably be a compromise between forced oscillations in
the enviromment and an inherent rhythmicity in the potential of

the organism (Enright, 1970) .
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Data of the correlétion co-efficient value reveal the
dependency of both M., hendersoni hendersoni and M. hendergoni
cacharensis on total zooplarkton population, This cbuld be
assigned to their food relationship (Ling, 1969; Nelsdn gi;g_.,
1977, » Zboplankton are also well known as reservoir of various
essential vitamins (Copping, 1934; Wald, 1941; Waterman, 1960) .
In the present study, eleven genera of portozoa, nine genera of
Rotifera, single genus of Ostracoda and Copepoda, and six genera
of Cladocera are recorded (Table 4)., William and Hynes (1976)
also recorded a large number -of Ostracoda, Copepoda, Cladocera
and Rotifera from two temporary Canadian stream, Bishop (1973)
also reported a good number of zooplankton from a Malayan river'
and surprisingly most of them were found to be in common with

the present findings.

The negatively shown corepelationsof both M. hendersoni

hendersoni and M, hendersoni cacharensis with Protozoa group is

not glearly understood., The winter blooms of Protozoa as noted
in the present study are also known for other Indian

1 npoundments (Michael, 1968), However, the density and the
period of occurrence of individual protozoan species was
reported to vary during different seasgons (Wesenburg-Lund, 1939;
Welch, 1952; Davis, 1955). Pemnak (1953) suggested the optimum
Atemperature range for the growth'of protozoan to be 16° to 25°C
and in present study, Probably this explains the occurrence of
protozoan throughout the year., Further, the amount of available

food has been regarded as aﬁother factor éontrolling seasonal .
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blooms in Protozoa (Bamforth, 1958; Michael, 1968) although no
direct evidence is available from this study, The Rotifera
recorded maxima during spring in Umshing stream, SUcGh g pattern
was also observed earlier from other Indian situation (Das and
Srivastava, 1956; Vasisht and Dhir, 1970; Tandon and Singh,
1972; Vaslsht and Sharma, 1975; Sharma, 1978). The summer
maxima of rotifera group in Pongtung stream is comparable to the
findings of George (1961, 1968). M, héendersoni cacharensis was
more dependent on rotifera than M. hendersoni hendersoni. The
cleanliness of water is known to depend directly on the quantity
of Rotifera (Thapa, 1981). Rotifera are also known to feed
largely by sedimenting seston particles into their mouth orifice
by means of thé pulsating action of their corneal cilia
(Hutchinson, 1967). Moreover, the reproductive rate of

rotifera is related strongly to the quality and abundance of
food as well as temperature (Edmondson, 1946, 1965), However,
the dependency shown by the ovigerous prawn population

(Table 13=18) on the rotifers is not clearly understood.
Ostracoda and Copepoda, though represented by single genus
(Table 4) have shown éonsiderable impact on the prawn
population (Tables 13-18)., The peak exhibited by the copepod
and ostracod population may be indicative of their active period
of reproduction as was suggested by Michael (1968), Mathew (1972;
and Sharma (1978)., Further, the comparatively higher'temperau
ture during April till October (Fig, 8) is thought to be .the
another factor favouring their reproductive activities as

temperature has already been shown to have a direct relationship
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with copepod populations (Sharma, 1978). Cladocera exhibited
a positive correlation with the prawn population (Tables 13=~18)
and particularly the prawn, M, hendersoni hendergog; have
shown their signifidant dependency on the cladoceran population.
Many cladoceran species are known to serve as food for the
cultivable prawn varieties (Ling, 1969; Smith et al., 1977).
Documentation of an increase in metabolic rate foliowing
ingesfibn has been made for a few aguatic invertebrates
(Nelson gt al,, 1977)+ Cladoceran are also well known as
reservior for certain specific vitamins (Fluckiger and Fluck,
1950) and their precursor was found to be the detritus (Fox,

1937; Fox et al., 1944).

The bethic invertebrate community of undertaken lotic
: ecdsystem is, with some specific'eXCeptiohs, a remarkably
consérvative assemblage of types that récur in a similar
biotopes'regardless of gebgraphical location, -Similar
environmental niches (physicél/ohemical/biotic) harbour
analoébusvtaxa, often of the same familial or generic group,
wherever such habitat are found (Botosaneanu, 1960; Illies,
19613 Hynes, 1970). Structuraily,,the community parallels that
found in more temperate streams with the notable diffefence
that species diversity in many groups is greater and the
'population 6f any particular species comparatively.émaller;
Asynchronéus and noneseasonal life cycles combine to keep
‘population densities low and this, with the variety of

relatively constant, but not necessarily stable, micro-habitats
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available, permits multiple congeneric combinations or groups
of unrelated invertebrates apparently exploiting the same
feeding niches to occur, Under these conditions of reduced
density-dependent interaction, some species are able to exist
in a biotope and even successfully complete their life cycles
under marginally suitable conditions, Both M, hendersoni
hendersoni and M. hendersoni cacharensis exhibited significantly
positive correlation with the total benthic ociganisms, The

significantly negative r-values (Table 13-15) exhibited by the

Juvenile of M. hendersoni hendersoni could be attributed to the
predation pressure (Ling, 1969; Smith et al., 1977). Bishop
(1973) also rightly commented for lotic ecosystem that under
seasonal conditions, with temporal fluctuations in resources
and demographic pressures, weaker groups would easily be
eliminated if they cannot expand their niche easily. In the
present study, the bethic organism recorded include eleven
genera of namatodes, ten genera of oligochaetes, three genera
of decapods, forty three identified and three unidentified
genera of Insects, four genera of gastropodes and ten genera of
miscellaneous groups (Table 5). It was observed that most of the
recorded bventhic organisms in the present study were in common
as noted by Bishop (1973) for Gombak river, In the present

- study, it is also possible that certain genera might have
remained uncollected due to their periodic occurrence which did

- not coincide with our field collection hour,
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Both M, hendersoni hendersoni and M. hendersoni
cacharensis have beeh'noted to be dependent on nematode group
(Table 13-18). The exact reason for their dependency other
than !'food relation' (Subramanyam, 1963; Kuttyamma, 1974) is
not clear from the present study. The diplogasterid type of
nematodes appeared to be restricted to the bottom substrates.
Horizontal and longitudinal distribution of stream benthic
animalsg aré closely related as most taxa select a micro~habitat
by optimising the complex of local factors determining niche
while being restricted to a physically distinct zone either by
inability to tolerate extremes of one or a combination of those
factors as they change with location (Bishop, 1973). If
transients are disregarded, the community found at location has
reached a compromise with the habitat conditions and in most
cases it can be assumed that if a species is not present, it
has failed to find a satisfacféry niche, This situation is
represented by their rare occurrence (Table 5). Data on the

r-values (Tables 13-18) reveal that both M. hendersoni

hendersoni and M. hendersoni cacharensis exhibited positive

relationship with Oligochaetes, this probably reflects their
food relationship (Dall, 1968), but the significant relationship
of the actively breeding population further explains their

choice in terms of their food preference, Kennedy (1966) has

shown that Limﬁodrilug hoffmeisteri,cahnot reproduce asexually
as in some Tubificidae (Brinkhurst, 1964) but that sexual stages
are normally present continuously in a population, particularly

- at temperature exdeeding 15°C, . Most oligoéhates are
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indiscriminate particulate feeders utilizing different
components of the organic susbstate elther directly or through
a symbiotic microflora or fauna (Brinkhurst and Kennedy, 1965).
Population density difference between . erosional and deposition-
al substrates were never pronounced even in the upper stream.
So the physical nature and porosity of the sediments were
apparently subsidiary to food availability and other biotic

factors in determining occurrence (Bishop, 1973).

In the present study, Macrobrachium hendersoni

hendersoni andvﬂ.>hender§oni cacharensis exhibited positive
correlation with the decapods. One reason for this could be
that under this decapod group even the count of M, hendersoni

hendersond and M. hendersont cacharensis are included. Mizuno

and Mori (1970) reported the riverine M. Malayanus and

M. pilimanus from the bank side root niches, between and beneath
boulders and where current flow was stabilized, on open
deposifional gravels and sands. The crabs, Paratelphusa spp.
were found only in the upper forested reaches more fredﬁently
and also collected in torrential sections hidding in rock holes
beneath stable boulders. Swurprisingly, they were very often
also noted to be associated with prawn population but the exact
causal aspect is not clear from the present study. Karunakaran
(1969) also reported certain crab species assaciated with

M. geron from a similar stream from Singapore Island. Diets of
the African potamonids have been fully described (William et

al., 1961; William, 1962, 1965) and may be summarized as
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primarily herbivorous but incorporating upto 30% invertebrate
foods. It is possible that the remaining unused food particles
after the crabs' fed are utilized by the associated prawn

population,

The significantly positive correlation (Table 13-18)
exhibited by both M. hendersoni hendersoni and M. hendersoni
cacharensis with Insect groups needs detailed explanation,
Collembola were a minor element of the benthos at all stations
that probably feeding on detritus or its microflora. The main
habltat of the Ephemeroptéran members was on both erosional and
depositional substrates although nymphs also occurred on stones
in the currenf from where they able to fiiter the flow for
detritus with their hair-fringed femora and tibiae (Jones, 1950).
The limiting factor was probably substrate instability as the
food supply did not change appreciably. However, the increase
in suspended inorganic material thaf might hinder feeding,
altitude and shade (i.e. temperature) may be important too
(Bishop, 1973). The actively swimming nymphs of Baetis spp.
were facultatively herbivorous grazing on periphyton and
collecting detritus primarily from clean stones in currents
(Jones, 1950; Hynes, 1961; Chapman and Demory, 1963; Costa and
'Fernando, 1967). At all stations, they were a major component
of the insect fauna. Smali baetids were commonly found in the
interstitial spaces of the gravels, presumably feeding on the
- microflora growing thera as described by Brown (1961) and

Minkley (1963) and prawns were also noted to be associated with
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them. Gut content analysis (given detail in Part 2 of the
thesis) of Macrobrachium hendersoni hendersoni and
M, hendersoni cacharensis reveal that insects comprise of a
good'fraction of the ingested food items., This could be
attributed to their significantly positive r=values (Tables
13=-18). The larval biotopes of the Odonates collected
revealed its benthic habits. The rare assemblage of Gomphids
were burrowers, found in sand-gravel substrates, usually in
depositional areas, but often extending into regions classified
as riffles which, at the micro-habitat level where direct
current effects are not a factor bhut substraﬁe cover appeargd
to be the principal factors, determining the nymphsl
distribution, Food supply would appear not to be an important
factor as the ephemeropteran prey species preferred by most
Odonates (Bishop," 1973). were. readily available at all locali-
ties, as well as accéssary’tripctiopteran. and plecopteran
larvae and: nymphs, for: the 'Clingers!"and *hinders': and -
Chironomidae and/6r: oligochaetes:forithe: 'burrowers' also
noted to be'present in the' system (Table 5).¢ " :: -

e A . e
' ~ The females of both M. hendersoni hendersoni and. .
M, hendersoni pachar¢n§is»apeéqapggtegﬁto;parry’eggé,oi

Ramphocorixa sp. and Micronecta sp. (Goswami gt ghes1982,19830).

?hése eggs suppo;ted anpedicels‘weresusual}ywloqatedign-tbe
posterior_portioﬁs of the Cephalothorax although somg<wefe
also deposited laterally on the first two abdominal. segments.
The deposition of these.aquatic insect eggs appeérsutgaﬁ?YQ,.y

been random with respect to.stage in the reproductive.cycle and
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size of prawns (Goswamigf al.,1982,1983c). No detrimental
effects assoclated with the infestation were noted. Forbes
(1876) first noted a relationship of Ramphocorixa acuminata
with cray fish, Abbott (1912) provided a full description

of the egg deposition by this species on tne cray fish, Cambarus
immunis in Kanas., Hungerford (1919) believed eggs were
deposited on those areas of the cray fish most likely to receive
aeration by water currents from the gills, This peculiar
relationship between the water boatman, Ramphocorixa and the
cray fish is believed to be one of the adaptations (Klotts,
1966). However, two small adult male prawns (mean size 2.8 cm)
of ten accidentally stocked into the hrood stock aquarium
(Gogwami et al., 1982, 1983¢) did harbour eggs of Ramphocorixa sp.
The occurrence of Ramphocorixa and Micropecta eggs on prawns
does not appear to be a physiological problem. Infested prawns
were in good health and responded normally to stimuli, Under
stream condition, it is suspected that once the eggs hatch, the
new insects may serve as a source of supplemented food for the

prawns,

Among the benthic community of both Umshing and Pongtung
streams notably in the insec¢t orders Ephemeroptera, Plecoptera
and Diptera, a number of potentially competitive taxa co=-exist,
If the generally accepted premise, that co-existing species are
separated ecologically (De Bach, 1966) holds for lotic

communities (ITde, 1936; Botosaneanu, 1960; Illies, 1961;
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Macan, 1962; Ulfstrand, 19683 Grant and Mackay, 1969)
thereby the segfegating machanisms operate. Brinkhurst (1969)
reported that-co-habiting oligochaetes of different genera had
specific baterial flora and hence selective enzymes in their
gut that enabled exploitation of different parts of the availa-
ble organic food, Further, in an elegant series of experiments
on three sympatric tubicids, Brinkhurst and Chua (1969) showed
that there was no difference in food ingested, but that
expleited bacterial species were different for éach worm species
and that one of the worms could even assimilate amino acids
directly from the mud, It is possible that by ingestion of
Oligochaetes, prawns alsc maintain bacferial flora in their
digestive gutvwhich provides é symbiotic relationship in the
digestion of detritys, cellulose etc. Yasuda and Kitoa (1979)
reported three bacterial. flora i.e. Vibrio spp., Eseudomonas
spp. and Acromonas sp. in‘the digestive tract of prawns,
Penaeus japonicus. Complementary feeding niches may be common
in benthic organisms but determination of these for the
herbivorous (particularly detritivorous) and-a@iryphagous forms
pose considerable difficulties and ‘has not yet been tackled
sufficiently., ©For carnivores, size-selective predation at both
‘intra specific and related speciéS'leVels has been demonstrated
by Sheldon (1969) and Dodson (1970). Segregation of similar
taxa at either inter or intra-generic levels to maximize the
exploitation of seasonally available food resources was
unnecessary as both algal and ‘detrital food were in continupus
supply.

"In the context of the’UmShing and Pongﬁhug.&mnma, much

‘of thé distussion may be acadéfil, as to a degree, these -
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mechanisms are all density dependent. But population of
benthic fauna (Ephemeroptera, Palaemonidae, Plecogteba5
Heﬁiptera and Trichoptera perhaps excepted) probably rarely
attain stability for long enough. to build densities wto a
level where contact interactions become common, Many species
are facultatively polyphagous and oceur throughout the year
in all instars so that there may be ecological overlap, but
insufficient pressure from demand for limiting micro-habitats,
restricted to food supply or temporal conditions to
necessitate either homo~ or heterogeneric segregation in the
aquatic stages. Similar, was the case with the prawn popula-
tion also, If envirommental resources are not limiting, as
it likely, the need for adult temporal éegregation which is
probably an adaptation to ensure maximum exploitation of
biotic resources over the extended long term immature stage,
is no longer present, This explanation was also found to be

true for both M. hendersoni hendersoni and M. hendersoni

cacharensis. Dittmar (1955) and Ulfstrand (1968) have
commented that in disturbed biotopes where communities are not
in steady state considerable interspecific ecological overlap

may be expected.

The gastropod fauna of the upper water shed was
extremely poor, probably linited by availability of suitable
calcium, stable substrates and food (Bishop, 1973). After only
glight physico-chemical modification of the biotope in the
lower course, both diversity and population denéity increased

considerably. Occassional individuals were collected from
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digtom=covered rocks in the current and from trailing vegetatioh
but never more than two specimens were collected at any site in
spite of diligent searching. The prefered food was attached
algae, The significantly positive correlation cxhibited by

M. hendersoni cacharensis with the gastropods was not olear but
possibly due to calcium requirement of the prawns {Subramanyam,
1963). The miscellaneous group exhibited either negative
corre;ations'or insignificantly positive correlation (Tables

13=18) in some cases with both M. hendersoni hendersoni and

M. hendersoni cacharensis. This may be due to their periodic

occurrence which possibly overlap the ecological niche of the
prawn_pOpulation or probably sometimes contribute themselves
as supplementary food to the prawn population, Turberllaria
are normally carnivorous (Dittmar, 1955; Hynes, 1961; Macan,
1962) and the probable diet was smell may fly nymphs,
oligochaetes or chironomid larvae., The glossiphonids preyed

on gastropods and other invertebrates (Harding and Moore, 1927).
In Pongtung stream, egg cases and young were sometimes
collected attached to the stones, but the rare Herbdelloidea sp.
was obtained exclusively in‘bank areas., This species was also
recorded by Harding and Moore (1927) as a predator of
crustaceans, TIwo genera of mites for terrestrial litter and
forest canopy group (Bishop, 1973) occurred sometimes quite
regularly at station A,. This could be attributed to the run-
off and jhum cycle of the bankside (Vatsauliya, 1982). However,

thelr exact role in the prawn ecology is not very clear.
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The riffle oomhunity of the upper zone of Umshing stream
may tentatively be considered as a climax in that, as it is
composed of numerous relatively small population, Out of the
forest zone, this community, with a decrease in species and
large increases in the numbes of few‘taxa, becomes increasingly
disclimatic as a result of the abiotic factors discussed. This
introduces the analogous situation, discussed by Minckley (1963)
and he found in many rivers in which a stable or mature
community with specific adaptation atid stenopic forms is present
in the young eroding part of a water course, while a faunal
disclimax of eurytopic forms is present in the mature Dbase
levelled reaches, 'Populatibns of immatures extent during
stable periods when both detritic and algal food are available
undoubtedly develop at a more rapid pace than those hatched out
into or subjected to denuded or impoverished substrates
following a period of spates;' The Pongtung stream is analogous
to the situation in temperate'riyers where diet preferences and
optimal growth periods are adjusted to fhe seasonal availability
of food; algal grazers deveiop most rapidly in phototrophic
periods of summer and detfivores in winter and early §pring
»when leaf<fall matérials are most abundant (Hynes, 1961;
Ulfstrand, 1968)., Here where light and leaf fall are not
seasonal, both categories of food vary in abundance tOgéther,
in response to discharge conditions. For predators like prawns,
regulation of growth rate might also be influenced indirectly by
the availability of prey animals; however, as most aguatic

females have larger reéproductive periods, the short-term effects
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on population density might not be important (Bishop, 1973).
In these contexts, some comparable environméntal parameters as

discussed already could be of more significance.

No detailed study of food niches was undertaken partly
because 0f lack of time but also because specific investigations
of that nature was of little relevance as the nomenclature of
the organisms could not be organised at owr convenience, In
addition, as the research of a number of workers on various
orders (e.g. Levanidov, 1949; Brown, 1960, 1961; Bfinkhurst and
Chua, 1969) have shown, food ingested may not necessarily be
utilized, so that without data on digestive efficiencies
enumeration of gut contents as done in many studies may be a
fallacious exercise (Mecan and Cummins, 1964). In the present
study, considering the prawn ecosystem aspect, three categories
of food were immediately evident: 1) autochthonous periphytic
algae particularly the epilithos of the riffles;

2) allochthonous particulate matter originating as terrestrial‘
detritus and the dependent population of micro-consumers and
degraders that may be more important than the leaf products
themsel&es; this food resourées was ﬁbiquitously available from
the seston, in substrate intertices or in accumulations in areas
of reduced current; 3) animal foods whose distribution was
secondarily controlled by the occurrence of 1) and 2), Gunter

(1937) reported that the prawns Macrqbzgghium.ohigne are

voracious and attack catfish confined to live-boxes. Hay (1882)

commented. on the importance of river shrimps in lotic food
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chains., Speaking of river shrimp in the Migsissipi River near
Vicksburg, Mississipi, Hay (1882) stated: "Considering their
size and abounding numbers, river shrimp must constitute an
important part of the food of the fishes of these waters".
Concurrent but priliminary studies of fish food-habits in the
Atchafalaya Basin (Bryan et al., 1975) revealed that !, ohione
was an important food item of flathead cat .fish, Pylodictis
olivaris, the white bass, Morone chrysops and tze southern
flounder, Paralichthys lethostigma. Goswami and Majhi (1984)
reported also the importance of Macrobrachium spp. in the

feeding ecology of Danio dangila in Pongtung stream, Meghalaya.

Roy (1979) stated the position of Macrobrachium spp. in the food
chain of Rapa lissorhynchus which also supported the view of
Hay (1882). From the data on the.distribution of the vertebrate
fauna in the present study and considering the foregoing
discussion, it is possible that both M., hendersoni hendersoni
and M, hendersoni cacharensis play a key role in their -

respécti#e'lotic ecosystem,

Ruella et gl., (1973) reported that a male
M. gustralienge of 7 cm. in length, constructed a 10 cm diameter
and 3 cm deep Saucer-shaped depression in an aquarium. They
further described active use‘of the 'breeding nest' in courtship
and mating in this species. ﬁimilar shaped but larger
depressions have been observed in indoor aquaria containing

bottom gravel particles (size 1=6 mm) and the housing large,

M. rosenbergii culture pond yn,Florida (R, Wulff, personal
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communication). Willis and Berrigan (1976) noted that prawns
utilized cray fish burrows in the banks and that males
constructed their breeding depressions in a Florida pond and
the sexually mature females have been observed in and around
active breeding depressions. Similarly, mating behaviour has
been observed (Sandifer and Smith, ﬁ978) in an artificially

managed tank.

Information on the occurrence, characteristics and
importance of accesgsory habitat reportad here, is first of this
kind from hill stream condition and unique in many ways. The
mgjor difference is that, although the accessory habitat serve
the purpose of breeding these are comparatively stable
structures provided in the nature itself with the process of
denudation by the running water and active weathering, So, this
provides an added advantage to the prawn population. The large
male prawns were often obser?ed surrounded by as many as sixteen
sexually ripe females. It is believed that the male will mate
with some 4if not all the females after each-complete her
premating moult (Smith and Sandifer, 1979). Water qﬁality data
reveal their optimum ranges during the breeding season and in
fact they deviated to a considerable extent from the main stream

conditions.

Data from Tables 11 and 12 reveal that there are seasonal
fluctuations in the 'K' values (condition factor) of both

M. hendersoni hendersoni and M. hendersoni cacharensis and it was

also'expressed among ‘the different size groups. The variations
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in the condition factor may.be attributed to different factors,
such as food availability, gonadal maturity an& abiotic factors
of the system, as has also been suggested for fishes by many
workers (Le Cren, 1951; Jhingran, 1972; Bashirullah, 1975).
According to them, knowledge about the changes in the 'K!
values with.the increase in lehgth may yield evidences reflec=-
ting the size at different maturity, while the seasonal
fluctuations may reflect the spawning cycle as the 'K!' is
influenced by its gonadal condition (Biswas, 1982), However,
in the present study, it has been seen that the smaller size
groups of both M, hendersoni hendersoni and M. hendersoni
cacharensis have higher condition values indicating juveniles
have better "condition®, The result further suggests that the
increase in the weight of the body due to the weight of maturing
gonads followed by a decrease due to spawning, is also
reflected in the 'K! values of the prawn populations, Weatherly
(1972) stated that even among the members of one population
sampled on a single date, there may be considerable variation in
the 'K' values which is further supported by the results
obtained in the present study. According to ‘him, animal
population displays considerable changes in average condition,
reflecting normal seasonal fluctuations in their metabolic
balance and in the maturation pattern and subsequent release of
reproductive products. Analyses of the 'K' values also reveal
that male prawns are having better 'condition' than the female,
- In other way, females exhibit narrow écological amplitude than

the males in both M. hendersoni hendersoni and M, hendersoni
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ggggégggéég which was also reflected in the co-efficient
correlation (r) values as the oviterous females showed

dependency to a larger number of ecological parameters.






1. I NTRODUCTION
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macropracnlum Hendersony negdersoniﬁ(gé Man) and
Macrobrgcg;umjnéndérsoni cacharensis (Tiwari) are the two
commonly available palaemonid prawns in the lotic (or Semilotic)
water bodies of Khasi Hills, Meghalaya (Pillai and Biswas, 1979) .,
They can be an economically important fishery potentials
(Goswami et al., 1983-&,5) but remained thoreoushly unexplored
till date and even the basic biology, has not been worked out,

The taxonomy ofxthe freshwater prawns belonging to the
genus, Macrobrachium Bate, is mainly based on the form, armature
and proportions of différent segments of the second ckrlipeds,
in addition to the ro§trum. The specific characters shown by
the second legs are q%ten dgveloped only in full grown males,
Lack of sufficient data on the problem of age and sex variation
has resulted in sonm?confusion, which can partly be solved by
morphometric analysis of meaéurable parameters at different
stages of growth (KﬁshY, 1979). The problem of relative growth
in shrimps have rectived the attention of biologists since long
time (Huxléy, 1932;Tbompson, 19423 Mishra,.1958; Johnson, 1960;
Koshy, 1969, 1973; Ngfamine and Knight, 1980; Morizur et al.,
1981; Rodrigues, 131; Curzon gt al., 1982; Lee and Fielder,
1982), But, a detiled study of the male and female sexually
dimorphic structur] of prawns from the lotic water bodies is

still lacking.

During +thé breeding period, the integument of the female
undergoes importart modifications characterized by the presence

of extra setae fo| the purpose of egg bearing (Antheunnisse et
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ales 1968; Nagamine and Knight, 1980), This special breeding
dress comes into being at the moult preceding copulation and

ovulation, and is lost at the moult after hatching,

Such a bfeeding dress is found among the members of
Palaemonidae and throughout the Caridea (Yonge, 1955). In this
connection, Sollaud (1923) distinguished between permanent and
periodic secondary sexual cha:acters; thz former persisting
after sexual maturity, the later appearing only during the
berried intermoult period. Among the permanent secondary
sexual characters included in the females, are 1) the enlarge-
ment of the epimefa of the three anterior abdominal segments
2) the enlargement of the external parts of the same segments
3) the lengthening of the three anterior pairs of pleopods by
the addition of a para coxa and 4) the development of a flange
on the basipodite of the three anterior pleopods, Only the
special setae of the breeding intermoult, were termed periodical.
Surprisingly, these important changes during the breeding period
of the Natantia remained unobserved for a long period,

Ehrenbaum (1890) working on Crangon, mentioned the appearance of
certain setae exclusively during the berried intermoult pefiod
and Mortensen (1897) reported a single breeding character of

‘Palaemon- ndspersus Rathke i.e., the long plumose setae on the

endopodites of the first pleopods., Nothing more was published

on this phenomenon until the simultaneous papers of Gurney

(1923) and Sollaud (1923), later by Hoglund (1943) and recently,
by Antheunisse et al. (1968) and Nagamine and Knight (1980),
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_ As recently pointed out by Kaur (1981) that for proper
fishery management, a thorough knowledge of maturation cycle
and depletion of gonads is of utmost importance as it is
essential to understand and predict the annual changes that the
population undergoes. From these studies a variety of
inferences could be drawn, such as the rate of regeneration of
stocks and determination of ecological factors which led to
synchronization of breeding activity, ©Similarly, information on
such related aspects as fecundity, size at first maturity etc,
are also pertinent and all these aspects should be taken into
consideration for successful aquaculture programme. According
to Corbin (1948) and Simpson (1951), the number of eggs produced
by an animal must be known, if survival is to be estimated and
the data pertaining to fecundity are also useful in determining
the density dependent factor affecting population size. The
control of the reproductive cycle of an gnimal of commercial
interest is én important prerequisite for programming its
culture (Luﬁare, 1979). This is also true for the penaeid
shrimps where artificial induction of spawning has been
successfully tried by controlling certain environmental
parameters (Laubier-Bonichon and Laubier, 1976; Beard et al.,
1977; Laubier-Bonichon, 1978) as well as by applying speciai
treatments to the females. Such treatments could be control
of photoperiod (Lee and'Fieldér, 1982), thermal stimulation
(Shigueno, 1975; Lumare, 1976; San Feliu et al., 1976) and eye
stalk ablation (Idyll, 1971; Alikunhi et al., 1975; Arnstein
“and Beard, 1975; Lumare, 1979). The length-weight relationship
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in a few species of Macrobrachium has been studied (Katre,
19763 Rajyalakshmi, 1980). Koshy and Tiwari (1975) studied
the relation between clutch size and female size in M. dayanum
and M, lamarrei. Kamita (1961) stated that the number of eggs
carried by a female is clesely related to the size of the
mother shrimp. Nishino (1980) reported that egg size of
Palaemon gaucidens.is almost‘oonstant regardless of their body
sizes within a population but differs among the populations
having geographical differences in them, Brood size increases
with body size, however, relative brood size is almost similar
within a population; Relative brood weight is almost similar
in a population and mean relative brood size is almost inversely
proportional to mean eggs size. But, to understand all these

aspects under hill stream conditions, the detailed study on

M. hendersoni hendersoni and M. hendersorni cacharensig becomes

imperative,

More than thirty four species of the Palaemonid prawns

of the genus Macrobrachium Bate, 1868, have been reported from

the inland and estaurine waters of India (Tiwari, 1955 ) and
out of these only»in five species, the larval development has
been studied in detail viz. M. lemarrei (H. Milne Edwards,
1837) by Rajyalakstmi (1961) and Sharma and Tiwari (1978);

M. malcolmsonii (H, Milne Edwards, 1837) by Kewalramani gt al..

(1971); M. idella (Hilgendorf, 1898) by Pillai and Mchamed

(1973); M. hendersodayanum (Tiwari, 1952) by Jalikal and

Sankolli (1975); M. kistnensis by Nagabhushanam and Kulkarni
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(1979). 1In addition, Das (1935) reported on the larval stages
of W, lamggrei. There were also some records on the larval
stages of M. rosenbergii (de Man, 1879) and M, rude (Heller,
1862) by Menon (1938) and of embryonic development in M. idae

by Natarajy(1947) and Aier (1949).

One important aspect of the biology of any species
which is relevant to the success of any aquaculture operation
is a knowledge of its food and feeding habits, The nature and
amount of food the organism takes in, the time of feeding, the
effect of various environmental factors on its feeding
behaviour and the relationship between feeding activity and the
onset of gonadal maturation are some of the information needed
to achieve optimum utilization of food given to the organism
being cultured (Marte, 1982 ). Prawns have been described by
mamy authors as omnivorous scavengers which feed on a variety
Qf benthic organisms including large quantities of organic
detritus, silt, and sand (Patwardhan, 1937; Chopra, 1939;
Gopalkrishnan, 19523 Paﬁikkar, 1952; William, 1955, 1958;
Eldred et al.,, 1961; Hall, 1962; Subramanyam, 1963; Dall, 1967,
1968; Warren and Sheldon, 1967; Hughes, 1968; George, 19723
Rodriques.and Naylor, 1972; Thomas, 1972; Kuttyamma, 1974; New,
1976; Tiews et al., 1976; Primavera et g&.,'1979; Truesdale and
Mermilliod, 1979; Marte, 1980,1982;Rajyalakshmi, 1980b), But,
none of these studies include the reports on the prawns

collected from hill stream condition,
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The anatomy of the crustacean alimentary canal has been
widely studied (Biedermsann, 1911; Jordan, 1913; Yonge, 1924}
Balss, - 1926; Haslar, -1935; Von~Buddehbrook,1956).Among the best
recent descriptions with clear illustrations are those of
Patwardan (1935) and Reddy (1935), who have studied many forms
and therefore have been able to consider the evolution of the
gastric mill. in Malacostraca the digestive Jjuice is produced
almost entirely by the cells of the hepatcpancreas and trans-
ported from there to the stomach. In lower forms its production
presumably takes place in both the hepatopancreas and the midgut

although experimental evidence is lacking on this point,

The neuroendocrine control of osmoregulation is
demonstrated in a very few crustaceans (Kamemoto, 1976) .
Several earlier workers studied mainly the neuroendocrine
control of water and total osmo-concentrations, But chloride
ion regulation is an index of osmoregulatory abilities of the
animal (Prosser, 1973) and hence the neuroendocrine control of
chloride concentration is a bétter approach to understand. the

mechanism of osmoregulation,

Keeping in view the above facts, the presently under-
taken study on the biology of two palemonid hill stream prawns

Macrobrachium hendersoni hendersoni (de Man) and Macrobrachium

hendersoni cacharensis(Tiwari), include reports on the male and

female sexually dimorphic structures; maturation and spawning ;
brood size and reproductive efforts; larval development; food
. and feeding habits; certain aspects of digestive physiology and

neuroendocrine regulation of blood chloride,



Fig. 42: Photegraphs of the two palaemonid prawns

A:-* hegdgrsonl hendersonl male ‘dorsal and

ventral View of preserved spec;men)

B: M, hendgrsoni cacharensis male (dorsal

and ventral view of preserved’ ‘specimen)
C: Ovigerous female of M, hgndersSQQ hgggergog;
D: 'Ovigerous female of M, hendergoni cacharensis

E: Eggs of the broad pouch carried by a female.
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The monthly collection (January, 1979 to December, 1980)
of Macrobrachium hengergghi hendergoni (de Man) from Umshing
stream and Macrobrachium hendersoni cecharensis (Tiwari) from
Pongtung stream for the purpose of their ecological studies as
already méntioned in Part I of the thesis, constitutes the
prawn materials for the present study. Seven hundred males and
three hundred females were subjected to detailed biometrical
analyses. Measurements of structures werc taken closer to 0,1
mm with the aid of an ocular micrometer mounted on a disseeting
-microscope or somtimes with a vernier calliper, The relation-
ships have been studied for.different size groups and also for

different sexes.

2.1+ Sexual Dimorphism:

Totai length was measured from the tip of the rostrum
to the tiﬁ of the telson and carapace length from the base of
the right eye stalk to the midregion of the posterior edge of
the carapace G&uesdéle and Mermilliodes, 1979). The larger of
the two chelipeds was used in all cases. Seven articles
_ comprise the chelipeds and are named starting from the base
distally: coxa, basis, ischium, merus, carpus, propbdus,.and

dactylus. In the genus Macrobrachium, the coxa and basis

_coﬁ%ribute little to overall cheliped length and therefore were
ignored., Lengths of the five distal articles were taken as

each article's lateral side. The eﬁopod and endopod of the

left first pleopod of maleé and females were measured from their

origin on-the pi#dtopodite to their tips. In instances where the
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left pleopod was damaged, the right pleopod was substituted.
The appendices musculinae and internée, which are found on the
endopods of the second pair of pleopod of males, were measured

from their origin on the endopod to their tip.

The right second abdominal pleuron of males and

- females was measured at its widest point to study development
of the female abdominal brood chamber. Relative growth can be
described by thé allometric growth equafion y = axb, where y is
the variable dimension, x is the reference dimension, 'a' is
the y-intercept, and 'b' is the relative growth rate (Huxley,
1927). A logarithmic transformation of the allometric growth
eguation allows one to describe growth in terms of linear
equations., Thus, the data were plotted on a logs;log scale, the
regression were calculated by the method of 'least squares'.
Data, above and below an obvious break in the plot, were
treated separately, if so doing increased the fit of the
regression equation to the plotted data, ¥regressions for males
and - females were tested for similarity of slopes/or intercepts
by the students® ft! test at P = 0,05 and 0,01 (Smilie, 1966).
Additionally, during the daily operation of our ciuilturing
facility, numerous instances of mating and agression were
observed. These observations aided in interpreting the function

of the sexual structures.

2¢2 Maturation and Spawning:

In order to study the gonadal cycle, histological

preparations were made. DPifferent regions of testes and ovaries
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were fixed in éouin's fluid, Routine type of paraffin sections

of 6=7 m thickness were cut and stained with Delafleld's

haemotoxylin and using eosin-counterstain in all casesg.:

Heidenhain's Azan, Mallory's triple stain and periodic acid

Schiff (PAS) were also used. The ‘maturity index' or 'Gonad

index' was also calculated using the formula (Giese, 1959).
Weight of the gonad

Gonad Index (GI) = x 100
Weight of the animal

2.3, Brood size and reproductive efforts:

Brood size is the measure of the number of eggs carried
by a femalé at one time (Nishino, 1980);‘ The eggs from each
berried female which were not artificially injured, shrunk or
bursting on hatchihg, were removed and their numbers were also
noted,, The length and width of the eggs were measured under
microscope to the nearest of 0.1 mm., The body length and width
of right second abdominal pleuron of each mother prawn was also
measured to the nearest of 0.01 mm, The wet weight with and
without eggs carried by a female prawn was calculated as the
ratio of brood size to the berried female body weighte. The egg
size is calculated by employing the formula: Egg size = fIlength
(mm)_7 x /width (mm)_72 and called egg volume for convenience'
sake (Nishino, 1980). The relative brood weight is calculated
as the ratio of weight of eggs carried by a female to the
berried female body weight, The numbers of ovigerous and
ovipositing setae on the first pleopods of the female was
counted under microscope and correlated with thelir respective

brood sizes.
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2.&. Larval development:

Living berried females of M. hendergoni hendersoni were
collected from Umshing stream and M. hendersoni cacharengig
from Pongtung stream and kept in laboratory aqﬁaria containing
water from their respective habitat. The aquasystems were
maintained under continuous water circulation and aeration,

The investigations were carried out in two seasons. The first
set of observations was made in early May, 1979 and the second

was conducted in late September, 1979,

'Thé berried femalés were fed with cut pieces of earth-
worm and sometimes with cooked rice, The unconsumed food
matter were removed about half an hour after feeding was over,
tbﬂavoid fouling of water, Females in advanced stages of berry
were kept singly in glass jars of one litre capacity and
containing water from the original habitat. After hatchings
- were oVer, the larvae were removed from the Jjars and spent

females transferred to another agquarium,

Reafing of lérvae was carried out in glass beakers of
250 ml..capacity,‘ Two to three larvae were kept in one beaker
with about 150 ml,~of stream water and covered on top with fine
muslin cloth to prevent dust particles from setting in the
beakers. A few example of each larval stage preserved in
‘neutral formalin mixed with glycerine (9:1). Exuviae were
also collected and preserved likewise, Measurements were alsb

made with ocular mitrometer on preserved larvae.
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Appendages were dissected and mounted in polyvinyl
alcohol=lectophenol mixture, Appendages dissected from larval
exuviae gave good results, All the drawings were made with

camera~lucida and measurements were recorded in millimeters.

2.5, Food and feeding habits:

Food and feeding habits of M. hedersoni hendersoni
and M, hendersoni cacharensis were studied by examining a total
of 592 and 628 digestive tracts respectively, The guts were
removed from the specimens after measuring and weighing each
prawn and were preserved in 5% formalin for subsequent analysis.
The preserved guts were later uncoiled, cleaned off and their
welght wefe recorded, The feeding intensity of the gastro-
somatic index (G.S.I.) has been calculated by employing the

following formula (Desai, 1970):

Wéight of the gut
G.,S.1, x 100
Total weight of the animal

Different workers have'adopted different methods in
analeing the gut contents., Job (1940) followed the 'volumetric
ﬁethod' whereas Bapat and Lal (1950) estimated the percentages of
the various food items of some inéhore fishog by eye assessment.
Hynes (1950) studied the stomach contents of freshwater stickle
backs by the 'points method', Bhimachar and George (1952)
.conbined both 'points method! and !'number method‘.' As Pillai
(1952) has suggested, the method to be adopted dépends entirely

on the particular diet of an animal, Venkataraman (1960) employed
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the 'points method' with certain modifications. In the present
study, the quantitative analysis of foregut contents was made by
employing visual egtimate method asg followed by Venkataraman
(1960) and Marte (1980). Gut contents were examined microscopl-
cally for food organlsms to determine their frequency of

occurrence, Identification was based on skeletal remains.

2+6, Digestive physiology:

The study on the digestive physiology was made only on

Macrobrachium hendersoni hendersoni (de Man). Living specimens

of M. hendersoni hendersoni was collected from the Umshing
gtream and were reared in the aquarium for about fifteen days
with continuous water circulation and proper aeration, \Some of
the live prawns were dissected to measure the pH in different
regions of the alimentary canal of normal feeding prawns. The
different parts of the gut were separated and thoroughly washed
to clear them of any food contents. The pH of the gut was
measured both by pH indicator paper and pH meter., The pH
ﬁeasurements were also made in thr prawns which were starved for
about 72 hours and also in those which were first starved and

~then fed on some selected diets.

For qualitative estimation of enzymes, the digestive |
Juices wefe collected by canula method (Tyagi and Prakash, 1967)
from different parts of the gut. However, the canula could not
be inserted into the intestine, rectum and hepatopancreas., In

such cases, these parts were separated and their extracts were
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prepared according to the method described by Krishna (1955).

Tq investigate the place of secretion, the extracts and diges-
| tive Juices of.different parts of the gut were incubated with
different substrates (Tyagi and Prakash, 1967). The incubated
solutions were tested for the different enzymes after different
time intervals, The amylase and protease activities have been
studied and confirmed employing the methods used by (Krishna,
1955, 1958). and Shukla and Upadhyaya (1978) respectively and
for lipase, Baldwin and Bell (1955) method as followed by Tyagi
and Prakash (1967) were adopted..

2.7« Neuroendocrine-regulation of blood chloride:

The freshwater prawn, M. hendersoni hendergoni (size
2.85 + 0,35 g) were collected from Umshing stream and were
reared in the laboratory, Eye stalks were ablated by making a
deep'inbision at their bases, with a sharp blade and the aqueous
extracts of the eye stalks were prepared to give a final
concentration of a pair of eye stalks/0+25 ml and 0,2 ml, of
clear supernatant was injected into each animal., Sendroy's
modified method (1942) was used to estimate the blood chloride
contant in the normal, eye stalkless and eye stalk-extract

injected animals. All animals were maintained in tap water,
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3.1s SEXUAL DIMORPHISM:

In both Macrobrachiumlggnde:soni hendersoni and

M, hendersoni cacharensis, the presence of appendices
masculinaé‘énd the gonopore are the first externmal evidences
of sexual dimorphismlfo be seen in both sexes. In the second
abdominal appendages of male, the appendix interna gives off
on its inner side an additional process called appendix.
masculine lying in between the appendix interna and endopodite
(Fig. 43). As with several other species of caridean prawns,.
fhe male gonopores occur on the,medialAsurface of the
arthrodial membrane between the coxae of the fifth pereiopods
and the sternum and are covered by gonopore.flaps (Fige. 43)..
Male gonopores were not found without their associated gono-
pore flaps, although in earlie: stage of development, the flaps
looked mofe like nipples; The female gonopores appeared as
oval apertures on the medial surface of the coxae of the third
pereiopods and are covered with a thin membrane that can be-

pushed-inward with a,fiﬁe, blunt dissecting needle..

Reproductive setae which are developed almost
simultaneous with the brood chamber development, were also fhe'
evidences of sexual dimorphism. The setae are divided into-
two functional categories: Ovigerous and oviposkting setae,
Ovigerous setae, to which eggs are attached for brooding, are
characteristically thick, long, and wiry and are found on the
medial surfaces and bases of the protopodites of the first.

through fourth pleopods. These setae are formed only on



FEMALE ~ FEMALE  MALE
OVIGEROUS NONOVIGEROUS

SECOND PLEOPOD FIRST PLEOPOD VENTRAL SURFACE

Diagrammatic representation of sexual
dimorphism on the ventral surface and the

first and second pleopods of sexually

mature male and female prawn and differences
betueen ovigerous and nonovigarous femsles.
Tips of the exopods and, in the .ocoﬁd
pleopods, the endopods have been deleted.
A1, appendix interna; AM, appendix internss
AM, appendix masculina; GF, gonopore flens
OVG, ovigerous setae; OVP, ovipositing
setae; SB, setal buds.
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preparturial moults and ére thus termed temporary setae. On
non-parturial moults, their past or future presence is
evidenced by their buds which appear as conical projeotions
(Fig. 43). Ovipositing seﬁae,'whidh aid in propelling, guiding,
or containing newly laid eggs, are found on the coxae of the
.third, fourth, and fifth pereiopods, the posterior sternum of
the cephalothorax, the endopods of the pleopods, the appendices
internae (although they may be absent in tne appendices of the
fifth pleopods in smaller females), and on the lateral edges
ahd sides of the protopodites. Unlike ovigerous setae, some
ovipositing setal groups are;permanent whereas others are
temporary (Fig, 43). Permanent ovipositing setae usually show a
decrease in length on non~-parturial moults which may be

~ substantial in some cases, e.g., the ovipositing setae on the

lateral edge and sides of the protopodites.

The sexual structures described above are not meant
to be exhaustive, Other noted sexﬁalvdimporphism are in the
relative growth of the body size, certain articular ratios of
the chelipods, ratio of exoped and endopod length, second

pleuron width etc.

3¢1e1e Total length—carapace length relationship:

A highly signifioanﬂy positive correlation between
total length (TL) and carapace length (CL) ié indicated by the
high r-values (Tables 19, 20). The total 1length are plottea
against the carapace length (Fig., 44) and the calculated
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parabolic eguations are as follows:

M. hendersoni hendersoni

d's T = 2.3009 ¢L1-0168
(TI-L H 20.0"40.0 mm>

t 20,0-40,0 mln)

2.4333 CLO 9945
: 4001"‘5500 mm)

4G

L =
(TL.

b
5

~H

= 2.4860 LO*9957
: 40,1=55,0 mm)

o T = 2.6959 ¢’

M. hendergoni csoharengig

of ™ 3.7914 cLO+8184

TL 3 2040=40,1 mm)

(TL : 40,1=50,0 mm)

P ,
S+ 1w = 22131 cL1°02%
<

: TL = 4,1419 cL08223
"(TL : 40,1=50,0 mm)

&' T = 2.8132 c10+9413
(TL H 5001"7000 mm)

Q' T = 2.6761 cLO« 9774

O T = 2.L47h cp, 10014
(TL

: 55,1=80,0 mm) (TL : 50¢1=70,0 mm)

3.1.2. Total length=body weilght relationship:

The total length (TL)and body weight (W) exhibited
significantly positive cofrelations and the regression
equations are given in tables 19 and 20. The total length and
body weight are plotted (Fig. 44) and their parabolic relation=
ship calculated are-as follows: |

hendersoni. hendersoni M., hendersoni cacharensis

= 37,6097 w1374 $': T = 10,6807 wO4095
L : 20,0=40,0 mm) (TL : 20,0=40,0 mm)

M,
TL
(T

6!

_P : L = 3304‘888 W1.O130 9 + TL = 3202626 w10006 ’
’ (TL : 2040=~40,0 mm) - (TL : 20,0=40,0 mm)
J': L = 29,4103 W+9983 &' TL_= 27,6312 w1+0098

(TL : 40,1=55,0 mm) (TL : 40, 1=50,0 mm)

(TL : 40,1-55,0 mm) (TL 1 40,1=50,0 mm)
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140049

Qi L = 29,8469 WO +9996 (i TL = 30,2482 W
‘ (berried) | +  (berried)
s 1L = 29,6805 WPe9856 s L = 27,7651 w1000

(TL ¢ 55,0-80,0 mm) (TL : 50.1=70,0 mm)

O : TL = 33,3734 w9977 O T = 32,3147 0 #9969
; (TL : 55,0-80,0 mm) (TL : 5041=7040 mm)

30143, Total lengthe=pleuron width relationship:

The total length (TL) and pleuron width (PL) exhibited
significantly positive correlations and their regression
gquations are given in tables 19 and 20, In both M. hendergoni
hendersoni and M., hendersoni cacharensis, sexual dimorphism
in relation to their pleuron width was evident (Tables 19, 20).
And, also their relationship has been obtained by plotting the
total length against pleuron width (Fig. 44) and the parabolic

equations derived are as follows:

M. hendersoni hendersoni ‘M. hendersoni cacharensis

63 TL = 78,0369 PL1'O130 .5; TL = 81,7335 PLO'9855

= 45,2689 PLO*9%96 . L = 59,3198 pLO* 74
(TL : 20,0=40,0 mm) (TL : 20,0-40,0 mm)

-+,

= 75,9451 PLO"9779 ' 6\: TL = 81,5455 PLO'9615
TL : 40,1=55,0 mm) (IL : 40,1-50.,0 mm)

g? :
C?=T(L
P
ok

L = 41,6677 PLO*933% O: T = 67,2357 pr0+9293
(TL : 40,1=-1=55 mm) (TL : 40,1=50,0 mm)
TL = 76,3484 pLO*9673 L 7, = g3,6373 prO+9689
(TL : 55.1-80,0 mm) (TL : 5041=70,0 mm)

g? : TL = 66,8960 pp,1.0012 Q : TL = 65,2379 pLOe2777
| (TL 3 55,.1-80,0 mm) ¥ (TL : 50,1=70,0 mm)
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3e1ek4e Merus=Ischium relationship:

The merus (M) and ischium (I) length exhibited
significantly positive correlations and their regression

equations are shown in tables 21 and 22, In both M., hendersoni

hendersoni and M, hendersoni cacharensiss‘the sexual dimorphism
in relation to the growth of merus and ischium length was
evident (Tables 19, 20)., By plotting the merus length against
ischium length their parabolic relationship has been shown

(Fig. 45) and the equations derived are as follows:

M. hendersoni hendersoni M. hendersoni cacharensis
S s M = 1.3908 10+999% S i u = 1.36090 1009981
(TL : 20,0=40,0 mm) (TL : 20,0-40,0 mm)
9 : M - 1.511 1101716 Q . M = 1'2014 110006
- (TL : 20,0=40,0 mm) +F (TL ¢ 20,0=40,0 mm)
S M= 1,1956 10+8606 S M = 1,0723 1007179
(T . 4001"5500 mm) ' . (TL . [‘*00'1"5000 mm)
Q . M = 1.3381 11,0238 9: M = 0,702 10+2648
(TL : 40,1=55,0 mm) (TL : 40,1=50,0 mm)
S M= 1.4148 1120080 3 M= 1.0018 10:4936
(TL : 55,1=-80,0 mm) (TL & 5041=7040 mm)
Q:M=13577I10661 O: M = 11307 10-8965
(TL : 55.,1=80.0 mm) T (TL : 50.1=70.0 mm)

3¢1eDe Merus~Carpus relationship:

The merus (M) and carpus (C) length exhibited signifie
cantly positive correlations and their regression equations are
given in tables 24 and 22, The post-breeding group (50.1~70.0
mm) of M. hendersoni cacharensis exhibited distinct sexual

dimorphism in relation to their relative growth of the merus
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and carpus length (Table 20). The parabolic relationship of
their observed values were noted by plotting them (Fig, 45) and

the equations derived are as follows:

M. hender§oni hendersoni ‘M. hendersoni cgcggrengég

3s = 1.3y 049261 S M = 1.3 3110 cO+9121
© (TL : 20,0-40,0 mm) - - TL : 0—40 O mm)
Q? (TL : 20,0-40,0 mm) TL : ﬁo 0~40, o mm)
Pt M = 1.7726 c1e4T19 3 M o= 1.2145 (08135
(TL : 4041=55,0 mm) (TL : 40,1=50,0 mm)

' S; : M = 1,3567 cO0+9269 O: M = 1,,3574 09454
(TL : 40,1=55,0 mm) + (TL : 40,1=50,0 mm)
C?‘ M = 1.4&01 C '9863 ' ' C?: = 5,9927 cOe 4857
(TL : 55.1-80,0 mm) ‘ (TL ¢ 50,11=70,0 mm)
N M o= 1,412 ¢ 140009 ©O: M = 3977 0. 6817

§> (TL : 55,1=-80,0 mm) f (TL : 5041=70,0 mm)

3.1.6, Propodus~Carpus relationship:

N " The propodus (P) and carpus (C) length-exhibited
significantly positive correlations and the sexual dimorphism
was evident in all the. size gréups (Tables 2%, 22), By plotting
their observed values, the parabollc relatlonshlp has been

noted (Fig. 45) and the equations derived are as follows:

M. hendersoni hendersoni " M, hendersoni cacharensi
3: p = 1,5307 09148 g p = 0.,5933 c09350

(TL : 20,0=40,0 mm) (TL : 20,0=40,0 mm)
ot P =-1,5090 ¢1e0064 O E = 1449 c0-9714
+ (TL : 20,0-40,0 mm) *  (TL : 20,0-40,0 mm)



.8504 ~0+0937
1+O. 1"'55 oo mm>

e O

5
40, 1=55,0 mm)

P = 1.6512 09260
(TL : 55,1=70,0 mm)

: P = 1.5018 ¢1+0222
(TL : 55,1=70,0 mm)
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H 40.1-5000 mm>

&' P = 1,5509 ¢O0+28%8
“ (TL : 50,0=70,0 mm)

P = 7.52u8 07020
(TL : 50,0=70,0 mm)

3eteTe Propodus—daotylus relationship:

The propodus (P) and dactylus (D) length exhibited

significantly positive correlations and the regression

equations are given in tables 21 and 22.

The parabolic

relationship has been obtained by plotting their observed

values (Fig. 46) and the equations derived are as follows:

M. hendersoni hendersoni

P = 0,8652 09148
(TL : 20,0=40.0 mm)

P = 0,8360 DO*I892
(TL : 20,0-40,0 mm)

= 0.8958 p°*9932

(TL : 40,1=55,0 mm)

(TL : 40,1-55,0 mm)

P
P = 0,9247 p0*9218
(TL : 55,1=80,0 mm)

P = 0,1466 D1*O177
(TL : 55,1-80,0 mm)

g
S? :
off
S? :
o
S? :

M. hendersoni cacharensis

(TL : 20,0-40,0 mm)

: P = 0,2674 D'*013"

. P = 0,794 DO*9797
(TL : 40,1=50,0 mm)

. P = 0,084q D105
(TL : 40,1=50,0 mm)

: P = 0,7917 D1.O112
(TL : 50,1=70,0 mm)

: P = 0,2449 D0*99%2
(TL : 5041=70,0 mm)



Table 19: Regression statistics for the linear regression (Log Y = Log a + b Log X) for

comparing the relationship between certain indicator structures in male and
- female, M. hendersoni hendersoni

! - ro T Size group ! : i :
X § ! g Sex § (mm) g »a g b N % ! r

© 20.0-40,0 90,3619  1.0168 . 0,996

o ‘ ; ) iO 0=-40,0 - O, 42%4 0.9732 00,9997
~ ' : 0.1=55.0 043862 04995 0,9998%*

Carapace length Total length 40, 1-55,0 0. 3855 0.9967 0.5598
55, 1-80,0 0.4307 0,9642 0,9988%

55, 1-80,0 J, 3887 1.0014 0,9998
20,0-40,0  1,5753  1.,3754  0.,9560%*

20.0-40,0 1.5249 1.0117 0,9978
Body weight Total length 40, 1-55.0 1.4685 00,9983 0,9999%%+
55, 1-80,0 14725 ° 0,9856 0,9985%#¢

55.1=80.0 145234 0,9977 09999
20,0-40,0 1.8923 1.0130 0,9993%*

20,0-40,0 1.6558 0,9456 O 9774

Pleuron width Total length

L"Oc1- "co 108805 009 6 6**
10:122:0 18R . 0:Zk 9rdshs
55.,1-80,0  1.8828 . 0,9673  .0,9994%%

20,0-40,0 "0,3219  0,9265 0,9915%*
20,0-40,0  0,2328 0.,8568 0.9531
55.1-80,0 0,3805 - 1,0016 0,9908%**
55.,1-80,0 0.2161 1.0473 0.9989

Endopod length Exopod length

HEMREE RERE YEmEmE mEm R R

r = correlation co-efficient; * = no significant difference between sexes; ** = Signi-
ficant difference between sexes, P <{<K0,05; *¥¥ = Significant differences between
sexes, P <(<0,01, M = Male; F = Female,

8sl



Table 20: Regression statistics for the linear regression (Log Y, =Log a + b Log X)
for comparing the relationship between certain indicator structures in
male and female, M. hendersoni cacharensis |

L |J 1] [ 1 4
i : i Size group | { !
X i Y !' Sex ! (mm : & b 3 s
1 H H H i ' H -
M 20,0=40,0 0.5788 0.8184 0.7950%%
F 20,0-40,0 0.3818 1.0139 00,9996
Carapace length  Total length M 40,1=50,0 0. 3450 1.0215 0.,8976**
F 404 1=50.0 0.6172 0,8223 0.9709
M 50.1=70,0 0.4492 0.9413 0,98 35 %
¥ 50,1=70.0 0.4275 0.9774 0.9986
M 20,0-40,0 1.0286 0.4095 0,9976%*
F 20,0-40,0 1.5087 1.0006 0,9993
Body weight Total Length M 40,1-50.0 1 Llal 1,0098 0,9996%
F 40.1-50.0 1.5086 1.0007 0.9998
M 5041=70,0 - 14435 1,0006 0,9995%%*
F 50¢1=70,0 1.5004 0,9969 0.,9998
M 20.,0-40,0 1.9124 - = 0,9855 0,999 7
F 20,0-40,0 1.7732 047354 0.,9708
Pleuron width Total length M 40.1-50,0 1.9114 0.9615 049945 %
\ | F 40,1=50.0 1.8276 0.9293 0.9706
M 50.1=704,0 1.9224 0.9689 0,969 2%
F 50, 1=7040 1.8145 0.5777 0,6897
M 20,0-40,0 -0,2048 0,2959 0. 9L 69%*3*
- - F 20,0-40,0 0,2790 0,9274 0.9968
Endopod length -  Exopod length 40,1-50,0 -0, 1462 0.2512 0,994 8¥*#*
' F 40,1-50,0 -0.,0306 0.4137 0,6263
M 50,1-70,0 0,0413 0.4708 0,8762%*
F 50, 1=70,0 0.,1770 0, 7149 0,9734

r = correlation co-efficient; ¥ = no s:.‘gnificant‘dii‘ference between sexes; ¥¥* = Signi-
ficant d.lfference between sexes; P (< 0,05; ¥*¥¥ = Significant difference between

sexes, P{L0.01e ¥ = Male; F = Female,

68l



Regression statistics for the linear regressions (Log Y

- Table 21: = Log a + b Log X)
for comparing the relationship between the length of. four distal articles of
the Chelipeds in male and female, M, hendersoni hendersoni

z T 1 Siee erow | AR
X } Y ! Sex mm, ' a H b 1 r
H : 1 H H H :
% 20,0-40,0 0. 1439 0,989 0.9997*
_ ﬁ ig.O-gg.g 8-%792 851212 0.2959
: — 01"' o o 77 .8 O O. 880**
fsobium length  Merus lemgth — F 40.1-55.0  0.1265  1.0238  0.9676
55.1=80,0 01507 1.0080 0,9989%
F 55, 1-80,0 0.1328  1.0661  0.9990
M 20,0-40,0 0. 1295 0.,9261 . 0.9944%
, F 20.0—40.0 0.1282 1.2151 0.9223
M Oo 1"‘5500 Op2 8 ) 1. 719 005 2+
Carpus length Merus length - 4O, 1=55.0 0. 1325 0.9269 0.9684
M 55.1=80,0 041584 0,9863 0,9969%
M 20,0-20.0 0. 1849 0.8122 0,9822%:¢
20.0-40,0 0.1787 1.00 0,9997
Carpus length Propodus length § 40, 1=55.0 ~0.070L ~0.0937 =0, 3300%#*
F 40,1-55,0 0.1817 1.0162 0,999
M 55.1-80.0 0.2178 0,9260 0, 7658%%*
M 20,0-40,0 -0,0629 1.0946 0,9850%%*
) o 1™ oo "'0.0 O.~ O. 8 3¥*
Dactylus length Propodus length gf 28.}-22.0 -0.0ggg 1.82?% 0.8631
M 55.1-80,0  -0,0340 0.9218 0,980 %%
F 55.1=80,0 -0.8338 1.0177 0.9979

rr =

sexes, P \\ 0,01,

F = Female.

correlation co-efficient; * = no slgnlflcant difference between sexes; ¥*¥* =
ficant difference between sexes, P ( £ 0,05; ¥*¥¥ = slgnlflcant difference between

signi-

o6l



Table 22: Regression statistics for the linear regressions (Log ¥ = Log a + b Log(X)
' L for comparing the relationship between the length of four distal articles

of the Chelipeds in male and female, M. hendersoni cacharensis

i : 1 : : T
X r Y i Sex | Size group | a : b ! r
| T R L]
Mo 20, 0-40.0 0. 136 0.9881 0.9982**
. ) F 0.0-40,0 ‘O, 000 O ‘
ISCblLZIﬂ leng'th Merus leng’th M 50.1_50.0 0.0ggg 807179 0.897%4***
- F 40,1~-50,0 -0.1532 0,2648 0.4810
Iyl 50,1=7C,.0 00,0008 0,4936 0,80 44w
F - 500 1"7000 Oo 0549 008965 00‘99[‘#‘!'
M 20,0-40,0 0.1176 0.9121 0,9943%
Carpus length Merus length Mo 40, 1-50,0 0, 0844 0,8135 0,9586%
F 40,1-50,0 0.1327  0.9454 0,9411
M 50,1=70,0 0,7776  0.,4857 O, 7579%
F 50,1=70,0 = 0.5996 0.,6817 ' 00,9529
n 20,0-40,0  -0,2267  0,9350 . 0,9962%*
DE/; &0.0-A0.0 0.8612 O.;971;l6+ 0.2982 '
s 1 h P dus length 0.1-50,0 -0,0383 0.:278 O, 4 386%*
arpus lengt ropodus tengtt g 40.1-50.0  0.2936  1.2861  0.7516
F 50,1-70,0 0,8765 0,7020 0,9620
M 20,0-40,0  =0,1003  4.0019  0,9G94**
: F 58.0-28.8 -8.5322 1.0134 04,9995
: e 1=0U, =Ue 101 0.9707 0,998 1*¥*
Dactylus length Propodus length % 40, 1-50.0 -0.5465 1.0%354 0.9971
M 50,1=70,0 -0.1014 1.0112 0,999 6%
F 50,1=70,0 -0,6110 0.9922 0,9964
. . @
r = correlation co-efficient; * = no significant difference between sexes; *¥ = signi-= =
ficant difference between sexes, P ({ 0,05; **¥ = gignificant difference between
sexes, P<<0.01o M = Male; F = Female' '
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3¢1¢8. Exopod=Endopod relationship:

The exopod (Ex) and endopod (En) length exhibited
significantly positive correlations and their regression
equations are shown in tables 19 and 20. In both M, hendersoni

 hendersoni and M. hendersoni cacharensis, sexual dimorphism in

relation to the relative growth of exopod and endopod were
evident ( Tables 19, 20). By plotting the exopod and endopod
length, a parabolic relationship has been noted (Fige. 46) and

the equations derived are as follows:

M. hendersoni hendersoni M, hendersoni cgéharengis
A s Ex = 2,0984 EnO+9265 A : Bx = 0,6240 En0*2999
(TL : 20,0-40,0 mm) (TL : 20,0~40,0 mm)
Ot Ex = 1,7092 g +8568 o i Ex = 1,9011 En0*9274
(TL : 20,0-40,0 mm) : (TL : 20,0=40,0 mm)
. Bx = 2,3052 EnC*9713 21 Ex = 0,7142 En0+212
" (TL : 40,1-55,0 mm) (TL : 40,1-50,0 mm)
Oy ¢+ Ex = 1,0534 Enp'6416 C : Bx = 0,9320 Enp'4737
£ (TL : 40,4-55.0 mm) ¥ (TL : 40,1-50,0 mm)

. Ex = 2,4016 En1*9016

: Ex = 1,0997 En9‘4708
(TL : 55,1=80,0 mm) :

(TL : 50,1=70,0 mm)

¢ Ex = 1.5031 EnQ* 719
(TL : 50,1=70,0 mm)

Ex = 1.6448 En1*0473
(TL : 55,1=-80,0 mm)

o O,
O oy

"3¢2s MATURITY AND SPAWNING:
3¢2¢1s Gonadal Cycle:

The histomorphclogical features of reproductive system

of both M. hendersoni hendersoni and M. hendersoni cacharensis

show close similarity., So, it is described commonly.
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I, Male Gonad (Testis):

- l.a, Morphology:

Biloﬂed testes are situated immediately beneath the
heart whereas some part of it lies above the hinder border,
dorsal to the hepatopancreas, In a mature prawn the testes
extend anteriorly as far as the renal sac and posteriorly as
far as the first abdominal segment. At their anterior ends,
the two testes meet together and'fuse to form a common lobe,
while posteriorly they remain separate, although lying close
together, Apart from the middle of their length they diverse
from each other leaving a gap for the passage of the cardio-
pyloric strand, Frqm the postérior end of each testis
originates a vas deferens, which runs for a short distance into
the substance of the testis before coming out of it (Fig., 47B).
The two vas differentia form a pair of long convoluted ducts,
each of which forms a closely winding coil immediately after
its origin, the coiled portion lying on the dorsal surface of
the hepatopancreas. Beyond the coil, each vas deferens
descends vertically downwards between the thgracic wall on the
outer side and the flexor muscles of the abdomen on the inner
- (Fig. 474). On-.reaching néar the coxa of the last pair of
walking legs, the vas deferens form a small club~shaped
swelling, the vasicula seminalis, in which the‘spermafoioa-are
stored in the form of white compact bodies called the

spermatophores.



Fige 47t Diagrammatic representation of gonad morphology

in M. hendersoni hendersoni (de Man)

At Male lateral view‘: C.y coxa of the fifth
walking leg; Ce'Sey Cardiac stomach; f.m,,
flexor muscles of the abdomen extending into
the thorax; h, heart; h.p., hepatopancreas;
r.s., renal sac; s., cardio-pyloric strand;

"te, testis; ved., vas deferms;

Ve Se, Vesicula seminalis,

Bt Dorsal view of testis : c., coxa; f., flap
covering the male genital pore; m, ZePe, Male
genital ﬁore; Meg:P.; male genital pore;

t., testis; v.de, vas defereng; V.é., vesicula

seminalis.

C: Female lateral view ! C., COxa oI the third
walking leg; Cs'Seiy cardiac stomachsg
f.m.,abdominal flexor muscles extending into
the thorax; he, heart; h.p., hepatopancreas;

0.y OvVarv; o.ds, Oviducth; r.s..renalsac,

D: Dorsal view of ovary : c,, COXa3 C.S., median
gap for cardiopyloric strand; f.p, female
genital pore; ov., ovary: ov.d., oviduct;

Se s STernum,.



Fig, 47
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I.b.- Higtology of testis: L

Each testis is made up of numerous convoluted simini-
ferous tubules of varying sizes, held together by a thin layer -
of connective tissue. The intertubular space contains a few
‘blood vessels. Each tubule is covered by a thin layer of
connective tissue, and in a transverse sections shows two
distinct areas, the germinative region and the lumen (Fig. 48.1).
Different tubules in the same section consist of‘germcells in
dLfferent stages of development (Fig. 49. 6-7)., Tubules at
posterior region of testes become narrow and have small or no
germinal area, while their lumen is fully of sperms. The
tubules appear to be continuous, opening directly into the vas
deferens. In spermatogenesis, the sperm moéher cells or primary
spermatogonia are the germ cells df first stage and are the
largest of all, Each spermatogonium éontains a thin rim of
cytoplasm around a vesicular nucleus containing péripheral
chromatin granules (Fig, 48,3)., The number of primary
spermatogonia gradually increase soon after spawning (April -
September), becoming abundant during November and December
(Fig. 50.11). Most éf them later on divide mitotically and
give rise to the secondary spermatogonia that will differentiate
into spermatocytes, but a few remain undifferentiated till sperm
formation and spermiation, These are the resting spermatogonia
which divide soon after spermiation and supply.a new crop of
germ cells for the next breeding season. The secondary sperma-
togonia are smalier than the primary ones and chromatin

granules distributed homgeneously in nucleoplasm, These cells



199

undergo mitotic division so that a large number of primary
spermatocytes are formed, Furthermore, a tubule at any time

contains either spermatocytes or spermatids.

I.c. Seasonal Cycle:

The annual testicular cycle of M. hendersoni jendergoni.
can be divided into the following four stages on the basis of

hi stomorphological characters:

‘Stage I (October to December): The size and weight of testes
gradually decreases reaching a minimum value in Ocesber: and
December (Fig. 54)., The testes are thin and translucant during
these periods. Some of the tubules hgve large number of
spermatogonia and few residual sperms (Figs. 48,3; 50,10),
Spermatogenesis still continues to exist in some of the tubules,
but the number of spermatocytes and spermatids decreases
gradually and finally absent during December, This indicates
gradual cessation of spermatogenesis in testes. The spermato-
gonia greatly increased in most of the tubules in October and
were in preponderance during November and December (Fig. 50,11)
During this period the dimension of tubules decrease and the

wall of tubules becomes thick and undulated.

AY

Stage II (January to March): The spermatogenesis begins during
January and February with an accompanying increase in size,
weight and their walls become comparatively thin, They contain
a few primary spermatogonia and a large number of secondary

spermatogonia., The primary and secondary spermatocytes are
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produced in some of the tubules, A few residual sperms are
still retained in the lumen of the tubules and almost disappear
in March, During March the spermatogonial population decreases
and actively dividing primary and secondary spermatocytes
become dominating cells in the tubules, In a few tubules

spermatids are formed but sperms are not yet developed.

Stage IIL (April-May): The testes have greatly increased in
their size and weight, being maximum during April (Fig. 54).
They appear turgid and opaque and their wall becomes so thin
that the seminiferous tubules are visible. The vas deferens
also appears swollen, opaque and highly coiled and when
ruptured the seminal fluid does not ooze out from it, This
stage is characterised by spermatogenetic and spermiogenetic
activity. Spermatids and sperms are in preponderance

Fige 49.7). Sperms are developed for the first time in April
and tubules fully packed with sperms are seen in April and May,
Owing to this the tubules are greatly enlarged and turgid and
as a result their walls become thin.and intertubular spaces are
decreased., However, the maturational changes do not occur
simultaneously in all the tubules. of testes, as most of the
tubules are filled with spermatids and sperms while some others
are still at primary or secondary spermatocyte level, This

results in the production of sperms in sucCessive waves,

Stage IV (June to September): During this stage, the testes

appear opaque and vas deferens is packed with seminal fluid,



Fige 48: Sections of testes of M. hendersoni hendersoni
© (de Man) - | o
48¢1£‘Showing seminiféroﬁs.tubules in May (Stage
IV x 90, |
48,2: Showing tubules of posterior testis, the
germinal area (GA) is reduced x 40,
. 48,3: Tubules showihg~primary (Fsu) and secondary
 spermatogonia (SSG), July Specimen x 380,
48,42 Showlng dividing spermatogonia (SSG)y in =+ i

January x 600, = -

48,5: Showing primary spermatocytes at Synezesis
Knot (SK) stage x 380 (GA, Germinal zonej.
L, Lumen; RSG, Residual sp'ermatogonié.;] |

S, Sperms; TW, Tubular wall).






Fig.49



Fig. 50: Sections of testes of M, hendersoni hengergoni
(de Man)

50,10: Showing stage I in July x 90.
50.11: Showing tubules filled with spermatogonia
in December (Stage I) % 140, | N
50,12t Showing tubules packed with spermmatids @
(ST) and sperms (S) in May (Stage III) x
90, o
(L, lumen; PSP, Primary Spermatocytes;
RS, residual sperms; SPG, Spermatogonia;

T, tubules).



Fig.50
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Both maturing and mature tubules are seen:in the saﬁe section,
Maturing tubules conslst of dividing primary or‘seoondary
spermatocytes or spermatids and produce sperms a little later.
Mature tubules undergo spermination in May to. June, Some of
the tubules contain primary spermatogonia and residual sperms
(Fig. 48.1). This indicates that spermiation has taken place,
Almost all the specimens collected during September show

spawned conditions in a number of tubules of their tesgtes.

-1I, Female @onad (Ovary):
IT.a. Morphology:

The ovaries are paired and occupy the same relative
"position in the body of the female prawn as the testes in the
male, The shape and size of the ovaries vary considerably
according to the age of the prawn and the season of the year
in which it is examined, In a mature female, outside the
breeding season,Athe ovaries appear as compact sickle-shaped
structures (Fig, 47D), closely approximating each other at both
their anterior and posterior ends and leaving a gap in the
middle for the passage of the cardio-pyloric strand., Like the
téstes, the ovaries extend anteriorly up to the renal sac and
posteriorly up to the anterior margin of the first abdominal
segment., In breeding season, however, the ovaries may extend
info the first abdominal segment as well, Both the oviducts,
are shorter in length but broader than the vasa deferentia.
Each oviduct originates from the ovary at about the middle of

its outer border and presents a large lumen at its commencement.,
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It then becomes narrow and pursues a vertically downward course,
lying between the thoracic wall on the outer side and the
flexor muscles of thé abdomen on the inner (Fig. 47C), On
reaching the ventral side of the body, eéch oviduct opens to
the exterior on the inner side of the coxa of the third walking

Jkg(ﬁg.hm).

II.h;' Hfstology:

The ovarian wall is continuous with ovarian stroma and
is tﬁioker during post-spawning period but becomesvthin at
maturing and mature stages of the ovary. Ovarian stroma
consisté of connective tissue, muscle fibres and blood vessels,
and is abundant during post-spawning period but greatly reduced
in mature ovaries (Fig, 51.1)., 4 germinal;zoné is present all
along the centre of the ovary (Figs. 57.1, 51.3)s During early
‘phase of maturation, the germindl zone consists of oogonia and
_‘young_oocytes whereas the developing oothes.are displaced tow
towafds outer regioh of the ovary'(Fig, 51.1)« As maturity
-'adyances the germinal zones become greatly reduced consisting of
5 £¢w residual oogonia, the rest of the ovary is filled with
_.}_I;-é;;‘curing oocytes. Ooplasm is heaVily impregnated with large -..
ﬁyo%K:gxobglgs\and yolk vesicleses

II.c. Seasonal changes:

The annual ovarian cycle can be conveniently divided

into following four stages on the basis of histomorphological
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features of ovaries:

i, Spawning and spent stage (May-September): During this
period females carry their spéwn attached onto their pleopods.
Ovaries are amall, smoofh and cream coloured. Seminal recepta-
cles contain sperms. Ovarian wall becomes thick and the
germinal zone consists of numerous oogonia, premeiotic and

| previtellogenic oocytes. A few primary vitellogenic oocytes

also develop at peripheral region of ovary..

ii, Early matqring stage (October-November): Ovaries increase
in size and are coloured deep yellow., Externally they appear
granular owiné to the preponderancé of primary and secondary
vitellogenic oocytes in them, Germinal zone contains few

residual oogonia and previtellogenic oocytes.

iii, Advanced maturing stage (December-February): Ovaries
become enlarged, convoluted and orange in colour, Large orange
ova bulge out on the surface of ovaries. Tertiary vitellogenic
oocytes are commonly present but a few secondary ones also occur,
Premeiotic and primary vitellogenic oocytes are rare in the

ovaries,

iv, Mature stage (March-April): Ovaries attain a maximum size
and deep orange mature ova are visible through the thin ovarian
wall., The gonad index also reaches to a maximum value in April

and is in conformity with the aversge ova-diameter (Fig. 54).



Fig. 51: Histology of female gonad of M, hendersoni |
hendersoni (de Man) I

51;1: Tranéverse section of ovary, June specimen.
| x 40, | _ ,
51,2t Section passing through oviduct (0OVD)
x 40,, |
51¢3: LS. of ovary showing germinal zone (GZ)
- x 140,, | ‘ . |
51,43 Oogonium (0G) showing mitotic figure (MF),
yolk droplets (YD) appear in peripheral.
ooplasm of primary vitellogenio‘oocytef

‘(on) x 380,

51.5: Showing pre-meiotic oocyte in germihal
zone x 380 (DF, discharge follicle;
GZ, germinal zone; 0G, Oogonia; OS, ovarian
stroma; OV, ovary; OVW, ovarian wallj .
PMO, preQmeiotic oocytes; PO, pre-vitello-
genic oocytes; PVO, primary Vifellogeniq-
oocytes; SK, Synezesis Knot; SR, Seminal

receptacle),



Fig.51



Fig., 52: Histology of femaleAgonad.oi M. hendersgoni

hendersoni (de Man)

52,63

52,7

52,8;

52,9:

52410

»Primary vitellogehib>oocyte showing yolk

droplets (YD) éxﬁéﬁdéd towards perinuclear

~régidn (PR), Displacement of nucleolus is

due to mechenical disturbances during. -

section cutting x 140,

‘An enlarged portion of above showing

A ;Vaouoles'(V} inside yolk droplets (YD)

x 380,

Yolk granu;es (YG)- and yolk vesicles (YV)
in periphery of sécondary*vitellbgénic
oocyte x 70; |
Vacuolation of yolk droplets (YD) to form

'yolk vesicles (Yv) x 380,

Portion of secondary vitellogenic oocyte
showing light yolk grannules (YG), dark
yolk droplets (YD) and}yoik vesicles (YV)
x 380, '

' (DF, discharged follicle; FL, follicular

layer; N, nucleus; VM, vitelline membrane).

Y






Fig. 53: Histology of the feméle gonad of M hendgrgogé
hendersoni (de Man) - .

53.11: Secondary vitellogenic ococyte showing
vacuolation of yélk droplefs.(arrow)y

Perinuclear region is yolklesé x 40,

53u12;};Snowing‘vacublation (V) and eccentric
position of nucleolus (ML) x 380,

53.13: Secondary vitellogenic ococyte showing
yolk globules (YGL) and yolk vesicles
(YV), Yolk droplets (YD) are in |

" background -x 60,

53.14: Tertiary vitellogenic oocyte filled
with yolk globules (YGL) and yolk
vesicles (YV), Perinuclear region (PR)

is occupied by yolk x 60,
53,15¢ Ripe ovum filled with yolk globulés
‘ - (YGL) and yolk vesicles (YV) x 40,
(FL, follicular layer; MNY, nuclear
membnahe; PR, Perinuclear region; -

YG, yolk granules; YV, yolk vesicles).
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3,2¢2¢ Gonad-Index (GI):

The gonad index which is an indicator of the state of

- maturity and gonadal development, has been calculated for males
and females separateiy and has been presented in terms of their
monthly fluctuations(Fig. 54)., Gonad index is minimum in
G?§§§§E§§-December and reaches a peak in April and is in

conformity with the histomorphological changes in the gonads.,

3020'3. Size at first ma’tuI‘i'ty:

In both M. hendersoni hendersoni and M. hendersoni
cacharensis, maturity first appeared in specimens belonging to
length group 35,1-40,0 mm (Table 23). However, male populations

are found to encounter faster maturity than the females.

3e2444 Courtship and mating:

In two instances, the courtship and mating behaviour
involving both male and female prawn, M. hendersoni hendersoni
in the laboratory aquarium was observed. At 09.30 hours the
female moulted and started courtship behaviour at 10«45 hrs,
(distinct post-moult swimming movement). Males attracted to
females were hard shelled, Mating involved contact between the

- ventral sides of both marle and female at different position,

3.2.5, Sex ratio and spawning;
The sex ratio of males:females during different periods
of the breeding cycle which is arbitrarily divided into the

pre—breeding months (January-March). Principal breeding months



Table 23:

Matulty percentage at various 1ength groups of the
. two palaemonid prawns

-y

Size grQUP‘(mm)g Sex Aimmatu;j*ﬁ%—Afaturiif* A*Méi_.g**
| 15.0-20.0 31000 100 - I -
RETI IRt T
25:1-30.0 PR RS BS B3 O
SO GO S B -
35.1-40.0 R L - I s
wass0 T %0 T X 108 B 00
#5:1-50.0 s I D &8 s Bl TRS
5041=55.0 p - - - D o3 ALK
,5;;1-60.0 ‘fn - - - :‘ 188:8 109'.0
e R
s} I T 1 RE RS
704 1=75.0 f; - : - - }88:8 :
754 1~80.0 c I; - - - - }88:8 -

" A¥ = Macrobrachium" henaersonl hendersonis B¥¥ = Macrobrachlum
f = female, .

hendersoni cac har'engls.

m = male;



Table 24: Percentage composition of breeding population of M. hendersoni hendersoni size group
40,0=-55,0 mm in different periods of the breeding cycle- '

I 1 Station A, ' Station A, 1 Station A,
Breeding | Months } } -+ _
Cycle ! !Frequancy Male Female ! Frequency Male Female| Frequency Male Female
' ; (%) (%) i (%) (%) P (%) (%) -
o Jan,' 79 A 100,0 00,0 6 83,3 16,7 3 100,0 00,0
Brooding Febe 12 83.3 16,7 9 77.8 22,2 2 100,0 00,0
eeding Mar, 1l 78,5 21.5 15 80,0 20,0 5 80,0 20,0
. Apr. 15 733 25.5 9 66.7 3343 7 85.7 1b.3
Principal May 14 571 42,9 15 53,3 4647 7 Tie4  28.6
Breeding -Jun. 16 62.5 375 16 62.5 375 6 66,7  33.3
Jul, 20 70.0 30,0 29 61.9 3841 9 66.7 33.3
Aug, 21 T1.4 28,6 17 6Le7 3543 10 80,0 20,0
Sep. 22 727 273 14 1.4 28,6 13 69,2  30.8
Poct Oct, 9 77.8 22,2 14 78.6  21.4 9 T77.8 20,2
po s ing Nov. 16 8143  18.7 19 78.9 2141 3 100,0° 00,9
reeding  peg, 6 100,0 00,0 9 88.9  11.1 L 75,0 25,0
Pr Jan.'80 6 83.3 16.7 8 . 87.5 1245 7 85.7 14.3
Bre‘d. Feb.: I 7.6  21.4 10 - 80.0 20,0 9 77.8 22,2
creeding  war, 16 75.0 25,0 W% 78.6 214 13 769  23.1
pr. 17 64.7 35.3 1 643 35.7 21 66.7  33.3
o May 15 73¢3 26,7 17 70.6 29,4 2L 58.3 41,7
Principal Jun., 17 6h.7  35.3 18 50,0 50,0 15 60,0  40.0
Breeding J.p. 25 66.7 33.3 23 - L3,4 56,6 21 66,7 33.3
4 . .8 18 14 o . .
e 3 %8:8 348 e 8Ly 23 3 e B
Post oo k. 12 83.3 16.’ 4 79.4 28,6 3 84,6 15.?
Breeding Nov, 16 81,3 18,1 5 8?.0 20,0 2 85.9 16,
DecC. 9 77.8 22,2 1 81.8  18.2 5 80,0 20,0




Table 25: Percentage composition offbreeding pepulation of M, hendersoni cacharensis size group
40,1=50,0 mm in different periods of the breeding cycle '

p R Station B, } Station B, i Station B,
Breeding { Months ! ; - %
Cycle ! ! Frequency Male Female Frequency Male Female Frequency Male Female
; ; (5 ()} o% () 1 (%) (38)
Pre— Jan.'79 5 80,0 20,0 7 85.7 14,3 7 857 1443
Broeding FePe 9 77,8  22.2 14 78.6 21,4 13 84,6  16.4
reeding  Mar, 11 72,7  27.3 18 77.8 22,2 18 83.3 16.7
Apr., 14 64e3  35.7 19 73.6 26,4 21 81,0  19.0
Principal Jun, 18 55.6  Lh4.bL 23 65.2 34,8 25 64,0  36.0
Breeding JU.].. 12 6607 3307 21+ 7O¢8 2902 2.5 7200 2.800
Aug, 14 Ya P 28,6 25 71.4 28,6 35 T1elt 28.6
Sep. 17 76.5 23.5 35 71.4 28,6 36 69el 30,6
Post Oct. 7 714 28.6 11 72.7 27e3 12 7.0 25,0
B°S i Nov. 10 100.0 00,0 S 77.0 23,0 18, 83,3 16.7
reeding pee, 1% 85,7 1.3 11 90,9 9.1 1 8547 1b4.3
p Jan,*'80 5 80,0 20,0 7 85.7 143 7 100,0  00.0
Bre‘di Feb, 11 81.8 18.2 14 85.7 1443 1% 78.5 21.5
reeding mar, 12 83.3 16.7 17 . 82.3 AT.7 19 89.5 10.5
May 16 68,8 31.2 13 69,2 30.8 25 4,0 36,0
PrinCipal Jun. 18 6607 330 3 18 61 | 3809 27 660'7 335 3
Breeding Jul. 12 72.2 27.8 23 69,5 30.5 25 72,0 28,0
Aug. 14 6lhe3 3547 43 76.7 2343 36 69.4 30,6
Sep. 18 72,2  27.8 35 - 714 2846 34 73.5  26.5
Post Oct. o7 714 28.6 12 75,0  25.0 13 76,9 23.1
Breeding Nove 10 80.0 20,0 12 83.3  16.7 14 BJ6 214
Feeding pe, 15 86,7 13.3 10 50,0 10,0 15 93.3 6.7 -

l¢
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(April-September) and post-breeding months (October-December)

is given in tables 24 and 25, In general, during the pre-
breeding season the ratio of males to femaleg is quite higher

in both M. hendersoni hendersoni and M. hendergoni cacharengig.
During the breeding season, the percentage composition of

female comparatively increases to certain extent (Tables 24,

25)

The cycle of maturation and geasonal gonad index values
provided good indications of the extent of development of
ovaries with respect to the time of the year, The presence of
ovigerous setae and deep pleura among the females are treated as
sign of active spawners. In M. hendersoni hendersoni, the
spawning period starts from the month of April to September

while in M. hendersoni cacharensis, it continued from April to

October (Tables 24, 25). The factors contibuting to the larger
spawning period, is the maturation of continuous batches of ova

thrbughout the season.

3.3, BROOD SIZE AND REPRODUCTIVE EFFORTS:

The maximum brood size recorded for M, hendersoni

'}

hendersoni and M. hendersoni cacharensis was 61 and 74 Cf;;jq;

respectively, The sizes of eggs in the advanced developmental
stages are'lérger than those of the earlier stages., Three such

stages of eggs are recognised:

Stage I: Soon after spawning: Eggs dark green in colour, In
some, hexagonal markings and oil globules present.

Eyes absent,
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Stage II:  Streaks of pigmented (pltted) eyes noticed in the
embryo. Eggs light green in colour,

Stage III: The egg turned yellowlsh green with developed eyes,
Occasional Jjerky movement of the embryo noticed

Just before hatching,

The egg sizes of M. hendersgoni hendersoni are found to be
larger than M. hendersoni cacharengis. The log of brood size
shows significant positive linear correlations with the log of
body length, weight, pleuron width, ovigerous setae number,
ovipositing setae number andpre-eyed egg volume (Table 26)., In
M. hendersoni hendersoni, log of brood size also exhibited
positively significant correlations with the eye pitted egg
volume and.eyed egg volume but these r-values were found to be

marginal . in M. hendersoni e¢acharensis (Table 26), The

observed brood size number aga@nst observed body length, body

weight, pleuron width, ovigerous and ovipositing setae number,
pre~eyed, eye pitted and eyed egg volume are plotted and their
parabolic relationship has been obtained (Figs. 55, 56,.57-.

The log of relative brood size exhibited negative
correlations with the log of respective body weight, pre-eyed,
eye pitted and eyed egg volume (Table 26). The observed values
of relative brood size is plotted against respective relative
brood weight,pre-eyed, eye pittedand eyed egg volume and their

parabolic relationship hés been obtained (Figs. 56, 58) .
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Table 26: Regression eguations (Log Y = Log a + b Log X) and their
co~efficient correlations (r-values) of certain biological

parameters of the berried prawn populations

Parameters M. hendersoni hendersoni

M. hendersoni cacharengis

Brood size (Y) Log Y=0.3288+0.8237 Log X

Total body length(X)

Brood size (Y) Log Y=1,54

Body weight (X)

(r=0,8237)

7+0,8235 Log X

r=0,9892)

Brood size (Y) Log Y¥1.9728+O.9952)Log X

Pleuron width(X)

Brood size (Y) Log Y=0,2551+0,9078 Lo

Ovigerous
Setae number (X)

(r=0,9884

(r=0,9528)

g.X

Brood size (Y) Log ¥=-0,0501+0,9590Log X

Ovipositipg setae
number (X)

(r=0,9916)

Brood size (Y) Log" Y=1.3885+0,3878LlogX

Pre eyed egg
Volume (X)

(r=0,6281)

Brood size (Y) Log ¥=1,331+0,4121 Log X

Eye pitted egg
volume (X

(r=0,6122)

Brood size (Y) Log Y=1.2189+0,4657 Log X

Eyed egg volume(X)

Brood size (Y) Log Y=7,4248=3,8201 Log X

"~ Relative brood size(X)

Brood size (Y) Log Y=-
Relative brood weight(X

Relative broad .Log Y=

size(Y)
Body weight(X)

1,5#?

(r=-=0,8217)

r=-0,8213)

(I'=—0.8284)

7-0,1766 Log X -

Relative brood Log Y=1,6081=0,1251 Log X

size (Y)

Pre—eyed 8gg Volume(X)

(r==0,7845)

Relative brood Log Y=1,6275=0,1348 Log X

size (Y)

 Eye pitted egg. volume(X)

r==0,7754)

Relative brood Log Y¥=1.6626~0,1500 Log X

size (Y
eyed egg volume(X)

(r==0,7799)

Log
Log
Log

Log

Log

Log

Log

Log
Log
Log

Log

Log

Log

Log

Y=0,2695+0,9436 Log X
, (r=0.9782)

Y=1,6664+0,9504 Log X
(r=0,9803)

Y=1,9542+0,8581 Log X
(r=0,9517)
Y=0,3077+0.9%56 Log X

r=0,9831)

¥=0, 1795+0,8862 Log X
(r=0,0884)

¥Y=1,6747+0.,2631 Log X
(r=0,4992)

Y=1,6695+0,2317 Log X
(r=0,4694)

¥=1,6568+0,2541 Log X

(r==0,5277)

¥=1,8422+0,1552 Log X
(r==0,5209)

Y=1,6606U=0,0494 Log X
(r==0,5143)

Y=1,6938~0,06231 Log X
(r=~0,8467)

¥=1,6995=0,0631 Log X
(r=0,8489)

Y=1,7077=0,0655 Log X
~ (r==0,8471)
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34y LARVAL DEVELOPMENT:

In berried females, the pleopods showed constant
movements, Though no records were maintained of the frequency
of movements, it appeared that there was an increase in the
rate of pleopod movements as the time for hatching came neafer.
Feeding of the berried females was necessary. In some cases,
where the female were not supplied with food there was no

hatching.

30 L"o Te HatChing:

Hatching was a very slow and gradual process, only six
or seven larvae hatched at a time and about ten to fifteen
larvae per day which continued over a period of three to twelve

days. Comparatively, l, hendersoni hendersoni took a longer

period for hatching than M. hendersoni cacharensis. On
emergence through a "teer" in the egg membrane, the larvae were
observed to crawl rather than swim wiliks the zoeal stages of
other caridean prawns, An interesting feature was, the larvae
immediately on hatching, were observed to be clinging to the
body of the mother on various parts like pléopods, abdomen,
carapace, rostrum etc, This tendency of clinging to the mother
continued for sometime, after which they were observed to dart
away either on their own accord or when disturbed, But, in case
of M., hendersoni cacharensis, the situation varied to some
extent, some of the larvae passively sank to the bottoonf the
vessel but within a few minutes they started swimming,

sheltering along the sides of the container,
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In both the palaemonid prawns,'ﬁ' héﬁaergog; ‘endggé oni
and M hendersoni caoharen51 Sy it was 1nteresting to observe
that like in adults, the ohelate legs, partioularly the
oonsplcuously large second 1egs, were used ln feedlng act1v1ties
of the larvae, There were some seasonal variatlors1n.hatching

period. The eggs of berrled females of M hendersoni hendersoni

of May 1980 batch took 4 to 6 days to hatch after extrusion but
in females that came in berry in late September 1980, the

' hatchlng per;od verled from 3 to 8 days;. In case of
M;"hehdersoﬁi cgcaaféhéig; the eggs of berried females of May
1980 batch took 5 days to hatoh after extrusion but in September

1980 group, the hatchlng perlod varied from 3 to 10 dayse

3.#;2; Descrlptlon of larval stages.

In: MACROBRACHIUM HEJDLRSONI HENDLRSONI (de MAN):

L Flrst lerval stage (Flg. 59) | o

Carapace length = 3,3 mm; Abdodinal iéhgﬁh = 4,3 mm
Description (Fig. 59)§_Carspace smooth except for a prominent
antennal spine foliowed posteriorly by a smalier spine which
probabiy represents the future hepatic spine, ﬁhough situated
somewhat like branchiostegeal; Rostrum serrated, reaching
almost to the end of. antennular peduncle and with fine setae in
between the teeth on either margins; Mld-rlb prominent and
slightly curved., Rostral formula 6/2; No postorbital teeth.
Eyes large, stalked, oompletely free from carapace. unlike the
sessile eyes of the first stage of other known larvae of the

genus, Macrobrachium,
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Ag&ggggigv(Fig.59.d): As in adult, peduncle.}-segmented; both
stylocerite and antero=lateral spines prominent, sharply
pointed; Basal segment with a ventral spine pointing anteriorly.
Statocyst without any statoliths, but its region demarcated by
small bristles. Inner flagellum 9 segmented; outer flagellum
with 2 basal segments fused and of its 2 branches; the smaller
branch 2 segmented and tipped with 2 aesthetascs while the
longer branch with 12 segments bearing wminute setae. The

aesthetascs are peculiarly -shaped, like the corn of the millet.

Antenna (Fig.59.e): 3 segmented peduncle; well developed scale
and long flagellum (consisting about 40 segments); spine of the
bascecerite blunt; antemnal peduncle (endopod)carrying plumose

setae,

Mandible (Fig.59.f,: Incisor and molar processes are well
developed; the former with 2-3 blunt teeth, while the latter
still a blunt projection unlike the toothed process of the adult.

P?lp absent,

Maxilla I (Fig.59.g): Structurally like that of adult, but the
coxal and basal endites with 1 and 3 large + 2 small teeth
respectively; distinctly bilobed palp, the upper lobe narrow and

tubular while the lower broader, bearing a small seta.

Faxilla IT (Fig.59.h): Like in adult except for the . endites
being less setose, coxal with 4 and basal with 7 denticles. Palp

with one small marginal seta; scaphognathite fringed with about
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42 plumose. setae.

All three maxillipeds resemble those of adult ‘but the
fldgellaripOrtion'of exopods still retains long plumose

netatory setac.

Mézgl;igaa I (Fig, 59.1): The two endites of portopod large
and armed with only a féw'small tuburoies. Endopod or palp
unsegmented, reaching upto scale-like basal portion of exopod.
Flageller portion of exopod with 4 long, plumose, terminal

setae. Epipod though bilobed, more elongated than in adult.

Maxilliped II (Fig. 59.j): Endopod 5 segmented, incurved,  exopod
flagellap with 4 netatory setae; Future podobranch represented

by gill bud.

Maxilliped IIT (Fig. 59.k): Endopod less setose than in adult.
:Exopod,with 4 netatory_setae; reaching to the tip of the basal

-segment of endopod. A rudimentary epipod present,

Pereiopods (Figs. 59.1-p): Resemble those of adults; 1st and 2z
'ﬁéifs ¢beléte,vsmooth except .for presence of a few setae, 1st
being mpéh(smaller than the 2nd,A:2nd cheiiped like in adults
prominently larger than all the rémaining pereiopods. 2rd to
5th pereidpods similar, with a narrow Lointed dactylus but the
terminal spines being much longer than in adults; also propodal
spine;iof adult yet to develOp;tnudimentary pleurobranches

present one each on all pereiopods.
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Abdomen (Fig. 59.a): 6=gegmented; 1st to 5th segments smooth,
but 5th with 2 delicate hairs postero-laterally; 6th with the
dogsolateral spines of adult in addition to 2 characterigtic

short plumose setae posteriorly.

Pleopodg (Fig., 59.r-t): Five pairs of pleopods on 1st to 5th
segments; 1st pleopod as in adult with rudimentary endopod,
about 1/3 of exopad in.leﬁgth and with only 1-2 setae; 2nd to
5th with endopods reaching more than 2/3 of exopod and bearing
5=8 setae each. A distinct appendix interna bearing 34 minute
hooks on all pleopods except the 1st; Exopod setae 7~9 on 1st

and 10~15 on remaining pleopods.

Telgon (Fig. 59.q): Characteristic, almost zoeal, but having a
broadly rounded posterior margin with a very faint median notch.
Process formula = 10 to 13 + 10 to 13. Uropods are represented

only as buds‘seen through the telson cuticle,

Chromatophores: The larva appears yellowish-brown in colour

with numerous orange~red stellate chromatophores densely
scattered all over the body. In addition, the larva has the
following chromatophores: Orange~red reticulate profusely
distributed on the eye stalks and at the base of fingers of 2nd
perelopods; violet~brownish red reticulate forming a dense
transverse stripe dorsally in posterior half of 3rd abdominal
.segment; light=-brownish reticulate ventrally between the \

- pleopods of either side and diffused deep violet=brown at the

Junction of eyes and carapace.
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Time for st moult: 2 days in observation I (May, 1980) and
2=3 days in observation II (September, 1980),

II, Second larval.stage (Post larva):

Carapace length: 3,7 mm;  Abdominal length: 4,8 mm,

 Desoription (Fig. 60.a): Rostrum more setose than in 1st stage
 particularly on lower margin, rostral formula 7/2; Eyes large
with cylindrical stalks and7comp1etely force from_carapaoe; The

. density-of the chromatophores decreased.
.”.Anfenpula (Fig, 6Q,q);, With 2 fused basal ségments'of outer

| 4fiégéllum; statocyst more expanded.
Antehna~(E;g.i60;e)t External spine of basicerite now more
sharp énd{prominentﬁresembling'that.bf.adult. Flagellum with

addition of 5-6..segments.

Mandible (Fig, 60.f): S With &4 sharp'sub4equal'teéth on incisor
and 2—31blunt tooth like projections on molar process; palp not

yet developed,

Maxillae and maxillipeds (Figs. €0.g~k): Become more setose
like in adult.

Pereiopods (Figs. 60,1-p): No appreciable change éxcept for
propodus of last 3 legs now bearing more delicate spines on its

posterior margin.



Abdomen (Fig, 60.a): 6th segment now with 3 pairs of postero-

lateral setae, Practically no change in pleopods.

Telson (Fig, 60.q): Still unlike that of adult; iong, narrow,
réotahgular with slightly convex posterior margin, Of the 20-
26 brocesses in previous stage, the first 8 now become spines

grédually increasing in size distalwards and shifted on either

lateral margin. Posterior margin with 15 »lumose setae.

Uropods (Fig., 60.q): Well=developed and functional protopod with
a;Shéfp spine, Both rami almost equal reaching to the tip of
telson; a terminal tooth with a movable accessory spine on its

inner side on outer ramus.

Time. for 2nd moult: 2-4 days in observation I (May, 1980) and

3-5 days in observation II (September, 1980).

III, Juvenile stage (Fig. 61):

Carapace length: 4,0 mmj Abdominél length: 5.2 mm,
Description (Fig. 61.a & c): No change in rostrum; the future
hépéﬁic spine shifted little upwards towards antennal spine;

'eyes unchanged.

Antennule (Fig. 61.d): Flageller segments increased in number
13 on the inners; 14 on longer branch of outer. Smaller branch

of outer flagellum with 4 aesthetascs arranged.

Antenna (Fig. 61.e): No change except for increase in number of

flageller segments to about 46,



rF-'ig.59 First larval stage of M. hendersoni hendergonl
(De Man) :

(a, lateral vieu; b, dorsal vieu; c, cdrepuco;

' d, antennule; e, antenna; f, mandible; g, 1st
maxilla; h, second maxilla; 1,.1.t'max1111pgd;
j, second maxilliped; k, third maxilliped; 1,

',n, n, o, Pt 1st to firth pereiopod; q, teleon/
telson uwith uropod; r, o; t 1 1st, second and
firth pleopod). ‘
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Fig.60 Second larval stage (Post larva) of
, M. hendersoni hendersoni (De Man)

(a, laterel viaeuw; b, dorsal vieu; c, carapace;
d, antennule; e, s tenna; f, mandible; g, Tst
maxilla; h, second maxilla; i, 1st mexilliped;
j, second maxilliped; k, third maxilliped; 1,
@, n, 0o, P : 1st to fifth perelopod; q, telson/
telson uith uropod; r, 8, t 3 1st, second and
rirth pleopod).



hendersoni (De Ma

Fig.6l Juvenile stage of M. hendersoni
n)

(a, lateral view; b, dorsal vieuw; c, carapace;
d, antennule; e, antenna; f, mandible; g, 1st
maxilla; h, second maxilla; i, 1at maxilliped;
J» second maxilliped;‘k, third maxillipad; 1,
m, n, o, p : 1st to fifth pereiopod; q, telson/
telson with uropod; r, s, t : 1st, second and
fifth pleopod).
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Mandible (Fig, 61.f): With more molar projections; palp still

absent,

Maxillae and maxillipedg: No apprecial change except for
increase in number of setae and epipod of 1st maxilliped (Fig.

61.1) broadening slightly, resembling that of adult.

Pergiopods; Only change in pereociopods is increase in number
of setae, especially on 1st pereiopods(Fig, 61.1).

Abdomen and I'leopods (Fig., 61.a,r, s): Almost as in previous

Sta‘.gec‘ ‘

Telson (Fig. 61.q9): Longer and narrower than in previous stage
but with a group of fairly long setae basally on dorsal side.

No change in pfocess formula but, out of the 4 pairs of lateral
.spines, the proximal 2 pairs now shift inwards and become dorsal
in position resembling those of adult. Posterior margin rather

straight,

Uropods (Fig. 61.q): Very active; slightly increased in length,

‘over reaching telson as in adult.

In: MACROBRACHIUM HENDERSONI CACHARENSIS

First larval stage (Fig. 52)

Carapace length : 2,5 mmg Abdominal length : 3.6 mm,

Description (Fig. 62.a & b): Carapace with prominent antennal

and bfanohiostegal spines: rostral formula 6/3; eyes large,



stalked; completely free from carspace; chromatophores
condentrated mostly near abdominal region; antenna and mouth
parts developed; five pairs of pereiopods presént; abdomen with
six segments and with five pairs of pleopods; telson separated

from 6th abdominal segments,

Antennule (Fig. 62,d): Peduncle 3~segmented; outer fiagellum
with two aesthetes and inner long spine like setée; inner margin
of the antermular peduncle with thirteen plumose setae, three of
them encircling the terminal segment of peduncie; large number

of setae present on all Joints on outer margin of peduncle,

Antenna (Fig. 62.e): 3 segmented peduncle; well developed scale
and long flagellum (consisting of about 21 segments)., The scale
provided with 17 plumose setae along its inner margin and a

distinct spine at the distal extremity on the outer boarder.

Mandibles (Fig. 62,f): Incisor and molar processes marked from
each other; incisor process with one tooth and two denticles and

molar process with two denticles.

Maxilla I (Fig. 62,g): Endopod bifid; proximal lacinia with &4

spines and distal with one spine.

Maxilla II (Fig, 62.h): Exopod with 26 plumose setae along its

margin, the hindmost seta along and direct bagkwards, endopods
with a single setae at its extremity; endopod carrying three
‘masticatory processes, 1st with four, 2nd with three and 3rd

with two gsetae.
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Maxillipeds (Fig. 62.1-3): Three pairs'of well-de?eloped
biramous maxlillipeds with setose expodites; basal segment of
18t maxilliped expanding and carrying short and thick
endopodite, a bud~like epipodite also presentj maxillipeds II
and III almost identical,

Pereiopods (Fig, 62,1-p): Five pairs of pereiopods present;
segmentation between its articles not distinct; chaelae of
pereiopods 1st and 2nd faintly marked; few setae appearing on

the segments of 3rd to 5th pereiogods.

Pleopods (Fig., 62,r): Five pairs of biramous pleopods; each
pléopod 2 segmented,

Telson (Fig. 62.9): Chafacteristic, almost =zoeal, but having
a broadly rounded posterior margin with a very faint median

notch; carrying 9 + 9 setose spine.

Chromatophores: Larva semi transparent; distal margin of
antennular peduncle with reticulate orange on the anterior and
posterior dorsal margins of eye; Junction of eye and carapace
with diffused violet chromatophore located on a dark back-
ground, stellate red chromatophores also on the base of each
maxillipeds as well as five pairs of pereiopods; abdominal
chromatophores situated on 3rd-4th abdominal segment (on

~ lateral side) and ventrally on 4-5th abdominal segment; an
additional dendritic orange red chromatophore also situated at

the base of telson,.
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Time for gt moult: 2 days in observation I (May, 198Q);

1=2 days in observation II (Septemher, 1080},

II., Second Larval stage (Fig. 63)
Carapace length: 2,9 mm; Abdominal lenglh: 4,0 mm,

Description (Fig, 63.a & b): Carapace developed with an
eplgasteral hump, well developed supra-orbital, bhranchiostegal
and pterygostomian spine; rostrum serrated, reaching almost to
the end of antennular peduncle and with fine setae in between
the teeth on either margins (Fig. 63.c). Mid-rib prominent and
slightly curvéd; rostral formula 8/4, No post orbital teeth;
large stalked eyes completely free from carapace; Orange red
chromatophores on eye peduncle and also in the epigastric region

of the carapace.

Angennule (Fig. 63.d): Antennular peduncle expanded and
3~segmented; both stylocerite and antero-lateral spines
prominent, sharply pointed. Basal segment with a ventral spine
pointing anteriorly; statocyst without any statoliths, but its

- region demarcated by small bristles; Inner flagellum 13
segmented; Outer flagellum with two basal segments fused out of
its two branches, the smaller branch 4 segmented and tipped with
2 aesthetcascs which looks like corn of the millet, loﬁger

branch with 15 segments bearing minute setae.

Antenna (Fig. 63.e): As in adult with 3-segmented peduncles,

well developed scale and long flagellum (consisting of about 40
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segments), but the spine of bagicerite rather blunt.

Mandible (Fig. 63.f): Well developed incisor and molar
processes, the former with 2«4 blunt teeth, while the latter
still a blunt projection unlike the toothed process of the

édult; pulp absent.

Maxillg I (Fig. 63.g): Structurally like that of adult, but the
coxal and basal endites with only 1 and 3 1arge + 2 small teeth
respectively., Palp distinctly bilobed, the upper lobe narrow

and tubular while the lower broader, bearing a small seta.

Maxillg II (Fig. 63.h): Almost as in adult except for the two
endites being less setose, coxal with 4 and basal with 7
denticles; Palp with one small marginal seta; Scaphognathite

fringed with about 45 pulmose setae.

Maxilliped I (Fig. 63.i.): The two endites of protopod large
and armed with only a few small tubercles; Endopod or palp
unsegmented, réaching up to scale-like basal pertion of exopod.,
Flageller portion of exopod with 4 long, plumose, terminal

setae, Epipod though bilobed, more elongated than in adult.

Maxilliped II (Fig. 63.j): Endopod 5-segmented, incurved;
exopod flageller with 4 netatory setae. Future podobranch

represented by gill bud.

Maxilliped IIT (Fig. 63.k.): Endopod less setose than in adult,

Exopod with 4 netatory setae, reaching to the tip of basal
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segment of endopod., A rudimentary eoipod present,

Pereiopods (Fig. 63.1-p): Resemble those of adults; 1st and ond
pairs chelate, smooth except for presence of a few setae; 1st
being much smaller than the 2nd; Like in adults, 2nd cheliped

prominently larger than all the remaining pereiopods; 3rd to 5th

pereiopods similar, with a narrow pointed dactylus but the
terminal spines being much longer than in adult; also propodal
spines of adult yet to develop; Pleurobranchs present on all

pereiopods, on each as in adults, but rudimentary.

Abdomen (Fig, 63.a): 6-segmented, 1st to 5th segment smooth,
but 5th with 2 delicate hairs postero-laterally; 6th with the
dorsolateral spines of adults in addition to 2 characteristic

short plunose setae posteriorly.

Pleopods (Fig. 63.r & t): 1st pleopod as in adult with rudimen-
tary endopod, about 1/3 exopod in length and with only 2 setae;
ond to 5th with endopods reaching nbre than 2/3 of exopod and
bearing 7-9 setae each. A distinct appendix interna bearing 2-3
minute hooks on all pleopods except the 1st; Exopod setae 9 on

1st and 12 on remaining pleopods.

Telson (Fig. 63.q): Developed as post larva; 26 plumose setae at
its distal boarder; uropods are represented only as buds seen

through the telson cuticle,

Time for ond moult: 2 days in observation I (May, 1980) and

2mly days in observation II (Septembér, 1980) .



III., Third larval stage (Post-larva):

Carapace 1eng£h: 303 mm; Abdominal length: 4.2 mm,

Desoription(Fig. 64a): Rostrum more setosc than in 2nd stage
particularly on lower margin, Eyes large with cylindrical
stalks and completely free from carapace. Cornea unlike in

adult not broader than stalk,

Antennule (Fig. 64.d): Statocyst seen at the more expanded
base of antennular peduncle, sensorial setae arranged theme
selves along a circular arc on statocyst; with 2 fused basal

segments of outer flagellum,

Antenna (Fig. 64.e): External spine of basicerite now more
sharp and prominent resembling that of adult. Flagellum with

addition of 2-3 segments,

Mandible (Fig, 64.f): 43 sharp sub-equal teeth on incisor and
2-3 blunt teeth like projections on molar processes; palp not

yet developed.

Maxillae (Fie, 64.z, h): and Maxillipeds (Fig, 64,i-k): More

setose and developed like‘adult.

Pereiopods (Fig. 64.1-p): No appreciable change except for

prdpodus of the legs now bearing more delicate spines on its
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posterior margin.

Abdomen (Fig. 64.a2): 6th segment now with 3 pairs of

posterolateral setae; no ohange in pleopods.

Telgon (Fig, 64,q): Still unlike that of adult. Now long,
narrow, rectangular with slightly convex posterior margin, Out
of the 26 processes in previous stage, the first 3 + 3 now
become spines gradually increasing in size distalwards and
shifted on either ;ateral margin, Posterior margin with 20

plumose setae.

Unropods (Fig. 64.q): Well developed and functional protopod
with a sharp spine, Both rami almost equal reaching to the tip

of telson.

Time of 3rd moult: 2~-3 days in observation I (May, 1980), and

2=l days in observation II (September, 1980).

IV, Juvenile stage (Fig. 65):
Carapace length: 3.8 mmj; Abdominal length: 4.7 mm,

Description (Fig. 65.a): No change in rostrum; the future
hepatic spine (as explained in 1st stage) now shifted little

upwards towards antennal spine; Eyes unchanged.

Antennnle (Fig, 65.d): Flagellar segments increased in number
11 on the inner; 12 on longer branch of outer; smaller branch of

outer flagellum with 3 aesthetascs.
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Fig.c2. First larval stage of M. hendersoni
cacharensis (Tiwari)

(a, lateral viev; b, dorsal vieu; c, carapaoce;.
d, antennule; e, antenna; f, mandible; g, et
maxilla; h, second maxilla; i, 1st maxilliped;
J, second maxilliped; k, third maxilliped; 1,
m, n, 0, p : 1st to rifth pereiopod; q, telson/
telson with uropod; r, s, t : 1st, second end
rirth plaeopod).



Fig.63. Second larval stage of M.hendersoni cacharensis (Tiwari)

(a, lateral vieu; b, dorsal vieu; c, carapace;

. d, antennule; e, antenna; f, mandible; g, Tet
maxilla; h, eecond maxilla; i, 1et mexillipeds
J, second maxilliped; k, third maxilliped; 1,
m, n, o, p: 1st to fifth perelopod; q, telson/
teleon with uropod; r, o; L 1it, ssoond -and
fifrth plaeopod). .
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Fig.64. Third larval stage (post larva) ot M. hendersonl

‘cacharensis (Tiwari)

(a, lateral view; b, dorsal vieu; c, carspace;
d, antennule; e, antenns; f, mandible; g, st
maxilla; h, second maxilla; i, 1st maxilliped:
4§, sacond maxilliped; k, third maxilliped; 1,
m, n, o, p: 1st to fifth pereiopod; q, talson/

telson with uropod; r, s, t : 1st, second and
fifth pleopod). ‘



Fig.65. Juvenile stage of
(’Tiwari) g M. hendersoni cacharensls

(s, loteral view}; b, dorsal vieu; c, carapace;
d, antennule; e, antenna; f, mandible; g, st
maxilla; h, second maxilla; i, 1st maxillipeds
J, second maxilliped; k, third maxilliped; 1,
m, n, 0, p: 18t to Pifth perelopod; q, telson/
telson pith uropod; r, s, t ¢ 1at, second end
£ifth pleopod).
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Antenna (Fig. 65.e): No change except for increase in number
of flagellar segments to about 53,

M ble (Fig. 65.,f): Only more molar projectionsj palp absent.

Maxillae and maexillipedg: No appreciable change exogpt for
increase in number of setae and epipod of 1st maxilliped (Fig.
65.1) broadening slightly, resembling that of adult,

Pereiopodg: Only change is increase in number of setae,
éspecially on 1st and 2nd pereiopods (Fig. 65.1,m),

Abdomen and Pleopods: Almost as in previous stage,

Telson (Fig. 65.9): Longer and narrower than in previous stage
but with a group of fairly long setae basally on dorsal side,
No change in process formula but, out of the 3 pairs of lateral
spines, the proximal one pair now shift inwards and become
dorsal in position resembling those of adult. Posterior.margin

rather straight.,

Unropods (Fig. 65.q): Slightly increased in length, over

reaching telson as in adult.

3¢5+ FOOD AND FEEDING HABITS:

Both M, hendersoni hendersoni and M. hendersoni
¢acharensis are omniverous in terms of their food habits. The

chelate legs pick up the food and take it to the mouth, the

«°
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gecond and third pairs of maxillipedes held the food in
position for the mandibles to cut the food into small pleces by
thelr incisor processes; then food is transferred to the mouth,.
In the mouth cavity the molar processes of mandibles crush the

food which goes to the cardiac stomach through the oesophagus.

The observation on the monthly fluctuations in feeding
intensity of both M. hendersoni hendergoni and M, henderﬁgni'
cacharensis were based on their Gastro Somatic Index (G.S.I.)
values, and are illustrated in the figure 67, The fluctuatioﬁs
of G.S.I, values in different size groups of the prawns, have

also been presented in Table 27,

The foregut contents of the prawn have been grouped
into eleven broad categories, i.e. i) diatoms, ii) filamentous
algae, iii) other algae, iv) mosses and plant matter,

v) detritus, vi) nematodes, vii) oligochaetes, viii) crustaceans,
ix) insects, x) sand and silt particles and xi) miscellaneous.,
The miscellaneous groups include the gastropod remains and also

other unidentified matter.

3.5.a. In: M, HENDERSONI HENDERSONI (de MAN)

3e5¢as 1. Composition of foregut contents:

Percentage composition of different food items in the
foregut is illustrated in-Fig. 66. From the two annual cycle
data, the most relatively dominant items was found to be Insects

(13.13%) and rest in their descending order were: diatoms
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(13.02%), sand and silt particles (12.4%), detritus (11.88%),
filamentous algae (11.3%), other algae (11.,20%), nematodes
(7.96%), crustaceans (7.33%), mosses and plant matter (5.70%),
oligochaetes (4.68%) and miscellaneous group (1.40%). -

Regarding the identification of the different food
items, it was found sometimes very difficult to determine the
specles or even the genus to which the dlZiforent food items
belonged, as they were already subjected to strong action of
mastication. The following list of identifiable organisms,
recovered from the foregut of the prawn would indicate the

diverse nature of its food,

Diatoms:

Melosira spp., Achnanthes spp., Cymbella spp.,

Amphora sp., Navicula sp., Frustulia sp., Nitzschia SPey

Gomphonema sp., Fragillaria sp.

Filamentous algae:

Lyngbya spe, Oscillatoria sp., Anabaena sp., Nostoc

SPes Spirogyra sp., Cladophora sp.

Other algae:

Ankistrodesmus sp., Closterium sp., Cosmarium sp.,

Coelastrum sp., Pediagtrum sp., Micrasterias sp., Staurstrum sp.,

Nitrum sp., Ochromonas sp., Chlorobotrys sp., Mallomonas sp.
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Mogses and plant matter:

Colistella sp., Dichelyma sp., Erontinalig sp.,
Micromitrium sp., Hydriliasp., Lemna sp., Ceretophyllum sp.,

also some unidentified plant leéves.

Nematodes:

Lebronema sp., Diplogasters sp., Chronogagter SPey, also
some more unidentified Diplogasterid type.

Oligochaetes:

Chaetogaster sp., Branchiodrilus sp., Limnodrilus spe.,

Pheretima sp., also few more unidentified forms.

Crustaceans:

Branchionus sp., Keratella sp., Polyarthra sp., Cypris

SP., CYyclops sp., Moina sp., Daphnia sp.

Insects:

Baetis spp., Caenis sp., Microgpmpbus Ssp., Rhynocypha

Sp., Amphinemoura sp., Hydrometra sp., Limnometra spe,

Metrocoris spp.,.Microneéta sp., Ramphocorixa sp., Leptocella

sPey Oecetis sp., Chironommus sp., Simulium sp.

3e5e8e 2. Monthly fluctuations in the foregut contents:

The percentage composition of different food items in
the foregut and in the water sample fluctuated considerably and

in certain months the percentage composition of certain food
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Table 27: Monthly fluctuations in the average gastro-somatic index
(GeS.I.)

M. hendersoni cacharensgis

-M. hendersoni hendersoni ;
' Size groups (mm)

Months Size groups (mm)

po o0 wo cate b w2 wn s o}
ho <0 o ctlo v w0 w0 w0

20,0-40,0{40, 1-55.0155,1-80,0 | 20,0~40,0}40,1=50,04 50, 1~70,0
Jan.'79  1.9467  2.4456 2, 1762 2.6742 2.5842 2, 6424
Feb, 2,0874  2,6672 242674 2.9456 2.6236 2.8646
Mar, 2,8468  2,9866  2,6406 3.4562 3,5872 3,4896
Apr, 3,4267  3.842L  3,1245 3,9864  L,0564  3,8842
May 2.9424  3,0514 3,0866 3.,0452 3, 2463 3,6426
Jun. 3.0467 2,9426 3,4267  3,1674 3.6741 3477234
Jul, 2,8027  3.0011 249041 2.8946 3. 7242 34,6825
Aug. 2.967h  2.9824 3,024k 3,0855 3.6072 3.8423
Sep. 2,7468  2,5467 2,6445 2.8466 3,0567 2.9544
Oct, 2,8092  2.9524  2,4898 2.9622  2,9856  3,4425
Nov, 2.9426  2,3064 24 3864 3,0524 3.0674 2,974
Dec, 2.0456  2.4016 2,442 2.8641 3,1498 2.8968
- Jan.'80 2,0456 @ 2,4592 2. 1966 245933 2.6023 247196
~ Feb, C2.1427  2,6478 . 2,2734 - 2.8642 °  2,6436 29122
Mar, = 2.8643 3,0674 2,6523 3.4365 3,6696 343426
Apr. ' 3.4679  3,9226  3,1496 3.8642  4,1102 33,7798
May 2.9672  3,1423 3, 1042 3.0522 343233 3,6802
Jun, = 3.07k2 - 2.9327 3.4867 3.1987 3. 7024 345402
Jul, 2.8264  3,0247 2.,8564 C 2.,9646 73,5422 3,7106
Aug, 2,872  2,9959  3,0082 3.1162 3.8192 3.,8808 -
Sep. = 2.7526  2.5267 2., 7462 - 247869 3.,2239 3.,0824
Oct, 2.8342  2,9424 24147 2.9432  2.9498 3¢ 3472
Nov, 29267 2.3166 243627 3,073k 3,0749 2,984

Dec, 2.0844  2,413L 2.4006 2.9404 3,1197 24,9064
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ltems exhibited higher values in the gut than in the water
samples (Figs. 68, 69),

Diatoms were encountered in the guts throughout the
year, The fluctuations in the percentage composition ranged
from 10.0 (August, 1980) to 25.0 (December, 1979) and from 9.5
(May, 1979) to 22,0 (December, 1979) in the water sample and
foregut of the individual prawn respectively (Fig. 68).
Filamentous algae occurred throughout the year and varied in
its percentage composition from 5.9 (January, 1979) to 17.2
(May, 1979) and from 6,0 (February, 1979) to 19.0 (May, 1979)

ih the water sample and foregut respectively (Fig. 68).

The percentage composition of other algae ranged from
7.0 (January, 1979) to 16.5 (May, 1979) and from 18,6 (November,
1979) to 16,2 (May, 1980) in the water sample and in the fore=
gut of the individual prawn respectively, Mosses and plant
matter made up from 1.6% (January, 1979) to.a maximum of 10.4%
(May, 1980) and from 3.6% (February, 1979) to 7.8% (June, 1980)
in the water sample and in the foregut of the individual prawn
respectively (Fig., 68). The percentage composition of detritus
varied from 7.5 (June, 1979) to 27.0 (September, 1980) and from
6.0 (May, 1979) to 16.5 (January, 1980) in the water sample and
the foregut of the individual prawn respectively (Fig, 69). The
Oligochaetes group was not available during the month of
December-March, in both the annual cycle studied. Oligochaetes
made up from 2.0% (4pril, 1980) to 10.0% (June, 1980) and from
4,5% (May, 1979) to 10,2% (July,;1980) in the water sample and
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foregut respectively., The percentage composition of namatodes
fluctuated from 3,0 (May, 1979) to 10.8 (February, 1980) and
from 5,8 {May, 1980) to 10.4 (February, 1980) while the
crustacean fluctuated from 1,8% (December, 1979) to 10.6 (May,
1980) and from 3,5% (December, 1980) to 10,9% (May, 1980) in
the water samplé and the foregut of the individual prawn
regpectively, The insect group made up from 9.8% (May, 1980)
to a maximum of 30.0% (December, 1980) and from 7,0% (June,
1979) to a maximum of 22.4% (February, 1980) in the water
sample and foregut respectively (Fig. 69). The percentage
composition of sand and silt particles fluctuated in the range
of 0.2 (November, 1979) to 5,0 (July, 1980) and from 2.2
(January, 1980) to 19.3 (June, 1979) while the miscellaneous
group fluctuated in the range of 0.3 (March, 1979) and 2,2
(Septembér, 1979) and 0.4 (October, 1980) to 2.1 (June, 1980)
in the water samplé and the gut of the individual prawn

respectively (Fig. 69).

3.5.a. 3, Monthly fluctuations of the food composition in

three different size groups:

The relative importance of different food items among
the individuals of three different size groups (Total length:
20,0-40,0 mm, 40.1=55,0 mm and 55.1-80.0 mm) in-terms of their
percentage composition, have been presented in Table 28,
Salient features of the observations for one annual cycle

(January-December, 1979) is described below:
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Size group I (20,0-40,0 mm): The percentage compasition of

different food items i.e, diatoms, fllamentous algae, other
algae, mogses and plant matter, detritus, nematodes,
oligochaetes, crustaceans, insects, sand and silt particles,

and the miscellaneous group fluctuated in the range of 15.0
(June) to 25.0 (December), 4,2 (February) to 9.6 (October);

5.0 (February) to 9.6 (March), 1.8 (Febrﬁary) to 4,0 (September),
13,8 (May) to 30,0 (January), 4.2 (April) to 6,8 (July), 6.4
(May) to 11.0 (February), 2.4 (December) to 6.4 (May), O.4 (May)
to 7,0 (February), 15.0 (January) to 33.0 (July) and 0.1 (March)
to 0.7 (September) in the foregut of the individual prawn
respectively, The most relatively dominant item calculated was
the sand and silt particles (25.63%) and the rest in terms of
their descending order were: detritus (18,61%), diatoms (18.26%),
namatodes (8.40%), other algae (8.24%), filamentous algae
(7.98%), crustacean (3.83%%), oligochaetes (3.80%) mosses and
plant matter (2.85%), insects (2,09%), miscellaneous group
(0.79%),

Size group II (40,1-55,0 mm): The percentage composition of

diatoms, filamentous algae, other algae, mosées and plant matter,
detritus, nematodes, oligochaetes, crustaceans, insects, sand
and silt particles and the miscellaneous group fluctuated in the
respective range of.9.é (July) to 20.8 (December), 5.2 (February)
to 18.6 (May), 7.8 (February) to 12.9 (October), 4,0 (November)
to 7.6 (September), 8.1 (July) to 17.2 (February), 6.6 (April) to
10,2 (Februéry), 4,4 (May) to 7.8 (September), 4.0 (December) to
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11,0 (April), 7.2 (June) to 21,0 (February), 4,0 (November) to
20,4 (June) and 0.4 (January) to 1.2 (September) in the foregut
of the individual prawn (Table 28), The most relatively
dominant food item calculated was the sand and silt particles
(14,0%) and the rest in terms of their descending order were:
idatoms (13.88%), detritus (12.,56%), filamentous algae (12.40%),
other algae (11.39%), insects (8,78%), nematodes (8.22%),
crustaceans (7.54%), mosses and plant matter (6,00%),

oligochaetes (4.54%) and miscellaneous group (0.67%).

Size group III (55.1-80,0 mm): The percentage composition of

diatoms, filamentous algae, other algae, mosses and plant matter,
detritus, nematodes, oligochaetes, crustaceans, insects, sand
and silt particles and the miscellaneous group fluctuated in the
range of 9,0 (July) to 21.8 (December), 6.4 (February) to 19.8
(May), 8,0 (January) to 16,2 (May), 4.2 (November) to 9.0
(January), 4.0 (December) to 9.2 (4pril), 7.6 (June) to 25.0
(February), 4.2 (May) to 8,6 (September), 6.0 (May) to 16.5
(February), 6.3 (May) to 9.6 (May), 4.0 (February) to 16,5
(June) and 0,5 (January) to 1.2 (July) in the foregut of the
individual prawn respectively., The most relatively dominant
item calculated was the insects (13.85%) and the rest in terms
of their descending order were: filamentous algae (12.85%),
other algae (12.62%), diatoms (12,60%), detritus (12.03%), sand
and gilt particles (9.72%), nematodes (7.59%), crustaceans
(7.24%), mosses and plant matter (6,33%), oligochaetes (4.36%)

and miscellaneous group (0.79%).
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3¢5¢bse In: M, HENDERSONI CACHARENSIS
3¢5ebe 1., Composgition of foregut contents:

Percentage composition of different food items in
the foregut, is illustrated in figure 66, The most relatively
dominant item calculated was the insects (12,90%) and the rests
in terms of their descendinngrder were: diatoms (12,67%),
filamentous algae (11.92%), detritus (11.42%), other algae
(11.34%), sand and silt particles (9.36%), crustaceans (9.0%),
nematodes (8.98%), mosses and plant matters (6.66%),

oligochaetes (5.40%) and miscellaneous group (0,.35%).

Regarding the identification of the different food
items, it was found sometime very difficult to determine the
species or even the genus to which the different food items
belonged, as they were already subjected to strong action of
mastication, The following list of identifiable organisms,
recovered from the foregut of the prawn, M. hendersoni

cacharensis would indicate the diverse nature of its food:

Diatoms:

Melosira spp., Achnanthes spp., Amphora sp.,

Cymbella spp., Navicula spp., Pinularia sp., Erustulia spe.,
Nitzschia sp., Gomphonema sp., Surirella sp., Fragillaria SPey

ngedra sp., Neidium sp., and Tabellaria sp.

Filamentous algae:
Anabaen% SPe., Nostoc sp., Lyngbya SPey Oscillatoria
spe, Schigothrix sp,, Calothrix sp., Ulothrix sp., Cladophora
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spey Qedogonium spe., Spirogyra sp. and gygnema sp..

Other algae:

Ankistrodesmus sp., Scendesmus sp., Cosmarium spp.,
Closterium spp., Micragterias sp., Staurastrum sp., ngggg;ga
sp;,'Oéhromonas spp., Dinobryon sp., Mallamonas spps

Mosses and plant matter:

Colistella sp., Chiloscyphus sp., Fissidens spe,
Frontalis sp., Hypophila sp., Micromitrium sp., Cladopodiella

SPe, Hydrilla sp., Lemna sp., Myriophyllum sp., Wolffia SPey

Glochidion sp., Quercus spe., also some unidentified plént

leaves,

Nematodes:

Lebronema spa, Aphelenéhoides Spey, Diplogaster sp.