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§Xl?LANATI ON§ ON THE 'tG ENEHAL C<l1NENT" 

Regarding the statement 11H1s preface and introdUction 

• • • • • • •• neither is carried tnrougb·u • 

It is true tbat in tbe ·, i> reface• and 'General 

Introduction_ • f1.shary managem~nt and aquac~l ture potential 

are dealt w1 tn, but the idea of present1ng such infOrmation 

was only to provide the necessary background for tb.e present 

worlt. In this context tbe statement tbat tlle Tllesis is open 

ended w1 tb unclear objectives is not justified since both 1n 

the preface (Pnge 1} and in ttu: gen.ere.l introduction (l?a.ge 1) 

tbere is a clear mention of what ttle present Thesis contains 

based on wha.t has been done. 

·rne cri t1cism on tile calculation o£ correlation 

coefficient is explained as 'below. 

The purpose of such statistical calculatJ.ous lllere to 

, establish rel~tionsh1ps only, and Q.~t for the erection of any 

a~poatorior1 hypothesis. 

It is admitted that tbere are lacunae in the methods 

as presented in tt\e 'rhes1s. . However. these lacunae do not; 

refer to the !1.\eth:::>ds employed psr u, but only rather to their 

descriptions tllat were inade.qu.ate in details. Tnis omission 

further happened because of tho very simple nature ot most 

methods employed in this study. However, the detailed 

descriptions of these methods are provided in the present 

Addendum. 
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Tlla c ri tici am by tba examiner tbat "I ~ unable to 

find much 1nnovat1 ve work 1n • • • • • ot Macrobrach1um," needs 

an ~xplanat1 on. 

It may be pointed out ·tnat tna preaent work is tile 

first of ita kind in tne toll owing respects: 

1) Tbe tbes1a deals w1 tb tbe ecology and b1 ology of 

t\10 endemic pra~ species tbat are confined only 

to tbls part ot Incua. 

ii) Tbe present work relates to tbe prawn fauna of 

al ti tudinat stresms. 

111) \1hile a great c1eal of information 1s available on 

Indian marine prawn species trom a populat1onal 

and fishery points of view, tbe presant thesis 

employed an ecosystem approacn for tba study of 

tbe fresb water prat:m species. 

-Tbe above vl ews are further augmented by tbe c ommen­

cla.tion of the present wo.rt4. by tb.e other ext~rnal e;taminer wbo 

is ona of tne current Indian experts. This exsrJinor stated 

tbat fti am well awara that it is a first study o:t tb.is kind in 

India .trom a lotio environment, .from bill streams Dt high 

altitudes, o! species wbicb hava become totally adapted to 

fresbwatars throughout tbeir life cycle and also w1 th 

populations of sucb magn1 tude as to contribute, may be 

seasonally, to the commercial catcbes of these regions". 



Tbe General Introduction was considered too long. 

Accordlngly, ttle distantly related tOpics like Review. on 

t-\\a~lne WOBs and Aquacul tura nave been om1 tted and revised 

as below. 

1. G ene,tAl I ntrodUP t1 oo 

P rewns nave sreat s1enif1canco in the life ot mam.tini, 

bet·ng an 1mportant natural source of protein (Menu-I4erqua and 

Morales, 1974) and providing ce~il? other us9M prnducta 

( Saktill vel, 19'76). In view of the ever increasil)8 aemancl tor 

snrimps both tor local consumption arid tor export purposes, 

the Indian prawns have attracted tne attention from o rapidly 

develOping tisiling industry as \\'/ell as from biologists tor 

sc1ent1f1c study. But most of the notable works in India. 

include only tbe marine s;>ecies. 

Tiwari·'( 1955) .reported the taxonomy of moro than 34 

species ot :fresh~ater prawn of tba genus Macrobr~ch1u:n from 

Indian lnlanct waters, inclusive of botb lot1c and lantic 

systems. But till now, toe information available does not 

cover tbe biology of all these reported species. However, in 

the recent yea.rs, several Indian ·workers bave contr1 buted to a 

considerable amount of information on various aspects of 

selected fresbwter species ( Rajyolaksbmi, 1961, 1966, 1980, 

a, b; Ibrahim, 19621 Raman, 1964; Pilla1, 1965; Subrahmanyam, 

1966; Oupta, 19671 Nagabtlusnanam and Vasantb.a, 1967, 1966; 
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Pandey, 1967; Rao, 1967; Tyag1 and P rakasn, 1967; Kosby, 

1969, 1973J Nagabb.usbanam a,.,_· Cbinnayya, 1968; 

Rajyalaksbmi u !1.•, 1966; .Rajyalaksbm1 and Ranadhi r, 1969, 

1974; Raaalan ~ ~· 0 1969; Ti'fmr1 and Pilla!, 1971; .. Pilla1 

and Monemed, 19'73; J al.1 b.al and Sankoll1, 1975; Go swami ,11 91.,., 

1977; Ketre, 1976; Ketra and Reddy, 1977; Nagabnusbanem and 

Jyotl, 1977; Murttly, 1978; Sharma alld 'l'iwari, 1978; Gbate and 

Mulherkar, 1979; Negabnusbanam and Kulkarni, 1979, 1981; 

Sukumara.n and Kutty, 1979; Murtlly ~ Saxena,. 1960; 
. ' 

Anantb.aram~"l Jl1 i!!,., 1961; Rao !1! !J..•, 198 1; Saxena and 

Murthy, 1981, 1982). 

It is c~mmon knowledge tb.at in order to ·understand the 

b1onom1cs of locally avP..ileble species, in-vestigations on the 

basic ecology and biology of d1ffe.rer.1t species become 

imperati-ve. t-1ost o:f the investigations today take into account 

ttlese view points depending upon tho pa.rt1cular need of a 

reglonp s~~te or even a country. · As sucn a vast amount ot 

li terat~re on few selected freshwater prawns nas accumulated 

over the years 1n different parta ot the world. (Schmitt, 19}3; 

Gunter, 1937; ~1ori, 1939; Hedgn:etn, 1949; Hol thuis, 1949; 

Riek, 1951: Maglhaes and Pintu, 1959; Parry, 1961; Johnson, 

1963·, 1966, 19671 19.68, 1973; •robia, 1964; Lewis and \'lard, 

1965; Costa, 1966~, b, 1970; Lewis ~ !Ia.•, 1966; Nistakidis, 

1966; Carrillo, 1967; .t'\ntheunisse !1 !l..•, 1966; Costlow, 1968; 

De La Cruz, 1968; D anne, . 1968; .Apollonio, 1969: K won and Uno,., 

1969; Choudhury, 1970; Chung, 1970; Fielder, 1970; Fuj1mu.ra 
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and. Q(amoto; 1970; Hol thu1s and Provenzano, 1970; 

Bailey and Crichton, 1971; Kamigucbi, 19728, b; ~u 

Eb~ M1jake, 1972; Fujeno and Baba, 1973; Ruello a! 

~ •• 1973; Stoffel and Husc~n. 1974; W1cK1ns and 

Beard, -1974; Fielder .21 !l•, 1975; McVey, 1975;. 

Sandifer .QS ~·, 1975;. Ngoc-Ho, 1976; Martin, 1976; 

Tbebaul t and Le Gal, 1978; Lee and Fielder, 1979, 

1981, 1982a, b, 1983; Mcbride and Muguire, 1979; 

Beard and wtc~ins, 1980;.Peebles, 1980; Yasuda and 

Ki toa, 1900; Fair and Fortner, 198 1). 

Keeping these in view, studies on certain aspects . ' 

of the ecology and biology of t~o palaemonid prawns, 

.Macrobrachlum hendersorii. hendersoni (de t4an) and 

M~orobracb.ium nendersonJ. cacharensis (Tiwari} !rom tbe 

East Knasi Hills ot ~legha.layn, India, were undertaken. 
I 

The present study includes the habitat struc·ture, 

li~nological parameters, population dynamics and their 

relationships.. Otner detailed biologicnt studies 

include sexual d1morpb.1em, maturation ani st;awn106, 

brood size and reproductive efforts, larval development, 

.food and feeding babi ts. digest1 ve physiology and 

neuro-!lndocrine regulation ·o! bloOd cbl.Oride. 



6 

' 
Cont1nl.!§.J:!,on of EJ.Bkanations on other Comment§ 

2. StudY f\te!\ 

- . In page 27 ot the Thesis Table 1 is given. Kindly 

read tlU.s Table 1 after the text explained in 

page ~· 

- Tbe recording of vegetational data using symbols 

{ *• -, +, ++, •++) was followed a!ter tne quadrat 

meth.od -(Misra, 1968) •. 

- All the species Uated in Table 1 (Page 27). as 

m~ro-vegetation are terrestrial flora and as such 
' 

only indirectly inn.uenca tlle functioning of tbe 

stream ecosystems. 

- '1'be overall criteria for selecting tlle study area 

was given in page 19 and this may kindly be 

rei'errecl. Tne criteria for choosing the sampUng 

.stations { A1, A
2

, A
3

, s
1
, a

2 
and a

3
) were detailed 

from page 29, of \fhicll the following t\10 criteria 

were most prominent. 

1) Tbese were the perennial portion o! the 

streams which could be sampled throughout 

tbe ye~r by standard stream benthos 

·tee tm1 ques 

11) 'l'bese stat1ons were also found to nave 

relo.tively adequate prawn populations. 
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- Regarding the sampling stations, detailed 

description on depttl of water and width ot 

stream at eacn station were not prOVided as 

these parameters were always variable during 

the annual cycle. However, some of the-

. available data !or a particular month (July 

1980) is provided below. 

The daptb o! the stations. A
1
, · A

2
, A

3
, 

B 
1
, s

2 
and a

3 
were o. 60 m, o. 75 m, o.ao m, 

0.82 m, 1.0 m and 1.15 ~while the width of tbe 

stations A
1
, A

2
, A

3
, s

1
, B

2 
ani B

3 
were e.o m, 

9.2 m, 6.5 m, 6.1 m, 7.2 m and 7.0 m respectively. 

- Description of Sampling Si te§.s Tb.ougn tb.e sampling 

stations are described in detail commencing fro:n 

page 29 of tbe Thesis (Section 2.8, Sampling Si tea), 

1 t needs furtlltlr clarity in the c_ontext of the 

quarries raisec:l. 

Each sampllng station (e.g. A • A
2

, A""' 1 , 

B
1
, B

2 
and B

3
) covered a stretch of stream length •. 

Thus, stations A1, A
2

, A
3

, B
1

, a
2 

and a
3 

were 

18.0 m, 20.5 m, 25.0 m, 2G>,O m, 18.0 m and 24.0 mlo~ 

reap ec t1 vel y. 
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- l?ege 29; Un1 t of Length: Please read 18.3 m 

instead of f:O ft. 

The descriptions of the methodology was considered 

to be inadequate. Accordingly details of the methods used 

are provided wt,th a view to clarity tne ambiguities •.. 

3.1.1. PhYsico-chemical analysis; 

Water samples for phyaico-cnemical analysis were 

collected usuallY in the forenoon between 1000•1200 brs and 

always at a distance o.r a metre away !rom the margin of the 

streams. Since the depttl is a variable factor at eacn of the 

sampling stations, samples were always collected from .close 

to the bottom to a height equivalent to the mouth diameter of 

a plastic bucket o! 10-11 tre capac1 ty. Such samples were 

obtained at mon~hly intervals for a period of-two years from 

January 1979 to December 1980.. Immediately after collection, 

each sample was passed through a 0 •. 45 ~ fil tar (Crowther and 

Hynes, 1977) . and stored in a 500 ml plastic bottle. Various 

parameters were analysed and estimated on tbe same day. 

In addition to the. air and water_ temperature readings 
-

measured in the field using a mercury bulb tnermometer, 

maximum and minimum air temperatures, relat1 ve bumidi ty, 

rain!all and wind yeloci ty of .the area under study ~ere 
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COllected regularly from tbe local metereOlOgical stations 

located close to the study areas. The metereological data 

were primarilY collected to infer the overall influence on 

the <.Study areas in addition to tbe specific parameters 

that were measured in each of the streams. 

Turbid! ty was expressed as peJ;"centage ~olume of 

total -suspended matter, transparency as Secichi disc readings 

( We~cn, 1948) and 'tne rate of ~tar flow in cm3 /sec by 
' 

using a metre tape,. stop watch· and a s.imple cork (Lei tri tz, 

1959). pH and conductivity were measured with the use o! a 

·rosbniwal pH meter (Model CAT.CL-43) and Elico-conductiv1ty 

bridge (Type Ct'l-82) and the values expressed as pH un1 ts. and 

)JJ!lho$/cm respectively. 

For oxygen estimation, samples ware taken directly 

from the bottom.of the stream in glass bottles of 125 ml 

capac! ty and the dissolved oxygen fixed _immediately. Wbile 

sampling, care was taken not to disturb the bottom and air 

bubbles avoided.· Modi :tied ~/1nkler' s method ( Ai?HA, 1965) was 

employed for the oxygen estimation. Carbon dioxide content 
.. 

was determined. using phenolphthalein indicator and N/44 NaOH, 
' 

while total alkalinity was measured by using the Standard 

method ( APHA, 1965). Nitrate Ni t_rogen was estimated . by 

using pbenol d1sulpbon1c acid method and Ammonia Nitrogen by 

Ness,ler• s reagent method (t4ackeretb, 1963). Phosphate 

Phosphorus was dete~ined by stannous chloride and molybdate 
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method and chloride by Silver n1 trate t1 tration technique 

(A?HA, 1965). Calcium and magnesium were estimated 

spectropbotometrically. Sodium and potassium ions were 
- ' 

estimated by Flame photometry ·and oxidisable organic matt~r 

by Pe.rmanganata metno·d. Silicate content was measured by 

Sllico-molybdate method and total .iron content by using the 

method after Macl<ereth ( 1963). 

3. 1. 2. Phxto- and Zooplankton 

The water samples !or plankton analysis were collected 

from the same si tea using tbe same procedures as for 

pnysico-obemical analysis. At eacn st~t1on, samples were 

cOll.acted in triplicate at montbly intervals for a period of 

two years (January, 1979 to December,, 1980). \'later sample 

~as collected from the bottom by the 10-litre plastic bucket 

facing upstream. Each sample consisted of five buckets making 

up a total o! SO 11 tres o! water. The \'zater thus collected 

was poured through a plank"t;on net made of No. 2.5 xxx nylon 

bolting silk ( 60 p... mesh size). Finally, the actual sample of 

plankton (:lnd water was reduced to 50 ml of water and preserved 

by adding a few drops of Lugol' s iodine. A Sedgwick rafter 

plankton counting cell of 1 ml capac! ty was used, having 1000 

squares marked on 1 ts bottom { Ute.nnohl, 1958). After a 

tborough stirring of tb.e sample, one ml sub-sample was taken 

in the counting cell. Nine such sub-samples (three £rom. each 
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of the triplicate samples) were counted for the estimation 

o:t d1 versi ty and density of each g.roup o! plankton. However, 

for eacn sub-sample only 100 sqUfires wer,e counted. Tne 

average of these 100 counts tor all the nine sub-samples 

were calculated and these values multiplied by a factor of 

10 to make up !or tile 1000 squares. From this, the 

computation of the numbers o! phyto- and Zooplankton per 

11 tre at different stations o:f the two at~eams was done by 

using the formula: 

a x 1000 
n a(-------) XC 

l 

where, n = number of vlankton/l ot original water. 

a $11 average .number ot plankton in all counts 

in tb.e Sedgwick rafter cell. · 

c ..a volume o.f original cone entrat1on in ml. 

l = volu:ne of original water exoressed in litre. 

The data were presented in tenns oi percentage 

c:omposi t1on o! the .respective planktonic group. 

The generic identification O.f pbyto- and Zooplankton 

was done \1J. th tne help of monographs after Smi tb \1.950} • 

e ermak { 1953), iidmondson ( 1959) and t~eeabam and ~ee<inam · 

( 1962). 
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G.cnw;:al ClariUc&ti,On on the Comments Regat;sUng Section 3. 1. 1. 
~Benthlc orgs:tni§JI!s) nnd Section 3, 2 (PRAWN POPULAtiON S;fUD'l) 

The author accepts ttle comments on the above 1 tems 
------
: grataf.'L.llly and offers clarity and explanation as g1 ven below, 

These explanations have also necessitated the cnange in tb.e 

order ot sequence. 'l'hus Section 3. 2 on prawn population 

study is presented flrat followed by Section 3.1.~. on benthic 

organisms. . Ttus is necessary since the sampling teQtmiques of 

botn tneae groups involved the same sampler. 

3o 2. ? HAWN P O?ULATIUN STUDt 

In the present study for the purpose of population 

analysis, pt'avms were collected at monthly intervals for the 

period January 1979 to December 1980.. Animals were collected 

from f1 ve sites "11 thin each sa.mpli'n[r ntat1on. ~he sampler 

used had a wrought iron frame of one metre square ( lengtn x 
' 

breadth : 1.0 m x 1.0 m) and a be1gbt of 1.5 m. Tbe top an~ 

the bottom of this box sampler we:re Open, while three of its 

sides were covered with wire netting of 3.2 mm mesh size. Toe 

.eourth side \>las fitted with a removable clotn net of similar 

mesn size w1 th. its tail. end extending 1. 5 m:. lengtn. 'rhia 

side ot the sampler always faced opposite to tne direction of 

tne current. In actual sampling, the sampler was first firmly 

inserted on to the ~sUbstratum thus enclosing· an area of one 

square metre of strotam bottom. Ini t1ally, all the prawns in 
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tne over.:::.'ly1ng water were scoOped out by a nand net, while 

most others were collecting at tlle tail end of the clotn 

net. Fur.ther, in or4er to ensure effective sampling, all 

tlle boulders, pebbles on the ~substratum were also manually 

disturbed w1 th a view to dislodge the remaining animals. 

All animals !rom the five sites in ·each station 

were pooled which comprised. a single population sample. Tne 

animals were fixed in the field w.itn 5~ formalin and br~nt 

to the laboratory. The org~nisms in each sample were tnen 

measured and grouped into size categories and sexed. Tne 

population density was calculated per square metre of bottom 

by taking the mean of the total of the five sites in each 
. -

Station,. while the entire sample was used to estimate the sex 

ratio and lengtb frequency measurements. The berried 

cond1 t1on of females were also noted to distinguish the 

ovigerous from the non-ovigerous indi viduSls. 

Having explained the samplina procedure, it is 

necessary also to explain tne discrepancies in Figs. 34-39 as 

pointed out by the examiner. '.l?he !i values g1 ven in each of 

tlla. figures (Figs. No. 34-39} refer only to ·the population 

densi ty/m2 while the actual hi~tograms for the: length 

frequency distribution were based on tbe entire sample from 

all the five sites in each station.- The author regrets for 

having given tne !'! values in the figures wbich represents the 

values per m2 only without clari f)'i.ng the above differences. 
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3. 1. 3. Benthic Ora.anisms 

Benthic samples were col~ected at monthly intervals 

for two year period (January 1979 to December 1980). 'l'tle 

sampling stations in both streams and the five s1 tea w1 tbin 

each station were the same as for the prawn population study. 

However,. in View of the anticipated diminutive size of most 

benthic organismS~, a special dip net of 135 }1 mesb. size was 

employed. The .net ~as placed within the box sampler referred 

earlier· in Section 3. 2 and most of the organisms in the 

various stones, pebbles and boulders were dislcgged and caught 

by kicking and raking up the stream bottom. 

Each sample thus_ obtained represents- one square., metre 

of the stream bottom. This method·may be considered ~sa 

fUrther mod1fication of the modified kick sampling metnod of 

William and Hynes ( 1976). 'l'he animals collected \1ere then 

fixed. in 5% fonnalln. In the laboratory, the different groups 

of benthos were sorted out, counted and their ,percentage 

compost tion computed. Organisms were identified onJ.y. upto 

genera wherever possible w1 ttl the help of treatises of PeDru:lk 

{ 1953), Edmondson { 1959) a.nd Needham and Needham ( 1962). 

3. 1. 4. Vertebrate f'aun~ 

Tbe source of material for this study were mostly from 

tbe catches of the fishennen. while direct physical observa­

tions were always made to supplement the data. The collected 
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material were fixed in 10% .formalin and stored in 70% ethanol 

after the metl'loda followed by ~illiams and Coad ( 1979}. 

P reserved• fisbea were identified usins the key in Day ( 1918), 

Hora ( 1951), iiubbs and Legler ( 1964) and Scott and Crossman 

( 1973). 

3.3.1. Acce§sorv Habitat Analxs~a 

A number Of' depressions or in other words • Supple­

mentary habitats' were located .adjacent to both the Umshing 

and Pongtung main streams: The length ot the major a~s. 

minor axis and depth of the depressions were measured with a 
metra tape. 'I'he analysis of their physico-chemical and 

biological properties were done by employing tlle same procedures 

as for the streams though no detailed graph.s were presented to 

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

detailed correlations between tne abiotic 

as in the case of the streams. 

3. 3. 2. CondtY,on Factjor 

IndiVidual variations in length-weight relations 

have been used to determine tne nc ondi tion" { Le C ren, 1951) • 

Such factors like 'condition', condition !actor or ?onderal 

index have been calculated by using different .fomulae by 

various workers. However, in the present study, the 

'condition !actor' has been determined by using tbe !otlowing 
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fonnula (Hile, 1936; Becltman, 1948): 

W X 105 
K = ----------~---

• L3 

where !S_ = conditi,.on !actor; J1 = dry weight of the prawn; 

and ~ = length of t~e prawn. The number 105 is a factor to 

bring the P onderal index (K) to near unity ( Carlander, 1970). 

The. examiner has questioned the validity of _.estima­

ting the cond.i tion factor, while suggesting that it may be 
'.::. 

meaningful if dry weights of the animals are used for 

calculatiOili. The author has omitted adding the word 'dry' in 

explaining the formula,. whereas only dry weight was used in 

actual calculations. This omission is regrett·ed. It is also 

true that apart from the present author,. an earlier worker had 

determined the condition factors in another species of 

l\1acrobrachit.im ( Rao, R.M. 1967. Studies on the biology of 

Macrobrachium rosenberg!! ·(de Man) of the Hooghl.y estuary w1. th 

notes on its fishery. Proc. Nat. Inst. Sci., Vol. 33(B}, 

No. 5 & 6, 252-279). 

4. Results 

4. 1. 1. PhYsico-chemical analYsis 

Regaroing the general comments by the examiner 

expressing concern about most of the physico-chemical analyses, 

a completely revised chapter on these aspects as provided above 

may kindly be referred. 
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.4. 1. 2a. P hYtoplan.k ton 

In page 58 of tha Tnesis (bottom 2 lines) it was 
• 

reported that there is a distinct summer maxima apd winter 

minima in all stations, wbile the examiner na.s inadvertently 

quoted fta distinct- summer minima". 

Figs. 28-29 were given only as percentages, in 

order to give en over view. of tne phytoplankton composttion. 

though the actual numbers are available with the author and 

are b.erew1 th presented in Annexure 1. ~·urtner, t.ba t~tal 

phytoplankton data were used el.sewhere \Table 13-18} ·when 

computing regression equations along wi tb the prawn popula• 

tion· data. A eim;ilar treatment of the data on Zooplankton 

and benthos was followed and their actual n~bers are also 

appended in Annexure I. 

4.1.2b. Zooplankton 

l'he detailed description of sampling procedure& 

· gi van· in Section 3• 1. 2 shows tnat the planltton ·sampling was 
. 

done close to tbe bottom of the stre~. Therefore, the . 

occurrence Of organisms like DiffJ.HM.a and Vor.tt.ceUI:\ could 

be explained as, having originated !rom tbe bottom or from 

associated vegetation. 
I 
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4.2•1• SeasonAl fluctuation 

• 
- Comments refer mostly to correlations~ 

although this aspect was not dealt w1 th 

under this Section of the Thesis. 

Nevertheless, as pointed out at the very 

beginning Q! tbis Addend\.im (Page 1) 

correlations were worked out only to find 

out the degree of relationships among the 

various parameters and nothing more. 

- Prawns of less than 20 mm length. were never 

recorded at the sLliilpling stat1ons 2.2£ ~ 

though considerable numbers were caught in 

accessory habitats (please refer Fig. 41). 

4.2.3. L@ngth traguencx distribution 

Please refer to explanations proVided, under 

Section 3. 2. 

4.3.1. Accessory habitat analX§i& 

L'uring the rainy season (June-July), the 

depressions are filt'ed wi tn water !rom the main stream and 

serve as suitable places for'the prawns to breed. As compared 

to males, the number of mature and berried females were always 

found to be higher in tbese habitats. During September, pra,wns 

less than 20 mm size occurred abundantly in these depressions 

(.t-'ig. 41J. '.i'his clearly shows that these depressions do serve 
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as convenient places for egg laying and hatching of larvae. 

It wa.s also observed that most of the juveniles were 
• restless and had a tendency to escape out of these depres-

sions. This probably indicates that most of the prawns 

ultimately swim back to the main stream when ttley reach 20 

mm or more, before tne drought actually.sets in. As an. 

~vidence it may be mentioned that the autnor bas noticed the 

streamwa.rd migration of juveniles on several occasions. 

4. 3. 2. Concji t1on· factor; 

This aspect has already been explained in Section 

'· 3. 2. 

5. Discussion 

The general c r1 ticism on the 'correlations' had 

already been explained earlier (?age 1) as to justify the need 

to establish relationship only. 

2. 1. Sexual dimorphism 

The method for measurements o! total len&tn and 

, carapace length was fOllowed at'ter tbe standard work of 

I'ruesdale and r<termilloid ( 1979) on t1acro~rach1um ohiona ( Smi til) 

as 1 t was felt adequate for the present study. 
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IndiViduals of size frequency from 35.0 mm to . . 

55.0 mm in ~1acrobracblum henderson! henderson1 (de Man) and 

size range of 35.0 to 50 .o mm of tl• hgndarson1; - ao.haransis 

(Tiwari) were used for calculating G onacl Index (OI) 

(Table 23). Animals in post breeding pnase (Table 24) were 

never included in the above analysis. 

2~5. Food and· feeding habits 

For calculation of Gastrosomat1c Index (GSI)., ·the 

~hole gut was always used by dissecting O\lt, wnerea.s for tne 

quanti tat1 Ve analysiS Of the food, Onl'y the foregut COn tents 

w~re considered. Sucn measurements ware also employed by 

earlier workers ( VenkatB.araman, 1960; t-'larte, 1980). 

pH indicator paper was al1.11ays used to directly· 

measure in all parts of the alimentary canal. :·1owever, some 

ot tbese readings were con!i~ed and verified by a sophistica­

ted pH meter w1 tn a very tiny electrOde. l;:;ven in these cases, 

the washings of parts of the gut were only m1.nimal just to 

remove tile food parUcles 1 :f any. 
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4. 6. Digest! ve envsiology 

The reference to appendages as parts of the 
• 

alimentary canal was included unfortuna.tely during tYPing 

and tllis error was overlooked. Tbe author acknowledges this 

mistake. At the same time the lack of including the terms 

•mouth' and •oesophagus• may also be condoned as a gross 

omission. 

Addendum: Dissolved OxYg§n {Fi'g. 12) 

The author i.s aware· of tne significance of dissolved 

oxygen fluctuations and the contributing factors as discussccl 

in detail !rom page 130 to 131. However, the apparent 

supersaturated values in Fig. 12.could be due to any of the 

ca.usat1 ve factors and difficult to pi.npoint precisely. Cn 
' . 

r~examining the raw data, l t is found that the Juno to 

September period was also the time of pny·toplankton maxima 

(Annexure I}. In add! tion to ttlis, Juna to September period 

is also the high. rainfall season w.1. til maximum flow ~ate. It 

is likely that anyone of the above causes could be attributed 

to the supersatu-rated. cond1 tion, since precautionary measures 

were always taken while sampling for dissolved oxygen. 

FLnally, regarding the suggestion of the examiner to 

include an analytical section on the '4 recommendat1on for 

management or aquacultureR, it may be pointed out that the 
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main· objective of tbis work was only to gather basic and 

fundamental ~,ta that may be of eventual use for aquacul-
• 

turel and management practices. 'l'herefore tne author feels 

reluctant at tbis stage to offer any recommendations which 

may sound far-fetched. Such recommendations are also 

unwarranted in Viet-J of the limited scOpe of the '£i tle of 

the present Thesis. Nevertheless, ample discussions are 

provided for botb sections of the Thesis and relationships 

establlshed fOr the factors studied. 

Please refer to the Thesis for all the literature 

cited in th1s Addendum. · 
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India stands on the top in world shrimp production. 

Prawns are exported in differ~nt forms such as frozen, canned, 

dried, ptckled, curry, meal, powder, bits, etc. As prawn is 

one of the most delicious food items, tlle per capita 

consumption of prawns in advanced countries is increasing ye,ar­

after year due to increase in buying po\'ler and increase in 

population. 

India is exporting 49 items of marine products to 98 

co.\IDtries in the world (Sakthivel, 1976). India's export for 

the first time touched a remarkable figure in 1975 to the tune 

of 53,412 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 ~~e value of Rs. 94.34 

crores). Of the 98 importing countri~s of Indian marine 

products, Japan and USA alone lift m_o,re th<3:r.1 90% of our 

products. In the coming years, some more European countr.tes 

are likely to join the import race incr~asi~ fUrther demand 

for prawns. 

The cul ti vaple inland water resources of India are 

vast but ~~j6fi ty of them remain neglected. They are either 

not cultivated or if cultivated not effectively managed or 
. . I . . . 

Thus sc~entific management of prawn fisheries in 
\ \ . 

+mpoundt!d waters, asm.lm~s special ·~g!lif.i,cance as this can go 
'· 

a long way towards meeting the nutritional requirement of at 

lE;:!ast to our country when we are facing a shortage of even 

th~ cheap protein. In scientific prawn farming, aiilling at 
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maximising the production with minimum cost, utmost car~ is 

to be observed. at every state, in which nursery .l;"ea.ring of 

seed occ~pie~ an important postion. The tender young ones 

of the cultivated prawn require special care and treatment 

before th.ey are transported from the natural conditions to 

tne new habitat of impoundments. The delicate larvae and 

post larvae may not readily adjust to the newly exposed 

conditions and undergo large scale of n~o.r'Cali ty due to 

onanged physico-chemical .and biotic environment.. Thus, to 

employ scientific methods in rearing prawns, a thorough 

knowledge and understanding of their natural eco-system 

becomes imperative. 

Meghalaya with its swift flowing streruns and rivers 

offers an excellent scope for studies on available prawn 
'. 

species. The traditional practices of shifting cultivation 
.. · 

termed "Jhurfi" which promotes denudation and soil erosion are 

the part of stresses to which the fauna of this region are 

usually subjected. In this context, 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-syst,em (Gupta, 1980). 

There is a paucity of information on the ecology and 

biology of the fresh water shrimps of the indegenous spec~es 
'· 
\ 

and particularly there is no work at all, on the prawns 

specific to the highlands of the North-Eastern part of India 
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and knowledge on these, 1s ol utmost 1mportanoe, not only 

from the academic point of view, but its utility in 

increasing the technological efficiencies of th.e fishery 

enterpreneurs for evolving judicious management measures 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 

from its academic valu~, would have application and 

relevance to the socio-economic dev.elopment of .these areas 

of the country by evoiving suitable pisciculture 

techniques. 

The present study pertains to the specimens of 

Macrobrachium ·henderson! henderson! (de Man) from Umshing 

stream and Macro brachium henderson! cacharensis (Tiwari) 

from Pongtung stream collected during the p,er.iod 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 a..l'ld biology of two 

palaemonid prawns, Macrobrachium hendersoni henderson! 

(de Man) . and Macrobrachium henderson! cacharensis (Tiwari) "• 
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In the present day world, where the economy of a 

nation depends on judicious prospecting, conservation and 

proper management of renewable and non-renewable resources, 

the role of biological &tudy is manifestly becoming 

significantly important. Toda·y, the field of biology is no 

longer an academic subject only, as it concerns every one 

directly or indirectly related to food, energy crisis or 

pollution (Nasar, 1977). 

P.rawns 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, inland 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 

species which are being used to 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 y:Leld 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 

physiologists ordinarily deal with funct~ons which describe 

the relation between the organism and its medium or which 



2 

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 environmentn (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 

'aquaculture programme' (Bhattacharaya, 1981). 

'Aquaculture' is becoming of utmost key way in 

meeting the world· wide demand for shrimps.. Forster and 

Wickins ( 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 contrslled environmental 

aqua-system". McSweeny ( 1977) further defined intensive 

culture as .. the "propogat.ion and rearing of aquatic species. 
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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 pract~cal 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~~., 1973; 

Shigueno, 1975; Sandifer and Smith, 1977; Van Olst ~ ~·, 

.1977; Salser ~ gl., 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 zoologists. 

But, most of the notable works in India includes only the 

marine·forms (Henderson and Matthai, 1910; Chopra, ,9,9; 

Nair, 1949; Gopalakrishnan, 1952; Kurian, 1952, 1953, 1954, 

1964; Menon, 1952, 1954, 1961; Panikkar and Menon, 1956; John 

and Kuriyan, :1959; Bhimachar, 1962; George, 1962, .. 1964;. 1966,, .. 

1967, 1968,1969,1970, 1972a, b; Sarojim, 1962; Subrahmanyrun, 1962, 

1963, 1965, 1966, 1967, 1968~ RamB.n, 1964; Satija and .Df;ls~, i964; 

Madbny0.stha and Rangnekar, 1965; Cheriyan, 1966; Panikkar and 
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Jayaraman, 1966; Sebastian~~., 1966 ; Venugupala, 1966; 

Bhimachrlr and Tripa.thi, 1967; Kutty, 1967, 1969; Mohamed ~ ~., 

1967, 1968, 1969; Pandian, 1967; Ramamurthi and Scheer, 1967; 

George~~., 1968; James, 1969; Jones, 1969; Rasalan ~ .aJ..., 
1969; Rarignekar and Madhayastha, 1970; Naidu and Boereroa, 1972; 

Raje and Ranade, 1972; Kuttyamma, 1974; Pillai ~ s!·• 1975; 

Goswarni ~ ~ •• 1977), 

Tiwari (1955) has already reported more than 34 ~ecies 

of freshwater prawn of the genus, Macrobrachium, from Indian 

i:nland 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; Im?rahim, 1962; Raman, 

1964 ; Pillai, 1965; Subrahmanyam, 1966; Gupta, 1967; 

Nagabhushanam and Vasantha, 1967, 1968; Pandey, 1967; Rao, 

1967; 'Igmgi· and Prakash, 1967; Koshy, 1969~ 1973; Nagabhushanam 

and Chinnayya, 1968; Rajyalakshmi ~ ,Sl., 1968; Rajayalakshmi 

and Ranadhir, 1969, 1974; Rasalan ~ Sl•• 1969; Tiwari and 

Pillai, 1971; Pillai and Mohamed, 1973; Jalihal and Sankolli, 

1975; Go swami .§ll .s1,., 1977; Katre, 1976; Katre and Reddy, 1977; 

Nagabhushanam and Jyoti, 1977; Murthy, 1978; Sharma and 
I 

Tiwari, 1978; Ghate and Mulherkar, 1979; Nagabhushanam and 

Kulkarni, 1979~ 1981; S"Ulcumaran and Kutty,_ 1979; Goswarni 
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ll ~·, 1980, 1981, 1982, 1983a,b,ca Murthy and S.c:udma, 1980; 

Anantharaman ~ ~., 1981; Rao ~ ~., 1981; Saxena and 

Murthy, 1981, 1982; Goswami, 1982). 

Although there is reason to be optimistic about the 

potential for eventual commercial production of pravms in 
1 

environmental 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, 

genetics, culture systems design and optimization, pilot 

plant demonstrations and economic feasibility analyses 

(Sandifer and Smith, 1978). Successful controlled envi'.ron~ 

ment culture of Macrobrachium, will require: the development 

of nutritionally complete cost effective rations; the 
• • ~: :- - • .l • •• ·; • ··.::. 'l, .· ~ .... 

determination and maintenance of optimal, conditions for 
... 

prawn survival and grov-rth under crowded conditions; genetic 

manipulation to produce prawns better sui ted for intensive 

culture than ·essentially wild animals, we have today; 

reduced ·system costs, improved management techniques and 

greater production efficiency for Me rosenberg!! (Saridifer - -
and Srni th,- 19?8'). But, in order to find cultivable local. 

v.arieties,. firstly ,investigations on ·basic ecology and 

biology of unexplored speci'es,-· becomes imperative. 

Most of the investigations to-day take into account 

t.he above view points depending upon the particular -~~~d ~f 

a region, state or even a country. ·As such a vast amount of 
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literature on freshwater prawns 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; Lewis and Ward, 1965; Costa, 

1966a, b, 1970; Lewis~~., 1966; Mistakidis, 1966; Carrillo, 

1967; -Hernandez, 1967; Ling, 1967, 1969; Uno and Nanba, 1967; 

Antheunisse ~ fll., 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 tv1ijake, 1972; Fujeno and Baba, 1973; 

Ruello £1 ~., 1973; Stoffel and Hubschman, 1974; Wickins and 

Beard, 1974; Fielder.£! fll.., 1975; McVey, 1975; S:mdifer ~ ~., 

1975; Ngoc-Ho, 1976; r1artin, 1976; Thebaul t and Le Gal, 1978; 

Lee and Fielder, 1979, 1981, 1982a,b, 1983; Mcbride and Muguire, 

1979; Beard and Wickins, 1980; Peebles, 1980; Yasuda. and Ki toa, 

1980; Fair and Fortner, 1981). 

Based on the advances already made on the study of 

biology and also in the development of ~reshwater prawn 

ff:U"'lling techniques in several foreign countries like Japan, 

Taiwan, Phillipines, Thailand, Malayasia, United Kingdom, 

Australia and United States of America, the researches now 
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required to be intensified in India, should also be centred 

around determination of the availa.bili ty 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 

ecosystem. Secondly, it involves a thorough knowledge 

regarding their general biology. But, till now there is no 

work reported on the hill stream prawns of Meghalaya State, 

where subtropical climatic conditions prevail. 

There are limited agricultural land in Meghalaya 

bu·t; 85% of the population subsists on agriculture. Apart 

from animal husbandry 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 tvm palaemonid prawns, Macrobrachium 

hendersoni hendersoni (de Man) from Umshing Stream, and 

Macrobrachium hendersoni cacharensis (Tiwari) from Pongtung 

Stream, East Khasi Hills of Megna~a¥a were undertaken. 

Ecological study includes their habitat structure - limnolo­

gical analysis; population dynamics and certain aspects of 
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their ecosystem.. Biological study inciudes study of the male 

and female sexually dimorphic structures; muturation; 

reproductive cycles; broo'i size and reproductive efforts, 
" larval development; food and feeding habits, digestive 

physiology and neuroendocrine-regulation of blood chloride. 

It is is hoped that the data presented from the investigation, 

could be of help for the,basic understanOing of a subtropical 

lotic ecosystem as well as the structural and functional 

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

GEOGRAPHICAL DISTRIBUTION: 

Macrobracluum hendersoni hendersoni (de Man) is 

commonly 'available in the water bodies 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 Manipur of North Eastern India. Macrobrachium henderson! 

cacharensis (Tiwari) is distributed throughout the Kh?.o.si 

Hills of Meghalaya, Mikir Hills and Cachar district of Assam. 

According to Tiwari (1955) the genus Macrobrachium 

had marine or:!-gin and has acquired freshwater habitat.by 

immigration from the sea to the interior of land through 

rivers. The proce~s of adaptation to freshwater is not yet 

complete, because many.species are found in estauries and 

still depend on brackish water for breeding.· But 9 at the 

same time, some oi them became completely acclimatised to the 

hill stream conditions with several allopatric forms. Pillai 
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Fig. 1. Map showing the distribution of the lotic system of North-eastern India. 



and Biswas (.1979) have reported the occurrence of 

Macrobrachiurn hendersoni, tl• hendersorp.. hendersoni, 

tl•· assamensis, t!.· dayanum, M, lwnarr~h, ~·· choprai and 

M. binnarichum from the North-Eastern regions of India. -

10 

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 syste!ll and the 

tendency of mass migration of palaemonid prawns (Hoglund, 

1943; Fors.ter, 1951; Ibrahim, 1962; Rajyalakshmi, 19f1;: 

Bimac har,. 1965; Raman,, 1965; Lee and Fielder, 1979) could 

be the further evidences to support "Inland migration 

hypothesis of Macrobrachium" after T.iwari ( 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 11'868.;. 

Specimens Macrobrachium hendersoni hendersoni 

(de fv1an) 

Macrobrachium hendersoni cacharensis 

(Tiwari). 

*Prawns were identified by Dr. K.K. Tiwari~ the leading 
Prawn Taxonomist~ India. 
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Ecological study of any group of orgariisms require 

ah 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, 

1943; Burton and Odum, 1945; Berg~ 21•, 1948; Fjerdingstad, 

1950; Allen, 1951; Illies, 1952, 1964; Van Someren, ~945·; 

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, 

1974; Minshall, 1967, 1968, 1978; Ulfstrand, 1968; 

Venkateswarlu and Jayanti, 1968; Venkateswaralu, 1969; Hynes, 

1970, 1971; Imevbore, 1970; Coffman~ sl·, 1971; Curry, 

1972; Kaushik and Hynes, 1972; Ziemer, 1973; Webster, 1975; 

Fisher, 1977; Wallace et al., 1977; Platts, ,979). --

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 1 s rejectamenta has 

stimulated research into the basic dynamics of the lotic 

environment and its biotic communities (Bishop 9 1973), 

Before any assessment of pollution effects can be made, or 

national remedial action is suggested, there must be a sound 

detailed knowledge of the natural characteristics of 

regional water courses as a reference standard. 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 

within a lotic system pre-sent 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~~., 

1980). Many communities can be thought of as continua 

consisting of mosaics of integrading population aggregates 

(Me Intosh, 1967; Mills, 1969). Such a conceptualization 

is particularly appropriate to streams. Several workers 

have visualized streams as possessing assemblage of SPecies 

which respond by this occurrences and relative abundances 

to the physical gradients present (Shelford, 1911; Thompson 

and Hunt, 1930; Ricker, 1934; Ide, 1935; Burton and Odum, 

1945; VanDeusen, 1954; Huet, 1954, 1959; Slack, 1955; 

Minshall, 1968, 1978; Ziemer, 1973; Swanston ~ ~., 1977; 

Platts, 1979). 

Freshwater crustaceans like other freshwater animals 

keep their body fluids hyperosmotic to the medium (Robertson, 

1960). They are faced with a continuous osmotic inflow of 

water which they have to excrete~ and with the problem of 

active absorption of ions from a very dilute medium to .·: 
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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 ionic 

concentration in the freshwater crustaceans (Robertson, 1960). 

Many workers (Potts, 1934; 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. Armnonia 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 

~ ~., 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 r1acrobrachium rosenbergii (de Man). 

While many environmental disturbances have no readily 

detectable effect on aquatic invertebrates in the short term, 

they may prevent normal reprod'!lction and cause eventual local 

extinction of a species (Lehmkuhi 9 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 ion concentrations increase ( Wichard ll f!l., 1973, 1975; 

Tones, 1979). Drastic changes in physical features such as 

current velocity, water level fluctuations, substrates, etc. 

can eliminate sehsi tive species while allowing tolerant ones 

to thrive. Some information is available from studies of 

newly established 11 b.abi tat hypothesis" that insects, v.orms~ 

crustaceans and molluscs constantly invade new habitats from 

surrounding areas (Williams and Hynes, 1976). Competition 

and ability tQ reproduce in the new habitats soon moulds a 

nev-1 community. "Fine tunning" may occur through such 

processes as conditioning of water by another life stage. Both 

growth rates and natality are higher in water that has been 

conditioned 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 commuruty structure and composition 

in freshwater invertebrates. 

Changes in current velocity and substrate act selective­

ly on individual species and 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 rosenbergii 

through use of artificial substrates. Kovalak ( 1976) found -an 
interaction between temperature and currents that influenced 

positioning of Glossosoma nigrior on brick substrates. 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 

familiar but vaguely delimited 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 environment 

are inseparable and every population requires a real ecological 
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setting for its functioning, 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 

abiotic 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 such as the biotic and abiotic factors 

are observed and measured. 

The process of colonization is important for 

establishment and mainten~ce of diverse and stable 

communities. The ability of an established community, called 

an epicenter, to recolonize and impover.Shed 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., ~ s!•, 19So). 

Filter feeding aquatic invertebrates occupies an important 

niche in functioning of stream ecosystems ( Cumrn.ins, 1973 & 

1975; Wallace~ sl·, 1977). They capture and alter the 

composition of fine particulate organic matter in transport, 

thereby, influencing the food available to collector, and 

provide important 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 (l"IcCullough ~ gl., 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 impo:ctant parameters in 

the content of ever increasing rate of urbanization and 

industrialization and needs consideration (Clark~ §1., 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 techniques, 

in the recent years, a considerable progress are being made on 

this aspects by several workers (Raman, 1964; Johnson, 1965, 

1967; Allen, 1966; Coelho, 1966; Hughes, 1966; Baxter and Renfro, 

1967; Couture, 1967; Aldrich~ sl•• 1968; Ling, 1969; 

Truesdale, 1970; Truesdale and Mermilloid, 1979). 

Rajyalakshrni (1961, 1974, 1980) studied certain aspects of 

ecology of the Indian riverine prawn, Macrobr<a9hium 

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 includes 

collection of information on the topography,·~ climate, geology, 
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lithology, vegetation cover and land use, nature of 

perturbations, the physico-chemical va.riables of the 

environment, seasonal biotic composition of the stream and 

also with major emphasis on the prawn population dyna.mics and 

their inter-relation with the various abioti.c <~.n.d biotio 

parameters of the environment. 
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2.1. GENERAL CONSIDErtATION~ 

Umshing stream and Pongtung stream are, the two lotio 

water bodies selected for ecological studies of the prawns, 

Macro brae hi urn hender soni hender soni. (de r·'ian) and Macro brae hi urn 

hendersoni cacharensis (Tiwari). Criteria for selecting these 

two water systems were: 

a. , they comprise small perennie..J .. streams which could 

be sampled throughout the year by standard stream 

benthos techniques. 

b. they were shallow and small enough to carry out a 

detailed study throughout the entire course. 

c. 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: 
,. 

Umshing stream (25°41' 06 11 N and 91°52' 27 11 E) is located 

near Barapani Dam, 25 krns from Shillong (East Khasi H;i.lls), 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' OO"N and 91°54' 15 11 E) is also 

located in Khasi Hills, 72 kms. from Shillong and is quite close 
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to the boarder araas of Bangladesh (Fig. 2 )• Pongtung stream 

originates at an altitude of 690 m. and flows down to an 

altitude of 610 m. 

2.3. CLIMATE: 

The region under study has a tropical monsoon climate 

w1 th high rainfall \Figs. 3 & 4) • In fact? Mawsynram, situated 

about 50 km. from 'Shillong records the World's heaviest rainf'al 

rainfall,. nearly 1400 em. In the present study, based on 

temperature regimes, ea.ch annual cycle has been divided into 

four seasons: 

:r. Spring (March to May) : dry and windy •. 

II. Swnrner and rainy season (June to September): wann period 

with high humidity. 

·rrr. Autumn (October to November): less windy, less warmer 

with average humimity. 

IV. Winter (December to February): rainiess 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 6 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 but permanent 

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

The· highland comprising -\:;(18 Go..:.."ot Khasi; J"aintia and .· 

the detached Mikir Hills is knovm as the Shillong plateau 

· which forms the North Easter part of the continental mass of 

Indi"a. Physiographically~ it represents a remnant of an 

a11cient plateau of Pre-cambrian Indian peninsular shield 

uplifted to its present height of 610 m. to 1544 m. above the 

s,ea level. The Kamel 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 plateau 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 

plateau was obtained through different geological events since 
;, . 

Meso~oic to present study .• 

The tectonic history of the plateau begins with the 

effusion 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 relatively down 

lifted portion along the faults. The tectonic force has been 
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known to be vertically dominated and controlled by d.i.t'!erential 

movements along tne basement fractures. Further details of the 

tectonic theory is not discussed here as it is outside the 

purview of tne present study. 

2.5. LITHOLOGY: 

The rocks around Barapani (Urnshing stream) area are 

~nly of Shillong groups (D.G., G.s.r. Report, 1974) which 

consists rocks of both sandy (arenaceous) and clayey 

(argillaceous) nature (Fig. 5). The clayey rocks consists of 

phyllites, mica schists ;md carbon phyllite, while the sandy 

type includes green stones, granite and upper cretaceous 

sandstone. The sand stone are mainly coarse grained. The 

chemical composition of the rocks in terms of various oxides 

·1s as follows: Si02 
. 51.94%; Al203 . 6. 70%; Ti02 : 6.64%; . . 

Na2o . 1.·10%; K20 . 0.05%; CaO . 8.95%; MgO 3.62%; and the • . . 
rest includes other trace element oxides. 

The rocks around Po~gtung 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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mudstones, sandy lime stone and.ferruginous concretions are 

profusely developed. Limestones were compact hard, clayey and 

compact algal types. The general compostion of the rocks in 

terms of the oxides is as follows: Si02: 47.076; A.l203: 11.0%; 

Ti02: 4.25%; Na2o: 2.3%; K20: 0,84%; CaO: 91,11%; MgO: 4.76% 

and rest includes other trace element oxiden.-

2.6. SOIL: 

The soil varies all over the Meghalaya plateau in 

physico-chemical characters and fertility conditions. They 

are mostly lateritic type derived largely from granites, 

schist rocks and vary from sandy, red and clayey loam to sandy 

lime. The soils in the basin are more fertile than the upland 

soils 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 percentage of 

organic carbon is· nearly 5 to 10 and the pH between 4.5 to 

6.-5. 

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 bank side macro-vegetation (viz. trees, 

shrubs and grasses) at each station ( *, rare; .. 
' -, absent; +, present, ++, oonunon; +++, abundant). 

Tax£~. 

Artocarpus cl1aplasha 

A· integrifo lia. 

Bauhina sp. 

Castonopsis sp. 

Croton .jofra 

Eugenia tetra.gona 

Ficus sp. 

Li tsea u11bro sa 

Lagerstrom~ parviflora 

Pin us l{e siya -
Gloch.idion sp. 

Querc u.s, serra tr.'l. 

Rhododendron sp. 
... 

Schima wallichii 

Terminalia sp. 

Dendrocalamus sp:p. 

Bambusa sp:p. 

Eupatorium sp:p.· 

Lanta.n.a camara 

Arundinella spp. 

Umshing stream 

-· 

+++ 

-.. 
+ 

-
++ 

++ 

++ 

++ 

++ 

A 2 

-
-. 
-
-
-

-

-·· 
+++ 

-
-
+ 

-
++ 

+ 

++ 

+++ 

+++ 

-

++ 

+ 

++ 

+ 

++ 

++ 

++ 

Pongtung stream 

B.1 B..:: ... -· 
+ + ++ 

+ + ++ 

* + ++ 

* + ++ 

* + ++ 

+ ++ ++ 

+ +·+ ++ 

+ ++ ++ 

+ + + 

- - -
+ ++ ++ 

++ +++ +++ 

-
+ + ++ 

* + ++ 

++ +++ +++ 

+ ++ +++ 

++ ++ ++ 

++ ++ ++ 

cont 1 d. 
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' t Umshing stream Pongtung stream I 
Taxa I 

I. 
I 

A1 A2 A3 B1 B .. B· I 2 3 I 

Brunella sp. ++ ++ + -
.. 

Car ex sp. ++ ++ + - ' 
Cymbopagon citratus ++ +++ ++ ++ ++ +-i-+ 

.. 
Cveerus sp •.. ++ ++ + 

Fimbrist;x:lls sp. ++ + + 

H:a2ochaeris sp. ++ ++ + -
.. 

Imperata sp. ++ ++ + + + + 

Osbeckia sp. ++ ++ + 

Panic urn. sp. ++ ++ + ++ +++ +++ 

Polygonw sp. ++ ++ + + ++ ++ 

Pogonotherum sp. ++ + + 

Rotella sp. ++ + + - -
. -

Rubus sp. ++ + + - -
Sacc11arum sp. - - * ++ +++ 

Scinpus sp. ++ + + -
Th;:(§Onol~ana sp. - * + ++ 
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found near the stream banl\ 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 and certain other 

vegetables. Hand digging and cowdung manuring are the most 

commonly practised methods of farming. Stream Pongtung, on 

the other hand, flow~ng through steep hills for a distance of 

6 km from its source, passes through a thick vegetation on its 

both banksides and finally rolls down in weak zone about fJJ 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 which of course is a favourable 

practiQe of the people throughout xhis region. 

2,8, 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 

the various zones. Six main sampling sites were selected, 

three from each streamt indicating A1, A2, A3' ~ B1 ,B2 and B3 



(Figs, 6 & 7) • 

2.8.1. Station A1: 

Station A1 is located on the upper region of the Umshing 

stream (Fig. 6a). Substrat·es were predominantly small boulders 

with stones, gravels and sand in between. Out of the emergent 

vegetation in the shallow areas Lerona sp. and Cer.0tqppY1l~- ~· 

were the -most dominant types (Table 2). Various ~asses 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 grasses. Pinus kesiya, Rhododendron sp., 

Dend.Docalamus hamiltonii, Lant'ana sp., Eupatorium sp., CYperus 

sp., 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 station. 

It is in the middle region of the Umshing stream (Fig. 

6b). Large boulders grqssly characterize this study area but the 

substrates. bet\'leen these \'l'ere sand, gravel and stones of variable 

dimensions. The bottom was stable over the study period with no 

visible channel .. alternation/ Bu.i~d up and erosion of gravel and 

sand beds during spates was evident, but in ·a short· })eriod the 
'· 

stream returned to the original configurati.on.. The vegetation 

structure of the stream 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 ~ . 
c . Station A3 . 



Fig. 6 
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Table 2: Aquatic vascular plant both s'-lbmerged and emergent 
tYPe and Bryophy:Ga of the banks, boulder and bottom 
substratum at each stations (*g rare; -, absent; 
+, present; ++, common; +++, abundant) 

Taxa 

VAsCuLAR PLANTS: 

CeJ:l;tgphYllum sp. ++ 

HYdrilla sp. * 
L ei!llli . spp • ++ 

M:x;riophyllum sp. * 
Ra.Qnnculus sp. 

Wolffia sp. * 

BRYOPHYTA: 

Colistella sp.. + 

ChiloscYphus sp. + 

_:Ciladop.o·d:i~lla. sp. * 
~-· . ..;~.· . .J . • .. 

FrontiAalis sp. + 

Himanto.liadium sp. * 
LeptoMctyium sp. :+ 

Microndtfium sp. + 

Badut:a sp. * 
Rico;bs spp, * 
Riccardia sp. + 

Umshing stream 

+ 

* 
+ 

* 

+ 

+ 

* 
+ 

* 
* 
+ 

* 
* 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

* 
* 
* 

B 1 

+ 

+ 

+ 

++ 
+ 
+ 

+ 

* 
+ 
+ 

* 
* 
+ 

+ 

+ 

Pongtung stream 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
++ 

* 
+ 

+ 

* 
+ 

+ 

* 
++ 

+ 

++ 

+ 

+ 

++ 

+ 
+ 
++ 

+ 

+ 
++ 

+ 

++ 
+ 
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2,8,3. Station A3: 

It is in the lower course of the Umshing stream (Fig. 

6c). Cyanophytes often formed thick layers on the bottom 

stones so that the substrate becomes too slippery to walk on. 

The substrate includes boulders of various din1ensions and sand 

with organic deposits. Emergent and bankside vegetation is 

made up of largely weed species (Table 1). Canopy cover was 

scanty in comparison to station A
1 

and A2• Erosion of the 

banks occurred constantly with considerable loss of cultivated 

land in some places over t~e study period. As a result, highly 

unstable silt and mud banks build up in depositional areas. 

It is located on the upper region of the Pongtugg 

stream (Fig. 7a). Stream bottom was marked by eroded rock bed, 

Substrates were predominantly small boulders of different 

dimension, organic deposits an.i sands. Emergent vegetation on 

the shallow areas includes Wolffia sp., Myriphyllum, Lerona sp. 

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 canopy cover and the marginal vegetation 

includes trees, shrubs and grasses of different varieties 

(Table 1). 

2.8.5. Station B2: 

It is located on the middle region of the Pongtung 



Fig. 7: Photographs showing the sampling sites, Pongtur.g 

stream during early summer. 

A . Station B1 0 

B Station B2 
c Station B3 



Fig .7 
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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 tar~ 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 aquati8 flora of this 

station is given in the Table 2. 

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 

small egg sized stones in the faster flowing 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 

Cladosphora occurred on hard substrates in the stream and some 

free floating filamentous forms (Spirogyr~ sp.)~ formed mats in 

slack water areas 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 obstructions to create turbulence. 

Canopy cover over the stream was complete with only about 5% 

available visible ligrrt reaching the water surface. 



·------ -·---
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3.1. LIMNOLOGICAL STUDY (INDIVIDUAL LEVEL): 

3.1.1. Physico-chemical analysis: 

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 

Vlere passed through a 0.45 )l 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), max.i,mum and minimum air temperature, 

relative humidity, rainfall and wind velocity of the area under 

consideration were collected regularly from the local 

metereological station during January 1979 to December, 1980, 

Turbidity was measured as the percentage of total 

suspended matters, transparency by a Secchi disc (Welsh,; 1948) 

and the rate of w~ter flow by . using a metretape, stop watch 

and a simple cork (Leitritz, 1959). pH and conductivity Vlere 

measurea with the use of a Toshniwal pH meter (Model CAT, CL, 

-43) and Elico condu~tivity 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}. 

Nitrate Nitrogen by Phenol di-sulphonic acid and ammonia 
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nitrogen by Nessler's reagent (Mackereth, 1963), Phosphate­

phosphorous by St~nnous chloride and moly~te method, and 

chloride by mercuric nitrate titration tee hni,que ( 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 (tTanuary 1979 - December, 

1980) by filtering a volume of 50 litres of water through a 

silk net of mesh size 25 .J.l• This was made to 50 ml and 

preserved by:Lugol's iodine and were counted by Sedgwick rafter 

plal'lktbn 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) 1 Pennak (1953). 

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 
n -- (------) .c 

l 



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

a = average number of plankton in all counts in 

Sedgwick rafter cell. 

c = vol. of, original concentration in ml. 

l = val. of original water expressed in litre. 
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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 ~ mesh 

in a modified Kick sampling method (Williams and Hynes, 1976). 

This involved walking upstream while disturbing the substrate 

with the fewt so 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 a~dition, other samples were taken from in and around 

aquatic vegetation in order to collect the more $Parsely 

distributed and shy forms. The animal collected were fixed i.n 

5% formalin and the result obtained after counting the 

different groups were presented as their percentage composition­

The generic 1denti.fication was done with the help of the gui.de 

line given after Pennak (1953), Edmondson (1959) and Needham 

and Needham (1962). 
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3.1.4. Vertebrate fauna: 

The sources of material were the fisherman's catches. 

The collected mat~rials were fixed in 10% formalin and stored 

in 70% ethanol (Williams and Coad, 1979). Preserved fishes 

were ide!ltified using the keys in Dey ( 1878), Hera ( 1951), 

Hubbs and Lagler ( 1964); Scott and Crossman ( 1973). 

3.2 PRAWN POPULATI.ON 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 Nerrnilliod ( 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 

.facj.ng_ the current and unit area of substratum consisting of 

gravel, pebbles, boulders 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. l'n shallow stony beds, this 

method was found to be suitable. The samples collected were 

then fixed, in 5% formalin and·brought to the laboratory._ 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. 

3e3• PRAWN ECOSYSTEM STUDY: 

3. 3.1. Accessory habitat analysis: 

A. number of depress±o.ns .or rather 1 supplem~ntary 

ha.bi tat 1 .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 pravm population in terms of their 

length, frequency and sex, was also noted. 

3. 3. 2. 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): 

K = 

where K = condition factor;· W = weight ·of the prawn and 

L = length of the pravm under study. The number 105 is a 



factor to bring the I?onderal index (K) to hear ~ ty 

. ( Carlander, 1970) j 
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3.3.3. Inter-relationship of prawn population density and 

different ecological parameters: 

To study the inter-relation between prawn population 

density and different ecological parameters, the standard 

regression method ~~s been employed with the formula: 

Y = a + bx 

where Y = population density; X = the ecological variables 

such as temperature, rainfall, dissolved oxygen etc.,; 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: 

'2~XY - n ~ "l 
b = -------------

where n number of observations; X = mean of X and "l = mean 

of Y, 
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4 • 1. L.IMNOLOGICAL AS?EC'I ( INDIVIDUPJ., LEVEL) : 

4 .1.1. Physico-c11emical analysis: 

The present investigation includes a study of tv1entyone 

physico-chemical factors for two years (January 1979 to 

December 1980) at six stations (A1,A2 & A3 and B1,B2 & B3), 

three each in two different streams (Umshing and Pongtung) 

having the altitudinal and climatic differences (Figs. 3 & 4) 

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 

period. Rainfall intensity was greater in Pongtung area (low. 

elevation, 610 m) wl1ere short, ~1eavy downpours were characteris-

tic. At Umshing areas, precipitation was more frequent, but of 

lower intensity. 

II. Water temperature: The water temperature showed a distinc~ 

summer maxima and winter minima with small differences caused b~v 

rain and prolonged cloudy weather but the peak and the fall were· 

more prorninant in Pongtung stream (Fig. 8). At Umshing stream., 

the water temperature varied from 10,0°C to 18.8°C whereas in 

rongtung~ it varied from 17.0°C to 32°C, Individually, the 

stations, A1 ,A2 ~A3 ,B 1 ,B 2 and B3 had a fluctuation range of 

10,0 - 18.5°C~ 10.0 - 18 •. 0°C, 10.8 - 18,8°C, 18.0 - 32.0°C, 

17.0- 31.0°C and '!7.3- 31.5°C respectively (Fig. 8). 
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III. Transparency: It vuried to the depth of 4.0 em to 33.0 

em at Umshing stream and 10.0 ern to 55.0 em in Pongtung 

stream. Station A1, A2, A
3

, B1, B2 and B3 showed the seccj;d,isc 

reading in the range of 5.6 - 33.0 em, 4.2 - 32.0 em, 4.0 -

31,4 om, 12.0 - 55.0 em, 10.0 - 50.5 em and 10.2- 52,0 em 

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 

A 1 ,A2 ,A3 ,B~.,B2 .and B3 had a fluctuation range of 42.2 - 88,2 

cm3/sec, 50.4 - 90.0 cm3/sec, 52.0 - 94.2 cm3/sec, 38,2 - 66,0 

cm3 /sec, '+1.5 - 70.6 cm3 /sec and 51.0 - 84.5 cm3 /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. 

and A2 while the station A1 recorded the minimum of 8.5% in 

November, 1980, Out of B1, B2 and B3 station B3 recorded the 

maximum (80%) in July, 1979, and B1, the minimum (8,0%) in 

November, 1979 (Fig. 11). 

I 

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/1, 7~ 1 - 11• '7 mg/1, 7.3 - 13,8 mg/1, 

6.8- 10.6 mg/1, 6.9 - 11.2 mg/1 and 7.0 - 11.0 mg/l at the 

statior. A1 ,A2 ,~3 ,B 1 ,B 2 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. Categorically, Station A
1 

varied in the 

range of 5.8- 6.9; A2, 5.7 to 6.7; A
3

, 6.1 to 7.3. But 

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 B1, B2 
and B3 respectively (Fig. 13). 

VIII. Carbon dioxide: It \-Jas varying in general from 1.8 to 

5.0 mg/1. The station A1,A2,A
3

,B
1

,B2 and B
3 

had a fluctuating 

range of 2,4 - 5.0 mg/1, 2.6- 4~85 mg/1, 1.8- 4.6 mg/1, 

3.0- 4.9 mg/1, 2.7- 4.65 mg/1 and 2.4- 4.6 mg/1 respectively 

(Fig. 14). Station A3 recorded a quite low carbon dioxide 

concentration (range 1.4 to 4.6 mg/1) during its first annual 

cycle. 

IX. 

em, 

Specific conductivity: It ranged between 34.2 - 68.2 ,umho/ 

31.8 - 65.2 ,umho/qm, 31.8 tp 65.2 }.liilho/cm, 17.0 to 58.8 
. . ~; : -~- .. .... .,. 

].Unho/cm, 33.8 to 62.0 J.llllho/cm,. 20.2 to 55.8 ).llTiho/cm and 19.2 to. 

54.9 ~ho/cm at the station A
1

,A2,AyB1,B2 and B
3 

respectively 

(Fig. 15). During the fir 3t annual cycle, station A
3 

experienced 
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a quite low condutivity (range, 17•0- 52.8 ).Jlllho/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 strea.Li. 

although former quantity was lesser than the later. Total 

alkalinity varied from 15 to 32.2 mg/1, 15.2 to 34.5 mg/1, 16.2 

to 48.8 mg/1, 16.2 to 38.2 mg/1, 18.4 to 46.6 mg/1 and 18.6 to 

48.2 mg/1 at the station A1,A2 ,A3, B1,B
2 

and B3 respectively 

(Fig. 16). 

XI. Silicate: 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 A1,A2,A
3, B1,B2 and B3, it varied in 

the range of 3.8- 6.1 mg/1, 4.15 - 6.5 mg/1, 4.35 - 7.6 mg/1, 

2 •. 1 - 3.9 mg/1, 2.5 - 4.0 mg/1 and 2.63 - 4.25 mg/1 respectively 

(Fig. 17). 

XII. Phosphate-Phosphorous: It fluctuated· in general from 

0.24 mg/1 to 1.10 mg/1 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/1, 0.31 - 0.85 ·mg/1, 

o.40 - 1.30 mg/1, o.42 - 0.98 mg/1, 0.24 - 0.92 mg/1 and 0.30 -

1.10 mg/1 at the station A1,A2.A3,B 1,B2 and B
3 

respectively 

(Fig. 18). Station A
3 

recorded the maximum phosphate 

phosphorous value ( 1.30 mg/1) in the month of June, 1979. 
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XIII. Nitrate-nitrogen: It was varying in the range of 0.24 

o.ss mg/1 in all the stations. Categorically, it ranged 

0.16 - o.68 mg/1, 0,14 - 0,60 mg/1, 0,24 - 0.98 mg/1, 0,30 -

o.8o mg/1, 0,22- 0,85 mg/1, and 0,25 - 0,88 mg/1 at the 

station A1, A
2

., A3' B1, B2 and B3 respectively (Fig, 19). At the. 

station A
3

, the ':ll trate-ni trogen concentration \'laS quite high 

(0.30 -.0.98 mg/1) during its first annual cycle, 

XIV. Ammonia-nitrogen: It fluctuated in general from 0,05 

mg/1 to 0.094 mg/1, Individually, station A1,A2,A
3

,B 1,B2,B
3 

recorded its fluctuation range of 0,05 - 0.081 mg/1, 0,044 -

0,085 mg/1, 0,05 - 0,094 mg/1, 0.052 - 0.09 mg/1, and 0,053 -

0.091 mg/1 respectively (Fig. 20). 

XV. Calcium: It was higher at all the stations of Pongtung 

stream than those of Umshing stream. At the station A
1
,A2,A

3
, 

B11 B2 and B
3 

the calcium concentration fluctuated in the range 

of 2,0 - 3.0 mg/1, 2.1 - 3.2 mg/1, 2,20- 3.89 mg/1, 3.1 - 4,4 

mg/1, 3.5- 4.5 mg/1 and 2.20- 3.9 mg/l·respectively (Fig, 21). 

Station A3, recorded quite higher calcium value (3,0 - 3.9 

mg/1) during the first annual cycle than statiQil A
1 

and A2• 

XVI. Magnesium: Station B1,B 2 and B3 accounted for the higher 

magnesium concentration than station A
1

,A2 and A3 but station 

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

(3,0 - 3.9 mg/1). _Li_t the station A1,A2 and A
3

, it fluctuated 

from 0,51 - 1.30 mg/1, 0 .. 58 - 1.38 mg/1 and 0,84- 2,64 mg/1 
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respectively, whereas it ranged 1.0 - 2.3 mg/1, 1,20 - 2,4 mg/ 

land 1.24- 2.8 mg/1 at the station B 1 ~B2 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/1,, 0.44 - 1? 2C 

ml/l, 0.50- 1.35 mg/1, 0.40 - 1.10 mg/1, 0.35 - 1,15 mg/1 and 

0.38 .. 1.18 mg/1 at the station A1, A2, A3, B1, B2 and B3 
respectively (Fig. 23). 

XVIII. ~oiium: It showed the winter maxima and the summer 

minima at all stations and fluctuated in the range of 1.6 -

3.6 mg/1, 1.68 - 3.68 mg/1, 1.95 - 4.0 rng/1, 1.7- 3.3 mg/1, 

2.1 - 3.86 rng/1, and 2.3 - 3.92 mg/1 at stations A1,A
2
,A;,B 1, 

B2, and B3 respectively (Fig. 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/1 to 4. 7 mg/1 at Umshing 

stream and 1.7 mg/1 to 4.0 mg/1 at Pongtung stream. However. 

at station A3 ~it showed comparatively higher potassium value . 

during January 1979 - December 1980, than the preceeding annual 

cycle, Potassium concentration was fluctuating at stations 

A1,A2,A3,B 1,B2, and B3 in the range of 1.6 - 4.0 mg/1, 1.7-

4.1 mg/1, 1.90 - 4. 7 mg/1, 1. 7 - 3.4 mg/1, 2.4 - 3.8 mg/1 a..'1.d 

2.5- 4.0 mg/1 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/1, 0.98 to 2.6 mg/1, 

1.1 - 2.7 mg/1, 0.6 to 2.0 mg/1, 0.5 to 2.05 mg/l and 0.54 to 

2.10 mg/l at the station A1,A2,A3,B1,B2 and B3 respectively 

(Fig. 26). 

XXI. Oxidisable Organic Matter: It was found higher at 

Pangtung stream than at Umshing stream and revealed winter 

maxima and summer minima at all the stations. At stations: A1, 

A2,A3,B1,B2 and B3 it fluctuated in the range of 1.0 - 4.78 

mg/1, 1.0 - 4.94 mg/1, 1.25 - 5.2 mg/1, 2.6 - 8.4 mg/1, 2.4-

8.25 mg/1 and 2.5- 8.2 flg/1, respectively (Fig. 27). 

4. 1. 2. P hyto- and Zoop lar.J.tton: 

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 unev(n mossaic growth patterns of certain algal 

flora and severe spate and erosion factors. Usually, flood­

pools and small depressions in stream side boulders constitute 

a special habitat for the algal growth and also supports a 

considerable number of z.ooplank.ton. 

4.1.2.a. Phytoplankton: 

The total phytoplankton count showed a distinct summer 

maxima and wintc:..r minima .'3.t all st<1tions. Based 
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Table 3: Distribution of phytoplanl~ton taxa at each stations. 
( ~k, rare; -, absent; +, present; ++, common; 
+++, abundant) •. 

I 
I Umshing stream Pong tung stream I 

T~ I 
1 
I 

A1 A2 A3 B1 B2 B I 3 f 

r. MYXOPHYCEAE: 

C hroococcac eae 

AJ2hano thee e sp. + + + ++ ++ + 
Gomphosphaeria sp. + + + ++ + + 

Oscillatoriaceae 

LJ:llgb;:la spp. +++ +++ ++ +++ ++ ++ 

Plectonema sp. + + + + + + 
Oscillatoria spp. + + + ++ ++ + 
Schizothrix sp. + + + + + + 

Nostocaceae 

Anab~ena sp. ·+ + + ++ + ++ 

Nostoc sp. +++ + + +++ ++ +++ 

Ri vulariac eae 

Calothrix sp. ++ + + ++ ++ ++ 
.. 

Scytonemataceae 

TolYpothrix spp. +++ ++ + +++ + + 

II.CHLOROPHYCEAE 

Palmellaceae 

Palme'lla sp. + +. + + + + 

Volvocaceae 
Euderina sp. * + + + 

Gonium ·sp. * + + + 
... 

Hydrodictyaceae 

P ediastrurn sp • + + + * * 

cont' d. 
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r Umshing stream I Pongtung stream· 
J 

I 

Taxa • I 
t A1 A2 A3 I B1 B· B3 ' I 2 ' I -

Characiaceae 

f?i..P tyo sphaerum sp. + ++ ++ + + ++ 

Coclastraceae 
Coelastrum sp. + + * * 

Oocystaceae 

Ankistrodismus spp. + ++ ++ ++ +++ +++ 

Scenedesmaceae 
Actinastrium sp. * * -
Scenedesmus spp. * + + + + ++ 

Tetrastrum sp. + + + + + + 

Ulotrichacea.e 

Ulothrix spp .. · + ++ ++ ++ +++ +++ 

Cla.dophoraceae 

Cladophora sp. + ++ +++ + +++ +++ 

Oedogoniaceae 

Q§dogonium sp. + ++ ++ ++ +++ +++ 

Zygnemataceae 

SJ2irog:£ra spp. ++ ++ +++ +++ +++ +++ 

Zygnema sp. + + + + + ++ 

Desmidiaceae 
Actinotaenium sp. +- + + + - + + 

Cosmarium spp. + + + + +++ +++ 

Closterium spp .. + ++ ++ + ++ +++ 

r'Licrasterias sp. + + + +- + ++ 

Staureastrum sp. + + + + + + 

r·1e so taeniae es.e 

Netrium sp. + + + 

cant' d. 
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-........... •r=t -~........,. 

• Umshing strae.m ' . Pongtung stream 
Tax£!. r 1 

I 
I A1 A2 A; B1 B2 B3 I 
I 

III. DINOPHYCEAE: 
Gymnadiniac ea.e 

9" vmno dini tm.l sp. + + + ++ ++ ++ 

P eridiniac eae 
P erid.ini um sp.· + + + + + + 

IV. CHRYSOPHYCEAE: 

Synuraceae 
Smura sp. + + + + + + 

Glaebotrydiaceae 
Chlorobotrys sp. + + +· -

Ochromona.daceae 
Ochromonas sp. + + ++ ++ ++ ++ 

Dinobryon sp. + + + + + ++ 

Pleurochlorida.ceae 
Botrydiopsi~ sp. + + + 

Rhizochrysidaceae 
Bitrichia sp. + + + 

C hrysidia strum sp. + + + -
Mallomonadaceae 

r·1allomonas spp. + + ++ ++ ++ ++ 

v. RHODOPHYCEAE: 
Achrochaetiaceae 
A¢oninella sp. ++ + + + * * 

Batrachospermaceae 
Batrac ho sp ermum sp. + + + * 

Lamaneacee.e 
Laman ea. sp .. ++ + + + + + 

contJ d. 
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on their occurrenc~$ 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 sub~community per 

station is given. Most notable was the dominance of the 

epilithic !lora 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 composi tiono At station A
1

, A
2

,. A
3

, Myxophyta 

contributed 5.0 to 17.5%, 7.0 to 19.096 and 7.0 to 20.0% whereas 

a.t station B1, B2 and By they contributed 6.0 to 18.58%, 5.0 

to 18.0% and 6.;0 to 17 .. 0;1~ respectively towards tb.&ir total 

phytoplankton composition (Figs. 28 & 29). The f-1yxophyte 

flora was surprisingly rich in the upper zone (station A1 and 

B1) of both the streams with Lvngbva sp.,Nostoc sv., Calothrix 

sp. and Tolvpothrix dominating the macroscopic assemblage 

(Table 3). 

II. Chlorophyceae: This group was available throughout the 

year and exhibited two peaks, one in May and other in October 

;and had a winter fall in all the stations. At station A1,A2 
and A3' Chlorophyceae comprises 25.0 to 50.0%. 30.4 to 48.0%, 

and 28.0 to 46,,0% while the sta.tion B
1

, B
2 

and B
3 

comprise 

35.4 to 65.25%, 36"0 to 60.0% and 38.0 to 60.096 of the total 
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phytoplankton respectively (Figs. 28 & 29). The epipelic 

flora at the station A1 and B
1 

was scarce. Occasionally, 

SpirogYr£1. developed small mats on muddy banks or sometimes on 

the boulders and rocky beds. The dominant chlorphytes include 

Spirogyr~ spp., Ulothrix spp. Oedogonium sp., Cladosphorq sp., 

Ankistr.odesmus spp., Closterium spp., Cosmarium spp. (Table 3). 

III. Dinophyceae: This group showed the spring maxima and 

winter mi1uma at all the stations. Dinophyceae represented 

only two genera viz. Gymnodinium and Peridinium, former being 

the more abtL.'1.dant type than the latter (Table 3) • Dinophyceae 

contributed 0.3 to 2.0%, 0.3 to 2.7%, 0.2 to 3.5%, 0.5 to 4.41%, 

0.5 to 4.3% and 0.5 to 4.2% in station A1,A2,A
3

.B 1,B 2 and B
3 

toward the total phytoplankton composition respectively 

(Figs. 28 & 29) • 

IV. Chrysophyceae: This group occurred throughout the year 

with summer maxima and winter minima in Pongtung stream. But 

in Umshing stream no chrysophytes were noted during January~ 

April. However, a summer maxima was recorded. At the station 

A1, A2, A3, B1, B2 and B3 Cbsysophyceae comprises 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% aJ.'ld 4.5 

to 9.2% at statior A1,A2,A
3

, B1,B 2 and B
3 

of the total phyto­

plankton (Figs. 28 & 29) respectively. Out of eight recorded'-
• 

genera of chrysophytes, Ochromonas and Mallomonas were the 

dominant type (Table 3). 
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V, Rhodophyceae: This group showed their occurrence, only in 

spring and contributed Oa 2 to 1 ~82%, o.L~ to 2.196, 0,4 to 2.096, 

0,5 t6 3.6%, 0,5 to 3.2% and 0,8 to 3.5% at station A1,A2,A3, 

B 
1

, B 2 and B 
3 

toward the total p hytop lanl·don composition 

respectively (Fig. 28 & 29). Audoninella sp. was the only 

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

VI. Baccillariophyceae: Bac.cillariophyceae occurred at all 

stations throughout the year with certain seasonal fluctuation. 

At station A1, A2 and A3, Baccillariophyceae contributed 40,·17% 

to 61.9%, "36.2 to 56.3%, 39.0 - 57.3% and in statioJ B1, B2 
and B3 it contributed 16.3 to 46~0%, 21.2 to 42.6~ and 20,2 to 

42.~~ toward its total phyto~lankton composition (Figs. 28 & 

·29) respectively. Out of seventeep genera noted, Melosira, 

Achnanthes, Navicula, Pinularia, Gomphonema, Surirella and 

Fragellaria were the most dominant types (Table 3) •. 

4.1.2,b. Zooplankton: 

In association with the-algae, considerable numbers of 

~era-consumers, i.e. Zooplankton were recorded. The total 

zooplankton count ·showed ca distinct summer -'Iilaxima and winter 
c 

mi~ma (Figs. 30 & 31). Based on their occurrence, the total 

zooplankton v1as studied in· detail into five categories, viz~ 

. F rotozoa,~ .Rptifera~ 0 stracoda, Copepoda and· Cladoqera. In 

table 4, the distribution of each taxa per sub-corununity per 
' 

station is given. Protozoans were- the most dominant group,: 
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Table 4: Distribution of Zooplankton at each station (*, rare; 
-g absent; +,present; ++, common; +++, abundant). 

Taxa 

I. PROTOZOA 
Actinolophidae 
~ctinolophus sp. 

Macrogromiidae 
Agtinospherium sp. 

Didiniidae 
. Didinium sp. 

Podophryidae 
¥'odophrv~ sp. 
Parrnecium sp. 
Vorticella sp. 

Paulinellidae 
Eugl;YPJlq sp., 
Lecvthium sp., 
!£achele~l¥£PB. sp. 

Centropyxidae 
C entrolyxi s sp"' 
Dif:[ug ~(• 

II. ROTIFERA: 

Brachionidae 
Brachionus sp. 
Keratella ~ sp. 
Epip ha~ sp. 

Asplanchionidae 
Asp lane hr. a sp. 

Synchaetidae 
~chaeta sp. 
POyarthra sp. 

Lacanidae 
L_9£~ sp. 

Tricrl8.ercidae 
!f.=b2Jl9_cere~ sp, 

Testudinellidae 
!f;_~"S!dinel~a.; sp. 

+ 

* 

+ 
+ 

++ 
+ 
+ 

+ 

* 

Umshing stream 

+ 

* 

* 

* 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

* 
+ 

* 

* 
* 

* 

+ 

* 

* 

* 
+ 
+ 

++ 
+ 
+ 

+ 
+ 

* 
+ 

* 
* 

* 

Pongtung stream 

++ 

+ 

+ 

+ 
+ 
+ 

++ 
+ 
+ 

+++ 
++ 

+ 
++ 

* 
+ 

* 
* 

* 

* 

++ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

++ 
++ 

+ 
++ 
*, 

* 
+ 

+ 

+ 

++ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

++ 
++ 

+ 
++ 
* 
+ 

* 
+ 

+ 

* 
+ 

cont'd. 
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~~ .... - -
Umsb.ing stream Pongtung stream 

Taxa 
A1 A2 A3 B1 B2 B3 

III. OSTRACODA: 

Cypridae 
Cvpri§ spp. + + + + + + 

IV. COPEPODA: 

Cyclopidae 
Cyc~ops spp. + + + + ++ ++ 

v, CLADOCERA: 

Mo).nidae 
Moina_ sp. + + + + ++ 

Daphnidae 
Q_,aphnia sp. + + + + ++ ++ 
Simocephalus sp., * * * + + + 

Bosminidae 
Bosmina sp .. * * * * + + 

Chydoridae 
Acro12erus 'so. * * * Ch~dorus sp: * * * - - -



70 

I. Protozoa: Protozoans were recorded in all stations 

throughout the year with certain seasonal variation in terms 

of their percentage compostion. In stations A1,A2 and A3, 

these group c·ontributed 22.0 to 58.33%, 20.0 to 52~0% and 22.0 

to 50.0% whereas in station B1,B2 and B
3

, contributed 34.0 to 

62.5%, 34.0 to 52.0% and 38.0 to 52.0% respectively towards its 

total zooplankton composition (Figs. 30 & 31). Protozo~~s were 

comparatively richer in the upper zone (station A1 and B1) of 

both the streams than in the lower zone. The dominant 

protozoans were ~~inolophus sp., Euglypha sp., Centrcpyxi~ ~· 

and Diffugia sp. (Table 4) ~ 

II. Rotifera: This group was available· throughout the year 

and exhibited spring ma}dma e.nd winter minima. At the station 

A1, A2 and A
3

, Rotifera comprises 5.0 to 25.0%, 1.0 to 25.0% 

and 1.0 to 22.0% wr.J.le the stations B1, B2 and B3 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 of rotifera was always higher in 

Pangtung stream and, Asplanoha ~., Keratella sp., Braohionus 

sp. were the dominant type (Table 4). 

III. Ostracoda: This group occurred throughout the year with 

certain seasonal variation in terms of their pe~centage 

composition. Cyprt£ sppv represented the single genus at all~ 

the stations and C)ntribv.ted 13.0 to 25.0%, 10.0 to 25.0%, 

10.0 to 24.676, 2.36 to 10.0%, 2.0 to 7.2% and 3.0 to 7.0% at 
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stations A1,A2,A
3

,B1,B2 and B
3 

respectively towards.the total 

zooplankton compo.si tion (Figs. 30 & 31) • 

IV. Copepoda: This group was recorded throughout the year 

with summer maxima and winter minima. Copepoda contributed 

5.56 to 22.0%, 6.0 to 24~0%, 6.0 to 24.296, 5. 71 to 28.69%, 4.>6 

to 25.0% and 4.0 to 25.0% at the stations A1,A2,A3,B1,B2 and 

B3 respectively toward the total zooplankton composition 

(Figs. 30 & 31). Surprisingly, Cyclops was the single genus, 

representing the whole group ('rable 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 A1,A2,A
3

,B1,B2 and 

B3, cladocera comprises 4.54 to 30.8%, 5.0 to 33.0%, 5.0 to 

37.0rtP, 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 organism: 

P0ngtung stream supports a quite large number of 

benthic organisms throughout the year although there exists, 

in F.l. certain range, the seasonal fluctuation too. The benthic 

fauna of Umshing stream on the other hand, is limited in mass 

and productive potential.1 but relatively rich in diversity. 

The benthic orga:.1i sm 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). 

Umshing stream Pongtung stream. 
Taxa 

I. NEMATODA: 

Ap helene hoidae 
Labronema sp. 
Aphelenchoides sp. 

Bastianudae 

Bastiania sp. 

Diplogasteridae 
Diplogaster sp. 

Plectidae 
Rhabdolaimus sp. 
ArlOnchus sp. 
Chronogaster sp. 

Triplylidae 
Alaimus sp. 
Trilobus sp. 

Dorylaimidae 
Actinolaimus sp. 
!2g_rvlaimus sp. 

II. OLIGOCHAETA: 

Naididae 
Aulop horus sp • 
P ri stina sp • 
Q.haetogaster sp. 
Branchiodrilus sp. 
Allonai s sp. 
Stviaria sp. 

Tubificidae 
Limnodrilus sp. 
Bothrioneurum sp. 

Megascolecidae 
Eukerria sp. 
P heretima sp" 
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* 
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Umshing stream : Pongtung stream 
Taxa 

A1 A2 A3 f B1 B2 B3 

III. DECAPODA: 

P alaemoni dae 
Macro brachium hendersoni ++ ++ ++ - -

nendersoni 
tl· hendersoni cacbarensi s +++ +++ +++ 

M. - day anum * * * 
~· assamensis * * * 

Potamonidae 
Potamon sp. * * * * * * Paratelphusa spp. + + + ++ ++ ++ 

IV. INSECTA: 
Collembola 
Poduroidae (unidentified * * + * * * type) 
Orthoptera 
Epilampridae(unidentified * * + * ~~ * type) 

Meghaloptera 
Corydalidae (unidentified +!- * + * * * 

type) 
Ep hemeroptera 
Baetidae 
Baetis spp. ++ ++ ++ + + + 
t!seudocloen sp:p. * * * + + + 

Caenidae 
Caenis spp. + + + + + + 

Ep hem ere llidae 
Ep hemerella spp. * * * * 

Odonata: 
Protoneuridae 
Prodasineura spp. + * * * -i~ * 

Chlorocyphidae 
RhinocZQha spp. + * * 

Gomphidae 
Gom2,hidia sp. * * * .. 
Microgomph~ sp_ * * * * -Meghalogomph~ sp. * * * * * 

cont' d.. 
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---
' Umshing stream : Pongtung stream , 

·Taxa ' , r A1 A2 A3 s, B2 B3 I 
t 

Corduliidae 
Macromi~ gpp. * * - - - -

Libellulidae 
Orthetrum gp. * * - - -
One hothemia sp. * * - -

Plecoptera 

Nemouridae 
AmJ2hinemura sp. * * * * -Nemoura sp. * * * 
Perlidae 
Neoperla sp. ++ ++ ++ + + * ~trocqrema sp. + + + + * * 

Hemipetra 
Hydrometridae 
HJ:d.rom~~ sp. + + * + * * 

Valiida.e 
Rha~ovelia sp. ++ ++ + * * * ~icrove!la sp. + + * * * * 

Gerridae 
Limnometra . sp. ++ + + + + + 
~etrocorrs sp. + + + * * * 

Corixidae 
Micronecta sp. + + + + + + 

Nepidae 
Ranatra sp. + + * + * * 

Trichoptera 
P syc homiudae 
P svc homyia sp. 77 * * + * ~~-~ 

Ecnomus . spp. * * * + + + 
P hilopotamidae 

Chrima.rra spp. -~~ * * + + + 
Rhyacophilidae 

D 
Rhya.CQphila sp. + + * + + * 

Leptoceridae 
Lep~ocella sp. ++ ++ ++ + + + 
0 eS,_E.!j:;.\§ spp. ++ + + + + + 
Ad.ic ella spp. + + * ++ + * --=*"'· 

cont' d. 
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~~~~~.--.r ............ -~ 
' Umshing stream I Pongtung stream ' Taxa r.:tlr~I~J!'O.-...-· 

i A.l A2 A3 B1 B2 B3 
--
Hydr'oidea 

HJ:dra sp. - * * - -
Turbellaria 

Planariidae 
Dugesia sp. * * * 

Hirudinea 
Glossiphonidae 

Glossi£honia sp. * * * * * * fieiobdelia sp. * * * . -IE-

Erpobdellidae 
Barbroonia sp. * * * Heroobdelloidea sp. * * * 

Acarina 
Torrenticolidae 
Hldrachnellid sp. * * + -fi::i:dracarina sp. * .;;- + - -
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and winter minima (Figs. 32 & 33). Based on their occurrence, 

the benthic organisms were categorised into six groups viz. 

Nematoda, Oligochaeta, 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 A1,A2 
and A3, Nematoda contributed 5.88 to 24.0%, 10.0 to 25.0% and 

10.0 to 24.0% whereas at stations B1,B2 and B3, its population 

contributed 11.11 to 30,0%, 12.0 to 32.0% and 14.0 to 30 0% 

toward its total benthic composition respectively. In compari­

son to .Umshing stream, Nematoc population was higher in the 

Pongtung stream and mostly present along the bottom substrates 

of the forest leaf fall and other decidua.· Labronema sp., 
..... 

Diplogaster and Chronogaster sp. represented the most 

abundant tYPe (Table 5). 

II. Oligochaeta: This group was absent during the winter and 

early cpring and exhibited their peak availability during July 

at all stations. At the stations A1,A2,A3,B
1

,B2, and B3 the 

oltgochaetes population comprise 2.7 to 16.0%, 5.0 to 17.0%, 

4.0 to 18.0%, 4.0 to 13.0%, 4.0 to 19.0% and 4.0 to 18.0% of 

the total benthic composition respectively (Figs. 32 & 33). 

Out of the ten genera of oligochaetes recorded (Table 5 ) , 

Branchiodrilus sp. and Limnodrilus sp. were the most dominant 
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type in Umshing stream where.qs Pheretima sp, Bnd Stvla.z::.~ sp. 

in Pongtung stream and Chi-l.Qj&g0§.ter sp. being the commonly 

dominant type (Table 5) in both the streams, 

III. DecApoda: Decapoda were available throughout the year 

at all stRtions with summer maxima and winter minima. Pravv:ns 

and cra.bs were the two types of Decapoda recorded (Table 5) 

and prawns of the genus, Macrobrachium sp; being the most 

abund:=1nt forms in both the streams, At the stations A1, A2, A
3

! 

B 1, B2 :md B3 ~ the decapod population contributed 17,0 to 

30,24%, 17.0 to 29,096, 16.0 to 28,0%, 19,0 to 30,CYtb, 19.5 to 

31,0%, 20,6 to 33,096 tow:1.rds the total benthic composition 

respectively (Figs. 32 & 33). 

IV, Insecta~ This group occurred at All stations and 

exhibited Autumn and winter m.'3.xirnA., and spring and summer 

mi:nimi-1. in terms of their totRl benthic composition. At the 

stA.tions A1,A2,AyB
1

,B2 And B
3

, insec-c population comprises 

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 re-spectie­

ly (Figs. 32 & 33). Out of insect group, Ephemeropter.q, 

Plecoptera., Tric hoptera rmd Diptera were the dominAnt orders 

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

posed to be important insect population (Table 5). 

V. GFJ.stropoda: This group V·ms not recorded :'lt all, in the 

months of JanuAry ;:md Febru,qry but in rest of the months, the 

Gastropod populAtion fluctuated to a considerable extent 
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(Figs. 32 & 33) ~ At, the stations A1; A2,A3,B1,B2 and B3 ~ the 

gastropod population contributed 2.0 to 16.13%, 2.0 to 15.0%, 

),0 to 12.0%, 2.0 to 8.596, 1.0 to 8.0% and 2.0 to s.o% toward 

the total benthic composition respectively, At the station A3, 

Gastropods were rather frequent and ~ was the single genus 

found to be present at all stations (Table 5). 

VI. Miscellaneous Group: Bryozoans, Hydroidaans, Tuberlla­

rians, Hirudineans and Acarineans noted not even periodically 

r8ther occassionally were categorised into mlscellaneous 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 A1,A2,A
3

,B 1,B2 
and B3 respectively (Figs .. 32 & 33). Two types of aquatic mites 

were recorded regularly at the station A
3

• The faunal 

composition and distribution of the miscellaneous group is 

given in the table 5. 

4.1.4. Vertebrate fauna: 

Frogs and fishes together comprise the recorded 

vertebrate fauna in both the stream. Pongti..mg stream 

comparatively supported a larger number of tadpole population 

(~ 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. 



Table 6: Distribution of. vertebrate fauna at each station 
(*, rare; -, absent; +, present; ++, common; 
+++, abundant). 
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Umshing stream Pongtung stream 
Taxa 

______________ ..,.~.. _________ -'"'--------·-·· -· ·-

.AMPHIBIA: 

Ranidae 
-~ spp. 

Pt-SCE.S: 
.-0 yprini dae: 

Dania dangila 
.I 

D. dania -
Garra lissorhy?chus 
Q.. gotyla· 
9;,. annadelei 
Acr.ossocheilus sp. 
Puntius sp. 

Cha.nnidae 
Channa gac hua 
£. striata 
£. stuwartii 
g_. orienta, l.i.§. 

Siluridae 

~lurichthys sp. 

Clariidae 
Clarias batrachus 
Clarias sp. 
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4. 2., PRAWN POPULATION STUDY: 

.4. 2.1. Seasonal fluctuations: 

~robrachium helJf!~rsoni hendersoni (de Man) Flnd 

~1i9-.r.P~1J,..~chium hendersoni £:SlqJl§£~nsis (Tiwari) were commonly 

A.VFI.il8.ble in Umshing and Pongtung stream respectively. The 

popuL-1.tion of both exhibited seasonal fluctuations in terms 

of their density and the mA.ximum density being in the rainy 

summers A.nd minimum in rAinless winter. In comparison to 

~. hendersoni hendersoni, the population density of 

£:! • .h§l...l'}£l.~rsoni CA.charensis v.J8.S higher throughout the study 

period. 

ti• HEJ\TDERSONI HENDERSONI 

During the first annual cycle (January, 1979 -

December, 1979) the catches of ~. 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, 

. 19/m2 in April and 65/m2 in March while during the next 

annual cycle again in September showed the maximum of 70/m2, 

65/m2 and 67/m2• But the minimum of 19/m2 and 20/m2, both 

in Janua.ry 11 and 22/m2 in February and December were recorded 

at the stations A1, ~ :::md A
3 

respectively (Figs. 34-36). 

M. HENDERSONI CACHARENSIS 
~ 

The catches of~· hendersor~ cacharensis exhibited the 

maximum population density of 78/m2 and 87/m2 both in September 
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and 104/m2 in August of the first annual cycle studied while 

80/m2, 89/m2 both also in September and 102/m2 in Ausust during 

the next annual cycle at stations B1, B2 and B3 respectively. 

The minimum density at all these stations was observed in the 

month of January (Figs. 37-39). 

4.2.2. Sex ratio: 

Both Umshing and Pongtung stream sites were dominated 

by males over the female ~embers of ~~ hendersoni hendersoni 

and ~· hendersoni cacharensis (Figs. 34-39) in terms of their 

population densities. 

4.2.3. 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 measurement falls under six 

categories viz. 20.0 - 30.0 mm, 30.1 - 40.0 mm, 40.1 - 50.0 n~9 

50.1 - 60.0 mm 9 60.1 70.0 rnm and 70.1 - 80.0 mm. However, in 

Pongtung stream, prawns of size group 70. 1 - 80 .o mm was 

completely absent. Males were dominant among all these size 

groups and also at all the sites under study. 

!:!• HENDERSONI HENDERSONI 

Among this population, female of the size groups 20.0 

40~1 ~ 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 breedin8 group. The ovigerous (berried) 

female size ranged between 40.1 - 60 .o rnm 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 summer and early winter and the minima were noted during 

early 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 pravm catch in the month of May - J~me recorded 

the maximum berried female and the minimum usually being in 

August-September. The post breeding population (60.1 - 80.0 mm) 

also fluctuated considerably throughout the year. 

At Station A1: The population under size group 20.0 - 30.1 mm 

exhibited the peak (34.0%) in terms 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 April, 1979 and the fall being 12~9% and 13.3% in 

the-month of October and January~ 1979 respectively. The 

maximum ovigerous (16~0%) population was recorded in June 1980 
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(Fig. 34), The size group 60,1 - 70.0 mm and 70e1 • 80. 0 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 (tig. 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 group 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 rnrn 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 

respectively. 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 rnm 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 compar.i.sonto Station A1 and A2, the overall 

population density throughout the two annual cycles under all 

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 ovige.cous population was 25.076 in July 1980 and 

surprisingly, no ovigerous female was recorded among June 1979 

catches. The maximum relative densities for the size groups 

40.1 - 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 prmm 

population under 40.1 - 50.0 mm size group. However, 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 Narch and December 1979 

respectively. 

~· HENDERSONI CACHARENSIS 

The female of ~. hendersoni :acharensis, size group 

20.0- 40.0 mm constituted the juvenile population; 40.1 - 50.0 

mm -- the actively breeding group. Unlike ~· hendersoni 

hendersoni, this population includes ovigerous group ranging 

from 40.1 to 50.0 mm only and their relative density 

fluctuated during the peri·od 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. 
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The size group 30. 1-40.0 rmn recorded -their maxima during mid 

summer and later vr.Lnter r-1nd the minimA. being in the spring. The 

size group 40.1 - 50.0 mm exhibited in gener,ql a distinct pe8.k 

in April B grAdual declining rel:-1.tive densities right from 

summer to autumn. The size group 50.1 - 60.0 mm and .60.1 -

70,~0 nun were abundant throughout the two annual cycles :=tnd 

£luctuA.ted considerably at .g.ll the three sites under study. 
I 

However, the maxima was noted during auturim to spring ;md 

minimA in summer. Usually m::tle were the most dominru1t sex 

groUp but still during breeding' season the number of rema.le 

members increased proportionately to some extent. 

At StA.tion B1: The juvenile under size group 20.0 nun - 30.0 nun 

recorded a distinct peal{. (40.0%) in terms of relative density 

in September 1980 and A complete absence during April in both 

the nnnuF~.l cycles. The peak (39.4%) for the size group 30.1-

40.0 mm was recorded in October- 1980 Md a f.:tll (6. O%) in 

April )980 (Fig. 37). The size group 40.1 - 50.0 mm exhibited 

a clear peak ( 48. O%) and A. fall of ( 1 o. 0%) in November 1979. 
-· 

The ovigerous population of May 1979 recorded a maxi~um 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. O% and 38.0% in April and December 1980 and the 

fall 10.0% and 2.5% both being in October 1980 respectively. 

'At Stntion B2 : The juvenile population under size group 20.0 

- 30.0 mm recorded their peak ( 30. 0%) in terms of their relP..ti. ve 
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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.~% 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 rnm and 60.1 - 70.0 mm were noted 

throughout the two annual cycles studi.ed 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 B3: 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 densities of 30.0% and 24.5% in the month of October 
"' 

1979 and January 1979 and mini~um of 6~2% and 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 ~· hendersoni hendersoni and 

tl• hendersoni cacharensis were also occurred or rather in a 

quite good numbers at the numerous depressions located at the 

nearby surroundings of both Umshing and Pongtung streams 

respectively ( Fig(b 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 botl'l young a.nd ma.ture 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 deepest area located in the centre. Depres­

sion sizes around Umshing stream ranged from 30.0 x 16.0 em. to 

135.4 x 135.0 em with depth generally related to area and 

ranging from 5.2 to 17.5 em (Table 7). Maximum ratio of 

depression diameter to depth was 7.72: 1.0 and the ratio of 

the major axis to minor ~~is r~ngcd from 1.0 to 2.5 (Table 7). 

Depression sizes around Pongtung s-tream ranged from 50.5 x 30.0 



Fig. 40: Photographs showing the accessory habitat 

structure during winter. 

A : Around Umshing stream 

B : Around Pongtung stream 

Fig. 40: C __ : Depicting the geomorphology of a typical 

habitat during winter 

D :. A typical habitat dliring rainy summer 



Fig. 40 
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Table 7: Characterization data for acces.sory habitst-observed 
around Umshing Stream. 

Sl. Neasurement data( em) Proportional 
No. Shape 

Mi D Ma Mi D Ma 

1. Circular. 135.4 135.0 17.5 7.72 7.72 1.00 

2. Circular 92.5 92.5 14.5 6.38 6.38 1.00 

3. Elliptical 92.0 45.6 10.2 9.03 . 4.47 1.00 . 
4. Semicircular 85.6 78.5 12.0 7.13 6.54 1.00 

5. Semicircular 81.2 75.2 12.5 6.50 6.02 1.00 

6. Eliiptical 80.5 36.6 11.0 7.33 . 3.33 1.00 • 

7. Semicirc.ular 60.0 24.0 10.0 6.00 2.40 1.00 

8. Irregular 52.0 21.0 9.0 5. 78 2.33 1.00 

9. Semicircular 42.0 38.0 7.0 6.03 5.43 1.00 

10. Elliptical 30.0 16.0 5·.1 5. 79 . 3.08 1.00 . 

Map Major axis; Mi, Minor axis; 
D, Depth. 

data 

Ma Mi . 
• 

1.00 1.00 

1.00 1.00 

2.00 . 1.00 . 
1.09 1.00 

1.08 . 1.00 . 
2.20 . 1.00 . 
2.50 1.00 

2.48 • 1.00 • 

1.11 1.00 

1.88 1.00 
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TF.tble 8: Characterization data for accessory ha.bi tat .. observed 

Sl. 
No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

around Pongtung Stream. 

Measurement data (em) Proportional 
Shape 

Circular 

Circular 

Circula.r 

Irregu~ar 

Semicircular 

Elliptical 

Semicircular 

Elliptical 

Semicircular 

Elliptical 

Ma fvli D Ma Mi 

90.0 89.5 30.0 3.01 . 2.98 . 
84.0 84.0 29.5 2.85 2.85 

81.0 80.5 27.5 2.96 2.93 

80.5 41.0 25.0 3.21 1.64 

72.0 69.2 2.4.0 3.00 . 2..88 . 
72.0 37.0 21.5 3.35 . 1. 72 . 
65.0 63.5 22.5 2.88 2.82 

63.0 34.0 20.5 3.07 1.66 

60.0 57.2 20.4 2.94 . 2.80 • 

50.5 30.0 24.0 2.10 1. 25 

Ma, Major axis; Mi, Minor axis; 

D, Depth. 

D 

1.00 

1.00 

. 1.00 • 

1.00 

. 1..00 .. 

1 .. 00 

. 1.00 .. 
1.00 

. 1.00 . 
1.00 

dat~ 

l''la 

1.01 

1.00 . • 

1.0-1 

1.96 . ·• 

1.04 • .. 

1.95 . • 

1.02 • • 

1.85 . . 
1.05 • • 

1.68 

~~u 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 
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-- -Table. 9: Physico-chemical conditions of the accessory nabi tat 

Sl. 
No. Parameters 

1. Water temperatures(°C) 
2. Water level (em) 
3, Transparency (em) 
4. Rate of water flow (cm3/sec.) 
5 • Turbidity ( %) 
6. pH 

7. Specific conductivity_ (~hmo/cm) 
8. Dissolved oxygen (rng/1) 
9. Carbon dioxide (mg/1) 

10. Total alkalinity (mg/1) 
11. Nitrate-nitrogen (mg/1) 
12. Ammonia-ni ~rogen ( rng/1) 
13. Phosphate-phosphorous (mg/1) 
14. Chloride (mg/1) 
15. Calcium (mg/1) 
16. Magnesium (mg/1) 
17. Sodium (mg/1) 
18. Potassium (mg/1) 
19. Silicate (mg/1) 
20. Iron (mg/1) 

Around Umshing Around Pongtung 
Stream Stream 

16.5 - 18.0 
5.2- 17.5 
5.2 - 17.5 

55.2 - 65.2 
15.0 - 25.0 
6.1 - 6.6 

58.4 - 68.4 
10.0 - 12.5 
3.8 ... 4.4 

22.0 - 27.5 
o.52 - o.6o 
0.001- 0.006 
o. 70 - 0.86 
0.60 - 0.65 
2.5 - 3.5 
0.90- 1.10 
1. 60 - 2. 20 
1.00 - 1.50 
4.20 - 5.00 
0.90 - 1.30 

27.5 - 29.0 
20.4 •• 30o0 
20.4 - 30.0 
42.5 - 50.5 
15.0 - 20,0 
6.3 - 6.8 

54.5 - 60.6 
9.0 - 11.5 

3.6 - t..-.2 

21. Oxidisable organic matter (mg/1) 0.04 - 0.09 

24.6 - 29.0 
o.58 - o.65 
0.003- 0.009 
o. 75 - 0.90 
0.63 - 0.69 
3.0 - 4.0 
1.00 - 1.50 
1. 70 - 2.50 
1.00 - 1.80 
3.50 - 4.00 
0.60 - 1.00 
0.09- 0.12 
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Table 10: Biotic Composition of the acce~so.ry .habitat. 
(*, rare; -, absent; +, present; ++, common; 
+++, abundant). 

,, 

Biotic group Umshing site Pongtung site 

A, Total phytoplankton + ++. 

1. Myxophyceae + + 

2. C hlo rop hyc eae + ++ 

3. Dinop hyc eae * + 
4. C hry sop hyc eae + + 

5. Rhodophyceae -
6, Baccillariophyceae ++ ++ 

B. Total zooplankton + + 

1. Protozoa + + 

2. Rotifera * + 

3. Ostracoda + * 
4. Copepoda * + 

5. Cladocera * + 

c. Total benthic organism + + 
1. Nematoda + + 
2. Oligochaeta + ++ 

3. Decapoda ++ +++ 

~. Insecta + + 

5. Gastropoda 
6. Miscellaneous * * 
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em to 90.0 x 89.5 em with depth ranging from 20.4 to 30.0 em 

(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

sions· varied to some extent. The ranges of the physico-, 

chemical propoerties of the water is given ln the Table 9. The 

biotic composition of these accessory habitat also vaiied 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 

calculated for the entire study period to elucidate the 

seasonal fluctuations and presented in Table 11 and 12. The 

•K• factor exhibited its higher values for the young 

population than the mature and post mature group and also for 

males than the female populations of both~· hendersoni 

hendersoni and ~. hendersoni cacharensis. In all the four 

categories of these two populations~ the 'K' factor represented 

its two peaks~ one in Spring (May) and the other in later 

summer (September). However, apart from these, the male 

population have shown more frequent· monthly fluctuations 

throughout the study period (Table 11 & 12). 



Table 11: ·r1onthly fluctuations in the condition factor of M. hendersoni hendersoni 
. - ~ ...... 

----,------ -=·~- ~-~-.- - -, 
I I . ~) I 

,.., : M th i S I Z . E G R 0 U P ( rnm ; ueason . , Ion 
1 

. t 1 ~- . - 1 

; 1 _:::>0.0 - 40.0 l _ 40.1 - 55.0 : ~ 5.5.1 ..o BO.D -;' Ovigerous 
i i I I ~~ · 
r - ' ~ m :f ~ • m f . r -m ~ · ~ ' · f ' 

Winter Jan.~'79 2.8674 2.4760 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 

May 2.9402 2.5984 1.8388 1.3021 0.9894 0.:9196 - 1.5196 

Jun. 2.9274 2.5952 1.8446 1.3112 0.9646 0.9108 1.5189 
Summer Jul. 2.8919 2.4820 1.8266 1.3014 0.9602. 0.9081 1.5186 

Aug. 2.8924 2.4916 1.8286 1.3164 0.9618 0.8998 1.5106 
Sep. 2.9042 2.5721 1.8292 1.3182 0.9815 0.9098 · 1.5192 

Autumn Oct. 2.9008 2.5689 1.8042 1.3005 0.9779 0.8684 
-- Nov. 2.8942 2.5226 1.7932 1.2985 0.9672 0.8509 

Dec. 2.8742 2.5042 1.7856 1.2889 0.9642 O.B4SI8 
Winter Jan.:'80 2.8733 2.4946 1 .. 7850 1.2880 0.9~689 0.8702 

Feb. 2.8784 2.4945 1.7852 1.2886 0.9644 0.8814 

Mar. . 2 .. 9905 2.5078 1. 7996 1. 2965 o. 9788 0.9098 
Spring Apr. 2.9121 2.5887 1.8336 1.3042 0.9898 0.9142 1.5196 

tJlay 2.9416 2.5982 1.8420 1.3198 0.9964 0.9210 1.5250 

Jun. 2.9324 2.5831 1.8415 1.3142 0.9869 0.9110 
Summer Jul. 2.8921 2.5389 1.8292 1.3085 0.9809 0.9091 

Aug.. 2. 9024 2.5408 1.8382 1. 3105 0. 9821 0.9094 

1.5220 
1.5198 
1.5190 
1.5210 

Autumn 

Winter 

Sep. 2.9076 2.5392 1.8398 1.3124 0.9832 0.9098 
Oct. 
Nov. 

Dec. 

2.9102 2.5401 
2.9087 2.4988 

2.8766 2.4936 

1.8072 
1.8085 

1. 7962 

1. 2990 
1. 2900 

1. 2894 

0.9804 
0.9785 

0.9762 

0.8940 
0.8812 

0.8516 
.... 
.:.:.:1 

I-··~ 



Table 12: · MontlJ.1_y fluctuations in the condition factor of M. hendersoni cacharensis 
-~ ,. 

' ~-·--··-, l ' l s I ~ E G R 0 u p (mm) I I I 

Season : l\1onth J- =_;__! 

' I I 

' ~--2.0.0 - 40,0 ' 40.1 - 50.0 I 50.1 - · 70~0=~ Ovigerous i ; I I 
I r m :f I m f I m f 1 
L.... ..J_,......;,.___. 

Winter Jan' 79 3.1003 2.0198 1.9646 1. 3455 0 .. 9798 0.9762 
Feb. 3.1979 2•1792 1 ~9742 1.3498. 0.9852 0,9681 

Mar. 3.3058 2.2644 1.9982 1. 3918 0~9872 0.9720 
Spring Apr. 3.3982 2. 2856 2.0092 1•4102 0•9989 0.9742 1. 6589 

May 3.4052 2.2950 2.0488 1.4766 1.0042 0.9842 1. 6766 
Jun. 3.3912 2.2742 2.0042 1.4780 0,9980 0,9722 1 .. .67f:D 

Summer Jul. 3.2129 2.1756 1.9879 1.4502 0.9624 0.9719 1.,6592 
Aug. 3. 2189 2. 2142 1.9889 1.4681 0.,9689 0~9728 1 .. 6682 
Sep. 3.2426 2. 2159 2.0014 1.4692 0.9824 0,9784 1c6694 

Autunm Oct. 3.0016 2.2140 1 .. 8974 1.4589 0.9392 0.9766 1 .. 6534 
Nov. 3.0981 2.1001 1.8866 1.4002 0.9820 0.9734 

Dec. 3.0112 2.0089 1.,8696 1. 3686 0.9792 0,9689 
Winter Jan. 1 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 
Spring Apr. 3.2927 2.2887 2.0102 1. 3980 0.9972 0.9798 1. 6602 

May 3.3846 2. 2942 2.0514 1.4125 1.0012 0,9846 1.6698 

Jun. 3. 3918 2.2824 2.0104 1.4242 0.9986 0.9724 1.;6752 

Sumrner Jul. 3.2024 2.1856 2,0010 1.4054 0,9685 0.9717 1.6701 
Aug. 3.2115 2.2105 1.9942 1.4114 0,9704 0,9727 1.6681 
Sep. 3.2324 2.2192 2.0012 1.4401 0,9842 0,9786 1.6692 

Autumn Oct, 3.1102 2,2150 1.9116 1.4008 0,9888 0,9765 1.6501 
Nov, 3.0992 2.1142 1.8892 1.3996 0,9870 0.9730 

Winter Dec, 3.0134 2.0112 1.8765 1. 3672 0.9789 0.9692 -
~ 

0 
-.J 



4.3.3. Inter-relationship of prawn population density and 

different ecological parameters: 

The correlation co-efficients and regression equ~tions 
' of the prawn population densities. at different sites of Ums~ing 

8.nd Pongtung streams with then prevailed respective twenty one 

physico-chemical parameters and tv;enty biotic parameters were 

s~r~sed in the Table 13, 14, 15, 16, 17 & 18. 

tl• HENDERSON! HENDERSONI 

I. Total density versus 

i) Physico-chemical variables : Rainfall, water tempera­

ture, rate of water flow, turbidity, dissolved oxygen, 

phosphate-phosphorous and chloride concentration exhibited 

significantly positive correlation while water transparency, 

total alkalinity, sodium, potassium and oxidisable organic 

matter content revealed significantly negative correlation 

(Table 13-15)"~" 

ii) Biotic variables: Total phytoplankton, zooplankton 

as well as benthic organism have shown distinct significantly 

positive correlation and particularly correlation with 

Chlorophyta 9 Chrysophyta9 Baccillariophyta, Ostracoda, 

Copepoda, Cladocera, NemAtoda, Decapoda, Insecta are found to 

be positively significanT. (Table 13-15). 



II. Populat~on 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 resul~ed significantly negative 

correlation. But sodium, p~tassium and ammonia-nitrogen have 

shown significantly negative correlation at the Station A3 
(Table 13-15) • 

ii) Biotic variables: Total phytoplankton and zooplankton 

revealed significantly positive correlation while total benthLc 

organisms have shown a significantly negative correlation. 

'Categorically correlations with Chlorophyta, Chrysophyta, 

Baccillar~ophyta, O_?tracoda, Copepoda, Cladocera, Nematoda, 

and InsectEi resulted positively significant, _while Rhodophyta 

and miscellaneous resulted significantly negative correlations 

(Table 13-15). 

III..... Population density (size group, 40.1-55.0 mrn) 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 A3 (Table 13-15). 

ii) Biotic variables: Total phytoplankton, zooplankton 

and benthic organisms revealed positively significant correla­

tions And particularly Myxophyta, Baccillariophyta, Ostracod~9 

Oligochaeta and Decapoda exhibited significantly positive 

r-values (Table 13-15). 

IV. Population density (size group, 55.1 - 80.~ mm) versus 

i) Physico-chemical variables: Correlations with r~nfall~ 

water temperature, dissolved oxygen, 'phosphate-phosphorous and 

chloride content resulted significantly positive r-values 

(Table 13-15). But water transparency, sodium, and potassium 

concentrF.l.tions resulted into negatively significant correlations. 

Ammonia-nitrogen also showed a negatively significant r-value 

(-0.6714) F.l.t the station·A3• 

ii) Biotic variables: Total phytoplankton, zooplankton 

and benthic organism have shown distinctly positive significant 

correlations. More categoric8.lly, Chlorophyta, Chrysophyta~ 

Baccallar;iophyta, Ostracoda, Copepoqa,- Cladocera, NematodA., 
.;: 

Decapoda, Insecta and Gastropoda groups (Table 13-15). 

Miscellaneo'\l;s groups exhibited negatively significant r-values 

( TF.tble :13-15) • 



Table Ul Corralation oo-a.t:t1c.1mta (r) and regruaion equationa (y) o! MacrobrQ9tl1\lll hon4•rcpn1 bAn4arcpn1 (De Han) 
population Y!r.ua varioua ecological parameters at Stati.on A1 ( Umab.J.n& Str••l 

Siz. group& 
PaNJDetar 1.'ot-t d.en&l ty I I OVifaroce 

(lf) y) zo.o-4o.o""" 40.1-60,0- 60.1-80.0 .... y) 
(y) i (y) (y) 

Rain! all -<> • .5679 r-0.3.530 r-0 • .5403 r-0,4566 r-0,4647 
,.o.0562x+24,0~ y.0,0211x+6.6373 y.Q.0155x+10.3972 y-0.0142x+6,5301 y-0. 0046x+O, 7741< 

liater temperature r-0.5659 r-0,214.5 r-0.7776 r-0,5408 r-0, 7:,2 
J-3.0669~14.5~ y-0, 7227l0-1 .2724 y-1.2596,...6.6069 ,.0. 94, 2ll'-'. 7960 y-0,4072ll'-4.7575 

1.'ranaparmoy r-0,6002 r-0.?1457 r-0.5621 r-0.5412 r-0 • .5149 
y.-9~9147x+52.5584 y--0.3760x+17.3323 r--Q.2940x+18.614' r--o.3046x+14.7362 y--0.0926x+ 3· ?1471 

Rate o! -t•r r-0.5222 r-0. 3006 r-0.5872 r-0.3752 r-0,.501.5 
nov yw0.7242ll'-15.4841 y-0.3163x•11.3323 yw0.2971ll'-7.1234 r-o. 2582x-8.6091 y-o.0376,...,.7360 
Turb1c11 ty r-0.5983 r-0.4522 r-0.5286 r-0,31)60 r-0.504.5 

,.o. 3000x+20.5731 y-o. 2582ll'-8. 6091 y-o.0872x+9.4334 y-a. 1324x+4. 7961 y-0.0396l0-3.7560 
Diaaolved. o:oeygc r-0.6471 r-0.7717 r-0.5115 r-o.4942 r-o.5142 

y-6.6258~25.9998 y-4,8329l0-33o7035 y.0.9382x+4.2976 Y'"1o5992ll'-5,7400 y.Q.2888ll'-1.1019 
pH r-),,,, r-0.3523 r-0,452 r-0, 1254 r-0.3178 

yu19. 519~7.2453 Y-27.1716,...157.498~ y--7.8523x+61,1073 Y'"2o3394l0-5,7402 y--1,898'+x+U. 1908 
Carbon c11ox1de r-0.4147 r--0.4323 r-0.3454 r-0.0598 r-o. 3806 

~.3727x+6,,44,, y--9.9945x+47.1462 y-2. 2672x+4.2855 y.-0.4217x+10.2409 y-1.0843-2.5481 
Spec1!1o oonduo- r-0.3987 r-0. 185.5 r-0.7635 r-0.4492 r-0 • .5207 
t1v1ty y-0.9112ll'-16,6116 y-0.2086l0-1,2648 y-o.4129x-9·.2208 y-0,2610x-.5-2209 y.0.0968x-3.651-
Total. alkallni ty r-0,6565 r-0.4199 r-0,6547 r-0,4364 a--0,4079 

y--2. 1 118x+78,'9398 y--0,8997x+29.4327 y.-0,6747x+27.4473 y--D,5938x+21.6016 y--1,4453x+4,648' 
Silloate r-0.2443 r-0,1271 t-0.6392 ....0,3249 r-0 • .5274 

y-5,8157x+,.17B8 y-2.0740,...7,8928 y-5.0164x-12,9427 Y-2. 7393x-5,3632 Y•1.4228l0-5.7B15 
Pboapnat• 1'-0.5;198 r-0.2020 r-0,5240 r-0,4951 r-0.6137 
pboepboru. y.44.1269x+3.9155 y•10,9815x+2.6678 Y•13.6976x+3,8122 Y-13.6o26,...0,2042 y-7. 3061l0-3.2685 
IUtre.te nitrogeD r-0.3005 r--0,0882 r-0.6663 r-o.4422 r-o. '7048 

y-27.0726x+21 ,o,, y--4.940x+11.8917 Y•17.9447x+5,2730 Y-12.7926x+,.3364 y-6.5253,...1.2168 
Ammonia n1 trog- r-0,0269 r-0. 1 10l r-o. 1665 J.' . ..Q. 1238 r-0,0372 

y--;1.4529x+34,9369 
y-9.690 "'"'·'"'' 

y-6,99Q6x-17.2901 y--5.56~5x+12..2972 y--o. 5 584x+ 1.8f<99 
Calcl\1111 .r-0,}629 r--0.3425 r-0. 1817 r-0,2454 r-0.2996 

y--14.715x+41.5513 y--22.7118x+66,6949 y-2.6237x+.5. 4.501 y--3.0051><+18,6467 y-1.7051x-2.4007 
ltagnea1 Ull r-0.2667 r--0. 1434 r-0.5565 r-0 • .3688 .....0,56~9 

y-15.0516x+17. 7'70 y--0.5}20x+15,0650 Y-9o9287x+2.9867 ~7.06a3x+1.7162 y~J.45~}x-1.9016 

Chlortde ,....0,4602 r-o. 1828 1'-0.4718 r-0,48:)9 r.0.4926 
y-36.2426x+7,,0S3 Y-9.64B6x+2,9988 y•11,978Bx+4,2649 ~13.2525x-0.7205 y-4.3001~1.5459 

SocU.uza r--0,5493 r-0.20, r-0,7009 ,.....0,5062 r-0.7662 
y--12.9583x+6b,0220 y--}.1546x+17.9564 y--5. 1 795x+ 26. 087't y--4.0167x+19,0149 y--1.9469x-6,5132 

Potaeai- ,.....0,5545 r-0.1653 r-..0,6859 ,.....0,5092 r-0.7183 
y-- 10,6243x+61 o'7261 Y--2.1113x+15,5075 y.-0,4213x+24,0741 Y--3o3594x+17,6951 y--1.6437x+5.9175 

Iron r--0.3256 r.0,0540 r-0.4728 ,.....0,4404 r--0,8516 
y--10,5163x+51.2082 y-1.1913x+7.1703 y--4,9413x+21.3397 y.-5.0135x+17.3483 y.-3.1031l0-6,6735 

Oxid.iaabla r-0.7027 r--0.5020 r-0,4701 r-0.6;187 r--0.5366 
organic mattar y--7. 3981x+53.7'29 Y--3.4880~19,6579 y.-1.5685x+17.1681 y--2. 2895x+15o'11.54 y.-0,6155x+3,2337 
Total pbytoplOIDk- r-0.7936 r-0.5979 r-0.5445 -o.60o6 r-0.4312 
ton y-o.OG15x+14,4235 y-0,0390»-1.7076 y-0.0171x+7. 6953 y.0,0206x+2.596a y.0.0046x+0.1236 
ltyxoptlycM.a r-a. 1467 r-0.0831 r-0,4631 . r-0,221, r-0.6637 

y-0. 2448x+28,·1, 7 y.0.0766x+7.7867 y-o.2052x+7.2"4 y.Q,105 x+5,8561 y-o. 101 1x-1. 1973 

Chloropbyood ·zo-0.7676 r-0.6929 r-0.35}7 r-0.5472. r-0,2845 
y-0.1606x+12.5,15 y.0.0971l0-1.4749 y-0,0238x+9.97}Z y-o.0}96x+4,0531 y.0.0066x-10,7323 

DiDDpbycoao r-0.0149 .r-0. 191} r-0.4132 r--0,0266 ro0,3058. 
y-o. 150.5"x+:50,88U Y•··1. 2909x+ 12.9531 y•1,5J5lx+9,0 .. 0\ y--0,0936x+6o0872 y.0.3411x+0.6,, 

Cbryaoptlyoee.o r-0.7083 r-0,6521 r-o. 2&.J"/ r-0.5417 r-0.:<106 
y-2,0080x+21.5054 y-1.2878x+3,8233 y.0.2471x+1 1.5940 y-o,5528x+6,0872 y.0,0688x+1.1769 

Rbod.op nyo ... o r-0.~6 r--0.4842 1'-0.1549 ,.....0,2996 r-0.3399 . 
y--2.0510x+}4.3386 y--2.4063><+12.4401 y-0.4130x+12.3024 y.-O,R!;78x+9,5959 y-0. }1 15x+ 1.1625 

Baoo1llar1optlyooao r-0,8078 r-0, 5720 r-0,6272 r-0.6426 r.0,4754 
yu0.1'(04x+7.3456 y-0.0608x-1.5068 y-o,0462x+6. 7679 y-o. C\469x+ 2.0827 y-0,0111x-5.6244 

Total r-0.7099 r-o.4842 r-0.5615 ...,.;o,5856 r-0,6652 
zoopl.&nkton y.0.9851l0-23.4206 ya0.4513x-15.2160 y.0.2517x-1.2206 y-o.~019x-6.9839 y.0,1027x-4,1989 

'Protozoa r--0.4362 r-01+205 r--0.0662 r--0-~~ r--0.5876 
y-0, 2242x+75•7195 y--1,4459x+36.5121 y--0,1097»-14.9267 y.-0, x+22.2805 y.-0.3345x+8,1341 

Rotitora r-a. 1421 r--o. 1338 r-0.4241 r-Oo"-091 r.0.7477 
Y-0,4546><+28•2571 y--0,286ax+11,7219 y.Q.5092x+9,3972 y.;o. 23 22x+ 7. uao y.0.2751x-0,2882 

Ostracoda r-0,7631 r-o.5003 r-0.5581 r-0.7167 r-0.5652 
y-3.4407»-3.8126 y-1.514Bx-5.5673 yoo0.812.6x+4.4878 Y•1.1213x-2•73}Z y-0, 2630x- 1. 3774 

Copepoda r-0.7019 r.0.6618 r.0.2669 r-0.4773 r.0.2723 
y-2.9160x+9.1365 Y•1.881}»-4,4336 yc0,3542x+10.0637 y-0.6805x+3.5064 y-0,12~2X+0.5579 

Cledocora r-0.5966 r-0.5589 r-0.2108 1'-0.4460 r-0.4106 
y-1.7073><+11,9001 Y•1,0712ll'-2o3077 y-C.1949x+10 • .5496 y-o.4416x+3.6609 y.Q,1556x-2.6241 

Total Bantbio r-0.6227 r--0.5541 r-0.5726 r-0.6~22 r-0.6466 
organ!- )""1.5039x-10,8611 - y--0.5834x+1.9536 y.0.3373x-2.3055 y-o.4127x-2.8881l y-0,1309»-2.1667 

li8111atoda r-0.8032 r-0.5647 . r-0.5041 r-0•7385 r-a. 3962 
yoo5.09x+6.2231 YD2.3973~1.1l536 Y•1,0291x+7 .6901 Y•1.6636x+0.4874 y.Q.2781x+0,1325 

Ollgocbaata. r-0.3359 r-0.0773 r-0.6072 r-0.2614 ro0.6651 
y•2.5454x+26~151l1 y.0.4288x+9.0112 y•1.6185x+9.6478 ya0.749 x+7.2302 y.0,6095x+3.8182 

Decapod a r-0.9011 r-0.6171 r-0.6909 r-0.7~ ' r-0.6001 
y-5. 7099,...S.Z437 yn2.6198,...S.2B74 y•1,4195x+2,9933 y-1.6 . x-2.9497 ya0,421~1.41lZ 

Inaeota r-0.6974 'r-0.4807 r-0, 11•65 r-0.5562 roO, ~279 

y-6. 4»-32.•75 y-0.0171x+10,1469 y.0,4334x+8,4167 y-1. 7667»-9.0 y.0.3334x-1.8333 

Gaatropoda r-0.4194 r-0.~3 r-0.3726 r-o.4162 r-o.4068 

y-4. 0 301lo+ 19.8296 y-2, .552x+2.6722 y.0,6148x+10.3732 y-o.9772x+,,81&4 y..0.3733J<+0,4112. 

Hiacellaneoua ~.0452 ·r-0,4850 r-0,2297 ,.....0.~098 r.0.0<)81 

group yu0.1505x+)J.8862 y--3.92~16.0458 y--0,8389x+13.7288 ,.-1.m9x+10.9999 y-O. 1 198x+1.3'10' 



Tablo 141 Correlat1on oo-at:Cichnh (r) an4 regr .. aion equat1ona (y) o! Mncrubroellil.!!l! benshrDOni lw!!l,erooni (De Man) 
populat1on varsu.e var1oua eoo logioal. paralletera at Station Az ( U111all1ng Stra•) 

" 
Size group1 

P CU"eJDoter Tot4f d.anai ty I 
Oviferoua (x) y) 20,()..40,0 IIIII I 40,1-60.0 liD 60.1-80,0 111111 

(y) l (y) (y) y) 

Raln!all .....0,.5823 r-0,,., .....0.5148 .-0.4678 '....0,5729 
y-0,0506x+24,8454 y.0,02256x+8.0950 y..0.0145x+1 1,0605 yoo0,0097x+8, 7829 y-o,oo64x+0,8651 

Watar t~areture .....0,5742 r-0,2141 r-o.6.,9 .r-0,4678 r-0.8729 
y-3.44Go~17.5542 Y'"(l,836'7»-2.0304 )"-1. 1978x-4.5978 y-0.7652»-1,2:096 y.0.5641x-6.6144 

T ransp a.renOy r--0,5936 r--0,4086 r--0,4859 r--0.5136 r-0.5298 
Y--1 ,0}02x+53.6972 y--0,4741x+19.5311 y--0,2518x+18,0465 y--0.21•96x+15.0056 y-o. 1092x+3.91'J 

Rata o! -tar now r-o,5373 r-0,}036 ~.5588 r-Go37}0 .....0,5672 
y-0,04G9~24,0112 y-0.3370~12,4494 y-0.2764x-5.5812 y-0.1734x-1,5676 y.0.1117x-,.1184 

Turbidity .....0,6070 r-0.4709 r-0.4967 r-o.4272 r-0.6376 
y-0,320~19.9452 Y'"(l,1}09x+4,8427 y-o,0782x+10,065' y-0,06j1x+7,6805 yoo0.0399x+0,2057 

Diaeolved. ox;ys .. r-0,6693 r-0. 7508 r-o.41)42 . r-0.5074 r.Q,4562 
r-7.1075~50.2704 y-4,8473x-34.055' y..O. 1226x+ 1.9776 y-1.3725~2.3656 y-0, 3847JOo1o 7028 

pH r-0,4147 r-0,2771 r--o.3231 r-o.~ r--0.3472 
y-21.3544~96,8319 y-19o1708x-108,08g4 y--4.7947x+42.;8973 y-5. 105~25,2052 y--Q.2052x+3. 1026 

Carbon dioxldo r--0.3566 r-..0,4106 r-0.0549 r--0.3213 r10.38~ 
y--G.1547x+64.1835 yoo-9.2902x+45.538' y-o,03684x+11,8686 J--2,0215x+17,8}08 y-1 .02 2JOo2,0076 

Speoitio r-0,424!1 r-0,2421 r-o.5831 1""0.2:364 r-0,4980 
OOIIdUOt1 V1 ty y-O,U103x-8,8878 y-0,}063x-5,6251 y-o, 3294x-4.0921 y-o. 1253x+5.65.12 y-0.0921x-3.0241 
Total olkalinity r--0,6547 r-..0,4204 r-..0,1)971 r--0,4007 ro-0,4351 

y--2. 123Gx+81 .9661 y--0,9915x+33.02)9 yoo-0,6561x+28,1547 yoo-0,36QOx+18,4481 y--0.1630x+5,5377 
S1l1oata .-0.3536 r-0,2421 .....0.5948 r-O,:J097 - r-0,6403 

y-0,5901~11.1166 y-2,1456»-6,9245 y-4,17}Bx-8,6450 y-2,0331~.4459 y-1. 78d8x-7.5508 
Phoaphllta r-o.6311 r-0,4109 r-0.4934 r-0,4!)09 r-o. 7642 
phoaphorua y-65,025~5.3025 y-28,0970x-7.4889 )'•15,4929x+,,6056 Y•12,3411x+2,5676 y-0,5538x-4,11)9 
Nitrate .r-0,,229 r-0,0272 r-0,6421 r-o. 1626 roO, 7298 
ni'tfO{lQD y,:)lf,5169x+20.0826 y-2. 14a1x+9. 7057 Y-22.5390x+4.8917 )'•5. 354 7x+8, 2642 y-10, 2006x- 1, 9494 
Alaoonia n1UC>se r--0,03!12 r-0,271, r-0,28)9 r--0,1219 r--0,0332 

y--4, }071x+36. 7779 y-2.2017x+8,9692 y--10,6624+20,4027 y.-4,2959z+1,.1,18 r--0,4976x+2.1671 
Colo1\D r-0,2342 r-0,4127 r-0,1927 .--o.~27 r.0.3127 

Y--12,3456x+76,4256 y--20,5461x+S1,2164 y--2.6745x+15,4268 y--o, 2?1xt-17.52:SZ )'•1,6452x-3,4672 
Mqne.S.\D r-0,2~39 r-0,1231 r-0,4586 .-o. 1486 r"0,6854 

)'-13. 710x+19.3816 . y-4.601txt-15,4854 Y•7• 2812x+5,49" y-2.3694x+7.7265 Y"4.6351x-3. 1030 
Chlondo r-0.40.57 .r-0~306.5 r-o.5463 .r-0 • .5464 r-0,.5,7 

y-31.7070x+10,1098 y-15.0107»-9.9573 Y-11.9484x+4,0995 y-10,3199x+2.6562 y-4,4557x-1,5791 
Socti .... r-0,5201 r--0,2009 r--0.5081 a--0,4531 r-0.5863 

Y--12,6490x+67. 3898 )'--3o3110x+19o27J6 y--0.3596x+22~7779 y--2.1453x+15.9''' yoo-0, 64:56x+3.8065 
Pot u.s.- r-0,5651 r-0,2047 r-0.5240 r-0,4674 r-0.8463 

y.-11,57~66.5906 y.-2.0190~18,3627 yo-3.2002x+22, 1759 y--2.1197»-16,1626 y--2.0721x+7,6125 
Iron r-0.3.560 r-0,0133 r--0.4838 .--o.,:>o1 r•-0.9259 

y--12.3047x+56.49'9 y.0,3225x+9.911' Y-5o2330x+22,9002 r--3.045~15,8078 y--3.9872x+9.1101 
Ox1·d1-bla r-0,7410 r-0.5449 r--o.5465 r--0,631•2 r-0,6190 
orgn1o ~~~attar y--a.0790x+57.7115 y--3.9491x+22.0349 yo-1,7685x+1B.4155 yoo-1.9254x+15,8758 y.-0,7975x+4.1627 
Total pbytoplanlc- r-0.7762 r-0.5954 r-0,5728 r-0.5978 r-0.42, 
ton y.0,0794x+10.9317 y.0,040~1.1.5909 y-o,Ot75x~.0551 y-0.0172x+5.1641 y.0,0059x+0,0646 

M)'lrDpb)'o-• r-o. 1977 r-0, 1012 .r-0,4720 r-0.0405 r-0,6881 
y-0,2'r.l7x+26.6474 y-O,Q902x+7,8826 y-o.1611x+8.9542 y-0,0164x+9,8104 ~.1186x-1.3301 

Chloropbyoa.a r-o. 71352 r-0,6579 r-0.4413 r-0.6553 r-0.3264 
)'-Q,16G5x+14.6089 y-o.0971..0;7955 y-o.o291x+9.8670 y-0. 0404x+5. ,,_. yoo0,0085x+0,8' 

Dinopllyoeaa .--o. 1376 r--0,2403 r-0.2247 r-0.1!584 . .-o.2W. 
y--1.4046x+,7.3946 y--1.7056x+14.6221 y.0,7123z-11o52B4 y-..0.4113x+11o2441 y-0.31 . x+1,0'7:56 

Cnryaophycaao r-0,76.52 r-0,6250 r-0.4226 r~0,6'r.)S r-0.2918 
y-2.2009x+·' 5635 y-o. 13004x+4,451 1 y-0.3922z-11 •• 197 y.0,5883x+7.J04J yoo0,1078x+1. 3305 

Rbodop~-· .-o.4Go3 r-0,!£}29 r-0,6502 r--0,4574 . r--0.3241 
y.-,,9277x+,5.2551 y.-2.6411x+13.3611 y--0,1693x+1,.4334 J--1o1173x+11o4604 y--0.3295x+1,4762 

Bacoillari.opbl'O•a r-0,'7G6o r-0,5873 r-0.6096 ....0,5007 r-0.5228 
y.0,1641x+10.9982 y-0,0873»-1.7497 . yooO. 0404x+ 7 .5'724 y-0, 0361x+J•1 "5 y.0,0138x-0,1Q55 

Total ..,oplc!k11oD r-0,6029 .-0 • .5100 r.-0.5380 .r-0 • .5!12' r-o. 7252 
yoo0,963~19.4586 y..0,5008M-17.7J90 y-0.2356x+Oo17a't y.O, 2107»-1.8919 y-0,1264x-5. 1839 

Proto- r-0,4555 r-0,5166 r-0.0937 r--0,4305 r--0,5001 
Y--2.3720x+81,0609 y--1,8710x+47.6097 y-0, 1525x+10o2439 y-..(),6533x+Uo2073 y.-0,3275x+2,3293 

Rot.Uara r-0,024~ r-0,1015 r-0.2906 ....0,0102 r-0.7898 

y.O, 0809x+ "· 4667 y--o. 2288x+ 12.0064 y-0. 2926x+ 1 1 .1}236 )"'0,0172x+10.1J66 y.0.3165~.2507 

Oatria<>o4& r-0,7694 r-0.58313 .-o:54za ....0,669.5 r-0,6187 

y-3.5256.-1,8436 Y•1,8598x-B.4084 y.a, 7722x+5e3989 ,.0.8935x+1.t659 y.0.3504x-1.7291 

Copepoda r-o. 7351 r-0,6488 r-o.z380 ....0.6142 r-0.2754 
y-,,0~10.728 y-1 ,8836»-3. 78)9 y-O. 381x+9.9272 ,..o. 7470x+4,4847 y.Q,1421x+0.7558 

Chdooan r-0,6370 r-0,6250 r-0.21!'8 r-0,4679 1'.0,4050 
Y•1.8498x+1,.0345 y-1.260~3.'7829 y-o.1943x+11,0469 y-o. )95~. 710J y.0,1738x-1.3714 

Total Bentllio .-o,m8 r--0.6335 r-0.4759 .r-0,6249 r-0,6583 
organ1am Y•1,4330~.1481 y-Cl.2.27x+12,,70 y-0.2738x+5.58'' y.0,3373x+0,8055 yooO. 1507x-2.3889 

N•o\:oda .r-0,7968 .-0,6209 r-0.4562 r-o.z667 r-0,4170 
y-5,1 1.78x+,8,8371 y-2.7735»-3.1364 y-0.9099x+8,7761 y.t, 344x+,. 197.5 y.0,3311x+0.20" 

0Ugoobaa1:a r-0,2326 r-0,0441 r-0.5436 r-0. 11:56 r-0,7796 
Y•1,9503x+30.2618 y-0,2573x+10,0067 y-1.4153x+10.,,72 y.0,2776x+9. 7176 y-a .aoa 1 x+O, z844 

Dacopoda r-0,8554 r-0.~7 r-0.6236 .r-0.6987 r-0.6171 
y-5,801~7.6616 Y"2o 2»-10,0026 y-1.2437x+4,6476 y-1 .:J072x+1.2079 y-0.4904»-1.5562 

Inaaota r-o. 7"...01 r-o. 7318 roO. 1269 ...0.6520 r-0.2319 
y-6,8667»-34.6667 y-4.7333»-36.833' y.o.3667x+9,58" )'•1.7667»-7.4166 y-0.2667x-8.333) 

Oa•UC>pocta r-0.3442 r-0,~24 r-0.3518 r-0.4569 r-0,2~2 
yoo4.1542z+21,8907 y•2 •. 55x+3.250' y-o. 751 1x+1 1.0591 )"'0.9150z+7.,81 1 y-o.5 22x+1.544Z 

M1 ec ellanaoua a--0,6498 r-0,5474 r-0.4,2 r--0.5849 r--0,0238 

Y--1.9031~3.3135 y--4.5728x+15.6016 y.- 1 ,6525-15,'1779 J-1.9576x+12,,,38 y--0,0388x+1.8128 
sroupa 



tablo 151 Coreelation ooeotfiolenta ( r) and rogruaion equation• ( y) ot l:!n2robrgoh1\ll!! bspd,!II'!!Oni tumc1Rraon1 · 
(De Man) populatiOn vereua various aoological pariiiDehre at. Sto.tion ", (Umehing Strai!ID) 

Size groupt 
Par{yeter total dcW.ty Oviferoua y) (y) 

20.~.0 ... 40,1-fy,o IIIII 60.1m,o IIIII 
y) 

Ral.ntall r-0,6388 r-<>.~64 r-0,6763 1"'0.58~ r-0.6095 
y-0,0629x+27~0451 y-0,0131:><+7.1099 )""0,01 28x+4,65H y.<>, 289Qx+O, :5898 y-O,OS26x+O, 75'!0 

Vater temparature r-0,6331 r-0,2082 r-0, 70:58 r-0,5666 r-0,6875 
y-3.330~14.8569 y-<>,4n:tx>1,6267 )""!). 8091 x-0. 05 76 )""0.47~~3.2304 y-0,5665x-6,8509 

tranapariiiii'IOy ..-Q0,6200 .r--0.3331 .r--0,6600 1'-0;5159 r--0. 550 3 
Y--1.16~60.2012 y--0.2531:><+13.4521 y--0.2286x+10.5310 J--0,0591x+5.1994 y--0.1503x+4.5945 

Rate o:r -ter nov ;·~.5307 1"'0;2509 1"'0.7121 1"0),~20 r-0,6688 
Y-0,6776~11.2228 y-0. 162~2.5981 y-0,2243x-4.5297 )""0.074~1.4549 y-0, 1512x-8,B5n 

'furb1d1ty ""'0,6559 r-0.5666 r-0,6605 ...0,4086 r-0.6418 
y.0.3290x+20.4784 y-0.4~-3.2304 y-0,0859x+2.7~ )""0. 09 :!l:(ix+4. "58 y-0,052Bx-0,66g4 

Dieaolvacl. ox:ygan r-0, 7021 r-0, 7051 r-0.8407 r-0,6351 r-0.5179 
y-7,0641~26,9841 y-2.1910x+12.8789 y-1.3101X.6,550S y-O. 719~3.0444 y.0.5785x-3. 7991' 

pH ...0,3546 r-0,:5470 r-0.3153 r-0.3031 r-0,2368 
y-25.9'•2D»-128.5n1 y-11.4002x·66.1158 y-5.47~x-22.4928 lf'"4,4665JC>-25,27:11 . y-1.2954x-6,5421 

'Carbon dioxide 1""-0,4001 .r--0,3761 r--0, :5476 -a. :5090 r--0.1251 
y-o.0,3471x+64,B101 yoo-5,0964:><+27.2826 yoo-2, 1857x+13,,·19. y--1.4451~.6293 y-0.3027x+2.9346 

Speoifio r-0,2626 .r-0.3261 r-0,2501 1"'0,2763 r--0.3632 
oond.uoti v1 ty y-0,402~17.07201 y-0.1823:><+3.7832 y-e.0421x-7,80n y-0,0156X>-4,6189 y--0,0730:><+4,1222 
total tllkalln1 ty r--o. 7'JJ1 r--0,1372 .r--0.3077 r-0,2041 r-0.3954 

f--2,176Gx+87,9957 y--0.1173x-13.4367 y--0,1681+0,2050 y-0,8U53x+0,8819 y-0,1829x-4,7867 
Sllloate r-0,2927 1'-0,1862 r-0,6896 r-0.:5810 r-0,8052 

~.721Gx+10,2352 y--1,1734x+16.0557 y-1. 2325x-7. 4006 y-0,850GJC>-0,9228 y-1,8256x-B~8569 

Pllospbnto r-0,6671 r-0,2147 r-0.7228 r-0,479'• r-0,7546 
p 11o up ho rua y-51.5309x+1. 274 y-4,8619:><+4,8534 ~.2058x-5.5579 y-2.3054:><+2,1609 y-6, 140x-3.:5414 
111 trnta n1 trogan 1"'0,4009 r-0,1 158 r-0,4767 .l'oo0,3403 r-0, 7902 

y-50,7265:><+6,1831 y-3. 7306:><+6,8262 y-7. 7122x+1,9431 Y-3~996Jx+1, 7489 y-9, 1476x-3,5}4j· 
AIIIIIIOnlUII nltrogan .r-0,1447 r--0,6252 r--0.2529 1'-0,671'• r--0.54:54 . 

Y--18,8752x>50.1764 yoo-2,0601x+17.2877 y--9.5372x+5.4579 y--1.0445x+7.378' y--0.8335x+4.5632 
Caloil.a .r-0.4914 r--0.442.5 r--0.4229 1'-0,4536 r-0,224E> 

y--15. 7660x+73. 7006 y--9.2061x+40.5376 y--4, 1086x+zo.621iz y--3.20~3x+15,1114 y-2.2465x-4,6785 
MagnoslUI r-0.3998 r-0.2909 r-0,6960 -).4103 r-0.6432 

y-25.3063x+3.5333 y-2.9479x+3,8115 y-3.5383x+0,2556 y-1.7011:><+1,1245 y-2, :5433x-2. 1907 
Cillo ride r-o,5269 r-0, 1193 r-<>.5529 r-0,4801 r-<>.5985 

y-37.8494:><+7,1417 y-3,891 1x+5,6624 y-9,o488x-1.3n2 y-o. 9525x+ 3. 329.2 y-7,019~4. 1714' 
Sod.lUID r-o.5343 r--0,4866 r--0,0049 .r--0. 71.50 .r--0,0245 

Y--12,0018x+?0.7019 y--9.7096x-41.9601 ·y--0,8127:><+ 33,8587 y--5. 2441x+20.4082 y--2.3441:><+9,8723 
Potaaal\al .r-0~6084 .r--0,6252 r--0.8234 .o:-0,8)28 r-Cl:1245 

y--10,0114x+67.2430 y--2.6681x+ 17 •. 2877 y--6.5526:><+28.6154 y--e. 4497x+ 30. 408a y--6,4497:><+10;)827 
Iron .r-0,4404 r--0,1781 r-0,5038 .r-0,4795 r--0.5386 

y--13.6072:><+63.6096 yoo-4.771x+19.9842 y--6.7684:><+2.2.0491 y--0. 4602x> 14.6667 yoo-3.2603x+9,4499 
Oxidlaable ...-.o.8oso .r--0,6252 r--0.7766 r--0,6714 r--0.54:54 

. organlo -"- y--8.2243x+62.2271 y--2,0681:><+17.2877 yoo-1,6621x+11.6943 y--1,0445:><+7.3785 y--0,8335x+4,5632 
total pllyto- r-0,8596 r-0,6909 r-o.9441 r-0.6569 r-0,4271 
plankton y-0,0606x+.2,2375 y-0,029'tx+0,5439 . )""!). 0201:<+0, 7319 y-0,0067x+1.9~ y-0.0063:><+0, 1328 

Myxop lly'c ••• r-0,2207 r--0,0396 r-0.5701 r-0,3106 r-0.5391 
y-0,2190:><+13.9725 y--0,0229:><+9,6960 y-0, 1658:><+2. 1610 y-Q,0656x+2,1t151 y-0,1123o-9.9700 

Cllloropbyoeae r-0,9162 i-<>,807'• r-0,4387 r-0, 7578 r-0.2275 
_y-Q.1330JC+12,9725 y-D,0712x+0,7918 y-0.0379x+2.1606 Y-(),0243x+1.3294 y-0,0072x+1.1526 

Dlnop lly'ceae r--0,2749 r--0,4010 r-0.0769 -a. 1513 r-0.3156 
y--1.9331:><+.24,505 y--1.7023x+13.1973 y.O. 1638:><+6. 18'12 y--2. 341 .. 4, 732/t y-0,4816x+0,8)61 

c llryaop lly'c ... r-0.9247 r-0,8674 r-0.4356 r-0.7264 r-0,2156 
y-1.903Gx+10.9495 y-1 .0779x+4,0527 y-0~4896x+4.2981 y.0.3291x+2,6307 y-0.0963x+1,5504 

Rllodopbycaae .r--0,4~ r--0,6220 r--0,0244 .r--0, 1740 r-0.2593 
y--2,4 :.<+22.4988 y--2.1693:><+11.4334 y--0,0428x+6o6297 y.-e.~212x+4.4063 y-0, 325 1:><+ 1. 64 78 

Baoo1llar1oplly'caaa r-0,7645 r-0.5046 r-0.7281 r-0,6013 r-0.5010 
y-0,1126x+4,0371 y-0.0519:><+1,7907 y-0,0413x+0,777) y-0,0193x+1.4320 y-0.0161x-0,2465 

Total. 1000plal>i<ton r-0, 7454 r-0,5415 r-0,8661 r-0.6'101 1"'0,6142 
y-0,7241~20.3563 y-0, 3176~.5448 yoo0.2547x-7~5574 y-0,143~3.7862 y-0.1129x-5.1873 

Protozoa .r--0.5632 r--0,3{i59 r--0,43:54 .r--0. 3706 r--0.4627 
y--2.0211x+59.9146 y--O.~J26x+24.8048 y--0.6881x+20.2317 y.-0.52~14.6707 y--0.3135x+8,2195 

Roti:!era r-0,0221 r-0,269() .r--0,4187 r-0.2045 r-0.6768 
y.0,0493x+19.5089 y-0.}62l3x+11.4718 y--0,2831x+4.7192 y-Q.1006x+3.5046 y-0.3281~1.5963 

Oatraoocla r-0, ~)01 r-0.6316 1"'0.8363 r-0,6829 r-0.5786 
y-2.4932»-5.5148 y-1.2035»-3.152.2 y-0.7991x-1.5417 y.e.474~.6563 y-0.396~2.0282 

Copa&k>da r-0,8&. r-O.Tl12 r-0.4396 r-0.6667 r-0, 1936 
y-2. 3'" tx+1.6452 y-1.3391~1,0716 y-0. 6440x+ 1. 6989 Y-(),4219 y-0, 1208x-1,0834 

Ch4ocara r-0, 7471 r-0,622.5 1"'0.4159 r-0,6731 r-0.3811 
y-1.4924:><+2.9190 y.a. 7505x+0.5m y-0.4330:><+1.67'4 Y-().2958x+0.81)2 y-0.1652x+0.12?4 

total Bantbio .. 0.7003 r--0.5492 r-0.9583 l'lr().7156 r-0.5991 
organlam y.0.9960x+13.9725 y-0.4232x+2.7685 y-0.3703x-3.7870 y-0. 201 1»-1. 4629 y-0,112~9.9700 

ll.utod.a r-0,8076 r-0.6Jl3 r-0.8374 ...0.7861 ...0.3641 
y-3.5735:><+2.2635 y-1,6 3x+0.9496 y-1. 1218x+1.0675 y.0.7655x+0.4028 y.O. 3496x+0 • .2807 

OUsocbaata .....0,2470 r-0,0239 r-0.5667 r-0.2.592 r-e. 7131 
y•1,4311x+17.0902 y-e.oa35x+a.9232 y.O. 9909x+4,. 6839 Y-().32~3.5349 y-0,8939:><+0,2867 

Deoepoda r-0. 7Ef. ' r-0.5836 r-0.9085 r-0,6556 r-0.5794 

Y•3.4 »>-3.8940 y-1,5589~1.6993 y-1,217~1.8,7 y-0.6384»-2.4901 y-0.5562x-1,8476 

Inaoota r-0.5931 r-e.5m r-0.3846 r-0,468.2 r-0,2877 

y-3.8001~18,6667 y-2.233~13.2501 y-1,0334-3.~ y-0.6421»-1.8333 Y-().4.¥-2.0001 

Outropoda r-0.3421. r-0.4572 r-o.4211 r-0.5201 ...o.zgg3 
y-3,7290x+8,9544 y-1.6585x+4,2458 Y•1,2488x+2.9408 y-o.8042x+1,8209 y-0. 6x+0,8315 

z-.0,6532 .r--0,4520 .r--0, 2452 1'-0.4184 r--0.0421 
M1aoall.aneoua y--0 ,8422x+7. 5423 ,__o,7284x+5,0169 y-1,0451x+0.2867 
group y--5,1694:><+25.8644 y..-3,0569x+1).1864 



11 L. 

v. Population density of ovigerous female versus 

i) Physico-chemical variables: Rainfall, water temperature, 

rate of water flow~ turbidity, dissolved oxygen, silicate, 

phosphate-phosphorous,~trate-nitrogen, magnessium, and 

chloride content have shown significantly positive correlation~ 

Specific conductivity also resulted negatively significant 

r-values at A1 and A2 .(Table 13-15). Correlations with \'later 

transparency, sodium, potassium, iron and oxidisable organic 

matter content resulted significantly negative, and at the 

station A3, 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 P:otozoa resulted significantly negative 

r-values (Table 13-15). 

M. HENDERSONI ~ACHARENSIS -
I. Total density versus 

i) Physico-chemical variables: Rainfall, water temperature~ 

turbidity, dissolved oxygen and chloride concentration have 

shown positively significant correlations while correlations 

with water transparency, total alkalinity, sodium, potassium, 

iron, oxidisable organic matter content resulted into signifi­

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



ii) Biotic· variables: Total phytoplankton, zooplankton 

and benthic organisms have shown significantly positive 

correlations and also categorically Myxophyta, Chlorophyta, 

Chrysophyta, Baccillariophyta, Rotifera, Ostracoda, Copepoda, 

Nematoda, Oligochaeta, Decapoda, Insecta and Gastropoda group. 

II. Population density (size group, 20.0- 40.0 mm) versus 

i) Physico-chemical variables: Water temperature, turbi­

dity, and dissolved oxygen exhibited significantly positive 

correlations while sodium, potassium, iron and oxidisaQle 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, 

Baccillariqphyta, Rotifer~, Ostracoda, Copepoda, Insecta 

resulted significantly positive r-values while Rhodophyta and 

alpO Miscellaneous group resulted into negatively significant 

r-values (Table 16-18). 

III. Population density (size group, 40.1 - 50.0 mrn) versus 

i) . Physico-chemical variables: Rainfall, water temperature. 

rate of water flow, turbidity, dissolved oxygen, specific 

condutl:tivity, silicate phosphB.te-phosphorous and chloride 

concentration exh.itlited significantly positive correlation. 

Nitrate-nitrogen showed its positively significant correlation 

(r ~ 0.4805) at the station B3• Correlations with water 



Tablo ~61 Correlation co-a!:C1c1ents (r) and regression equations {y) o! I·hcroyrnch.!,\1!! h,!!ll,dgrQ.OI\1 cach,arensia 
(Tiwari) population versua varioun ecological parameters at Station a 1 (PoJlBt:l.tn« Strolllll) 

Paralloter. 
{x) 

Rain! all 

Vater taoporature 

Transparonoy 

Rata o! Yatar flov 

Turb1d.l.ty 

Diaaolvod axyg~ 

pK 

Carbon d.1ox1de. · 

. Spac1!1o 
conduct1.V1 ty 

Total ol.kollni ty 

S1Uoato 

Phosphllto 
phosphorus 
Nitreto n1troa~ 

Ammon1 a. n1 trogan 

Calcium 

MagneaiUII 

Cblorida 

Sod.1um 

PotaaaiUII 

Iron 

Ox1d1aable organio 
matter.· 

Total dons! ty 
(y) 

r-0.484:1 
y-0.050~28.0878 

r-0.611l 
r-2.641•~26.7763 

r-0.5676 
y--0.6297x+57.2281 
r-0.2227 
y-0.4919x+10.0669 
r-0.54, 
y-0.6216~29.3980 

r-0.5007 
y-7.9765~29.3980 

r-0.3:!!>2 
y-18.3G45x-B1.1194 
r-0.}486 
y--11.G026x+84.7965 
r-0.2060 
y-0.4201x+15. 726"1 

. r-0.4697 
y--1.260~68.2395 

r-0.3~02 
y-1 1 .Oi•OSho-0.8452 
r-0.2481 
y-20.6321x+13.4573 
r-0. 1296 
y-16.0990x+44.8671 
r-<>.0071 
y-1.0742x+35.5730· 
r--0.2720 
y--6.2043x+16.3840 
ro-0.0101 
yoo0.7761x+36.9926 
r-0.5524 
Y•36.0906x+8.5687 
r-0.4206 
y--17.2000x+77.7334 
r-0.3911 
y--16.0226x+18.0956 
r-0.5651 
y--20.53~•x+59.87 

r-0.7034 
y--7.739~~84.9710 

Total phytopl~n r-0.6~24 
y-0.0442x+18.9827 

Myxopbyoeae 

Cbloropbyoeae 

Dinopbyoaae 

Rbodopbyo~>ae 

Baocilloriopbyo .. e 

Total zooplallkton 

Protoz:oa 

Roti!ara 

Oatraooda 

Copepoda 

Cl.d.c 

Total . ~tb.io 
organ! am. 
N"""'toda 

OUgoohaeta 

Decapoda 

Insecta 

Gastropoda 

M1acallan1o0ua 
group 

ro-0-5902 
y-1.0021>~10.6430 

ro-0.5142 
yoo0.1~•5x+11.3916 

r-0.3940 
Y--'•.0341><"46.9617 
r-0.5205 
y-6.0020Kr12.5229 
rw-0.57C2 
Y--2.5169x+40.8951 
r-0.4rl72. 
y.5.016ZX+14.5858 
r-<>.49G~ 
y-2.7397x+7.7331 
r--0.1299 
Y--Q.5014x+45.7843 
r-0.4652 
y-1.6549+10.3264 

r-0.5645 
y-1 .65'•9x+1 1.3124 
r-0.4524 
y-0 0 01 7Ux+2o 7734 
r-0.3264 
y.2.8404x--26.6877 
r-0.4949 
yoo0.6554x+15.2862· 
r-0.5291 
y-2.2025~9.2187 

r-0.4990 
y-1.5372x+10.9861 
ro-O. 7369 
y-1.0330~10.7793 

r-0.4Q06 ' 
y.0.4534x+8.9046 
ro-0.4552 
y-3.8126x+19.3929 
r-0.4232 
y--2.4776x+48.7320 

r-O.,S92 
y-0.0312x+10.3975 
r-O.S:U3 
y-1 .471510-20.6689 
r-0.2230 
yoo0.0(22x+7.5233 
r--0. 0 ;:;co 
Y--Q.M70x+1 7.4177 
.-o.n29 
y-0.4009x+2. 7014 
r-0.4763 
y-4.0Z06>o-18.4031 
r-0.2052 
y-9.710~47.2312 

r-0.4203 
y--9.9200x+55.4557 
r-0.0049 
y-0.0073x+14.4639 
r-0.3110 
y--0.~651x+28.7479 

r-0.3205 
y-7.21~~7.~95 

r-0.10)7 
y-14.0~06x+3.6865 

r-0.11XJ.'J 
y--17.0001x+23.6580 
r-0.12::>9 
y--1 1 ·'~•34x+23.4540 
r--0.2031 
y--3.031 1x+30.6461 
r--0.00~4 
y--2.4488x+19.3676 
r-0.3W9 
y-21.2004x-7.9022 
r--0.4521 
y--12.2392x+44.9214 
r-0.4)22 
y--12.7775x+46.8836 
r--0.5242 
y--11.8196x+28.3864 
r-0.0629 
y--6.2343x.+ 5.4.26~ 
r-0.6056 
y-0.0506~5;8947 

r-0.6407. 
y-O.TJ09~9.4932 

r-0.5~6 
y-0.00~3~1.6552 

r-0.0417 
y-D.11'19x+13.9389 
r-0.7677 
y-0.31C0x+0.4713 
.--0.4901 
y--1.6S32x+18.3609 
ru0.5~91 
y-0.3021~7.6216 

r-0;533::0 
y-0.65~6~17.6351 

r-0.0000 
y-0.0019x+14.7858 
r-0.6664 
y-2.3019~10.6792 

r-0.4573 
y-5.5140x+0.5887 
r-0.67813 
y-1.9591x+1. 1190 
r-0.4239 
y-3.8876~5.2528 

r-0.38'•7 
y-0.7640x+2.0358 
r-0•3954 
y-2.8709x+4.7849 
r-0.3018 
Y•3.5714x+11.8571 
r-0.4935 
Y•3.6563x+1.7312 
r-0.6456 
y-5.2989~12.9863 

r-0.3162 
y-4.2807x+8.0561 
r-0.4527 
~.4625x+20.7251 

r-0.4652 
y-D.011Bx+10.3302 
r-0.5497 
y-0.4778x+4.7509 
r--0.4651 
y--0.0911x+15.034' 
r-0.5623 
y-0.1302x+4.9i31 
r-0.4522 
y-0.0926x+9.2!J22 
ro-0.6o94 
y-1.8567x-3.3101 
r-0.2965 
y-6.1029><-27.0076 
r-0.2158 
y-2.7064x+23.0739 
r-0.4724 
y-0.0779x+8.1007 
r--0.4546 
y--0.1303x+15.2093 
r-0.4933 
y-3.4105x+1.4158 
r-0,4685 
y-O.B740x+4.9599 
r-0,31 71 
y-9.0512x+7.3234 
r-0.0067 
y-O. 1822x+11.B642 
r--0.3551 
y--1.5138x+18.2483 
r-0. 1571 
y•1 .4022x+9.3965 
r-0.4917 
y-7.9628x+5.7358 
r-0.4525 
y-- 3.8579x+21 .481>1 
r--0. 3735 
y-3.4774x+20.7226 
r--0.5645 
y--4.007x+16.5921 
r--0.4518 
y--0.}226x+14,0408 
r-0.4927 
y-D·0151x+6.Go98 

r-0.4768 
y-0. 161 7x+7.0123 
r-0.5931 
y-O. 1834x+8.4,537 
r-0.5433 
y-D.4831x+8.3363 
r-0.4942 
y-0.0643x+9.6768 
r-0.0470 
y-D.05115x+11.8934 
r-0.6521 
~· 1 109x+3. 7521 
r-0.4847 
y-D.1355x+5.2587 
r-0.0447 
y-0.0359x+11.1458. 
r-0.4834 
y•0.5258x+6.1716 

ro-0.5787 
y-2.4673x--5.6262 
r-0.4877 
y-0.3979x+9.2142 
:.-o.o2aa 
y-0.0674x+11.6516 
r-0.6323 
y-0.4261x+5.3233 
r-0.479? 
y-1.0967x+11.0763 
r-0.4870 
y-1.6285x+10,6428 
r-0.5057 
y-1.4801x+6.6960 
r-0.5584 
y-1 .4433x+4.4226 
r-0.6578 
y-2.8037x+7.5607 
r-0.2616 
y-1.0076x+11.0763 

r-a.oo;:;5 
y--O.OU13x+9.6667 
r-0.4021 
Y-(>.5429~3.4323 

r--0.5548 
_y--0.3946x+27.9897 
r-0. 1130 
y-0.0011x+5.2682 
r--0.30\4 
y--0.0971x+12.8956 
ro-0.4854 
y-1 ,4261x+0.4026 
ro-O. 1060 
yooO. 1656x+20.2501 
r--0.1746 
y--0.59G2x+10.2429 
r-0.1121 
y-0.0421x+9.2782 
r-0.01+29 
y-a.o46Zx+11.4429 
r-0.3422 
y-4.2674~.6426 

r-0.0042 
~0.6422x+37.4224 

r-0.2704 
y-5.4262x+S.3527 
r--0.21•26 
y--4. 2'•23x+7,4632 
r-0.0246 
y-0.0452x+0.4231 
r--0.1764 
y--O.Oi>62x+14.1026 
r-0.2627 
y-1.4526x+7.2342 
r--0.2674 
y--0.9045x+14.7229 
r-0.1674 
y--0.0149x+15.2321 
r--0.2232 
y--0.4265x+11.2942 
r--0. 1467 
y--1.4232x+17.0427 
r-0. 1124 
-y-0.0456x+10.2319 

r-0.2346 
yoo0.27'•9x+ 14.2361 
r-0.5122 
y-0.01+51x+14.2264 
r-0.1 104 
y- 1.6741x+7.2267 
r-0. 16"0 
Y"'0.4262::o>10.2324 
r--0.1122 
;t-0.0094:<+17.4264 
r-0.4942 
y-0. 0042:<-4. 2237 
r-0.0942 
y-0.623><+11.3242 
r-0.0782 
y--O.Ou27x+17.4255 
r-0.3322 
y-D.1421x+7.4236 

.r-0.4624 
y-1.664~~7.9144 

r-0. 1136 
y-0.0452x+12,3266 
r-0.2112 
y-3.2411•9.2468 
r-0.4642 
yooO. 1554x+7. 7742 
r-0.46:51> 
y-3.2421x+11.2466 
r-0.4422 
y-1.3212x+7.4215 
r-0.4206 
y-0.5024x+5.6725 
ro-0.6670 
y-0.9456x+2.5627 
r-0. 1527 
yoo0.3740x+9.94,6' 
r-0.0524 
y-0.0452x+11.~24-

Ovit~aroua 
~y) 

r-0.567i 
y-o.ooa~x•0.7085 

r-0.0426 
y-0,4340x-8.5542 
r--0.6501 
y--0.0063x+4.7936 
r-0.1.923 
y-o.v566x-1~140<: 

r-0.5516 
y-0,0735~0.2636 

r-0.5182 
y-0.9301>o-5. 7418 
r-0.0481, 
y-1.129~-5.3021 

r-0.0401 
y-O. 154 7x+ 1. 283'6' 
r-0.6993 
y-0, 1967x-7.9323 
r-0.6296 
y--0.2136x+7.1747 
r-0. 7504 
y-}.0752x-7.6267 
r-0.7104 
y-10.1363x-6.1264 
r-0.5246 
y-8.8324x-2.6472 
r-0.2765 
y--4.7652x>1.6731 
r--0.5473 
y--1.3829x+7.6246 
r-0.5934 
y-3.1758x-3.9640 
r-0.4892 
y-4.4710x-1.37ti9 
r--0.8294 
~0.4191x+12.J.186 

z--0. 7748 
y--4. 2755x+ 12.b'•1 1 
r--0. 7522 
y--}.1654x+5..5463 
r--0.4565 
y-o. 1301x+2. 7400 
r-0.6089 
y-0.01 12x•1.9729 

r-0.6540 
y-D,1504x-2.7221 
r-0.5361 
y-0.0148x-0.9491 
r-0. 7i339 
y-0.4091x-1. 1515 
r-0.5682 
y-0.0551~.068, 

r--0. 1349 
y--0.0071x+2.0979 
=-<>.1943 
y-a.oao1x-4.0379 
r-0.5822 
y-0.1215~4.1295 

r-o. 1906 
y-0.0909x-0.2424 
r-0. 7599 
y-0,4089x-3.5136 
r-0.3610 
y-0.9626x-0.5702 
r-0.6532 
y-0.3520x-0.5476 
r-0.1176 
y--o. 1629><"2. 7584 
r-0.9521 
y-0. 3803x-4.0425 
r-0.3~77 
y-0.8167x+1.1679 
r-0.8084 
"y-1 .4581x-3.308' 
r-0.8406 
y-1.6581~3.6083 

r-0.6796 
y-1.0412x-3.J498 
r-0.6917 
y-1. 7476x-0.8504 
r-0.3'j77 
y-O.S167x+1.1679 



Tabla 17t CorraleUon oo-o:t:Uoi..dts (r) and ro:.;roaaion equatio:>a (y) ot t!A£.roprr0cti.1ua ngndcr'l9B1 0 o:,ohgrenll1a 
(Tiwari) population versus vorioua o<>ologicsl parameter a at Station Dl {Polll!tune Strorun) 

Parameter 
(x) 

Rain! all 

Totnl donoJ. ty 
(y) 

r-0,4702 r-0.2714 
y-0,0651x+}4,4~2 y-0,019}x+9,5071 

Size groupt 

r-0.5000 
y•0.0297x+15.1146 

r--0.0912 
y..-Q,0013x+10,,516 

Water taaporatura r-0.6~03 
y-3.l7~6~31.00J5 

r-0.4923 
y•1,2489x-16,4642 

.... o. 7696 
Y•1.6196x-18.3778 

r-0,4056 
y-o,0028x+10,1016 

Transparonoy r--0.5769 
y.-0,762lx+67,6l25 

r-o. 2739 
y-0,0}96x+8.9673 

~:-0,6664 
y--0.4016x+31.4741 

z--0.5621 
y--0,4063x+24,6165 

Rata o! wntCU" r-0.3247 r-0. 1876 
y-0,2682x-1.9903 

r-0.5221 r-0,0719 
y-0,0205x+9.0683 !low y-0,7776x+t,5008 y-o. t425x+4, 7242 

Turb1d1 ty r-0.56!l8 r-0.5260 
y-0.2}69x+3,8952 

r-0.6447 
y-0.3205x+9.8101 

r--0.2049 
y--0,0245~10,8964 

Dieaolvad. oxyg<m 

pH 

C arbor>-<U.ox1da 

Spec1!1o 
conductivity 
Total 
&l.l<Rlin.l ty 
Silicate 

Phoaphatct­
phospnoruiJ 
N.ltrat­
n1trogan 

.,.,., n1 a-nitro gan 

Calci\D 

Kagnaa.I.UIIl 

Sod1UIIl 

PotaeoilD 

Iron 

Ox1d.leable 
organic matt&l' 

Total 
phytoplankton 
Kyxopnycoao 

Cnlorophycoaa 

Oinophyooae 

Ctiryaopbyooao 

.8acc1llariopby­
ceaa 

Total 
zooplankton 
Protozoa 

Roti!ora 

Ostracoda 

Copepocia 

Cladocara 

Total Banth.to 
organism 
NQIDatoda 

Decapod.& 

Inee<.ta 

Caatropodo. 

MiaoellanooUJ> 
group 

y-0,6967x+22.2276 
r-0,6J22 r-0.5839 
y-11,7314~59,2276 y-5.8620x-38,8173 
r-0.2173 r-0.3024 
y-14,0699X-56,3390 y-10,0428x-55.2886 
r-0.0533 r-0. 13052 
y--0,16Gox+49.9385 y--4.8227x+30,3423 
...0.4000 r-0.2323 
y-D.8007x+11.0219 y-0.2193x+3.5816 
~0.5418 r•-0.3291 
Y--1.2907x+32,0028 y•-0.3721x+23.3918 
z-0.1~49 r-0. 1509 
y-8.0990x+17.2238 y-4.1012x-1.2903 
r-0.3J07 r-0.3050 
y-o40,0002x+16,5044 y•17.5}61x-0.3949 

r-0.5709 
y-4,6390~21.0051 

r-0,0686 
y•1,9000x+6.5398 
r-0.3173 
y-o4,180lx+,,72'9 
z-0.6685 
y-0.5276~1. 7319 
r-0.7956 
y--0.7518x+41.8123 
r-0.5155 
y-7.2901~4.4206 

z-0,4565 
y•20,8574x+4,1769 

r-0,1647 r-0.0023 .,..0,279'l 
y-14.9210x+37.7640 y-0,1451x+12,2624 y•14.7299x+12.1401 
r-0,0)24 r--0.1912 r--0,1657 
y-18, 1946x+,0,2930 y•-18, 7154x+26,'D'a y-13.5276x+9,3791 
r--0.4200 r•-0.1918 r-0.4117 
y--7,1o49x+79,6896 y--6.8614x+40,3793 Y--12.2809x+69.,1~ 
r-0,0569 z--0. 1753 r-0.3321 
y-2.41U7x+38,9169 y--4.5}64x+21,3911 y-8,2454x+2.8699 
r-0.5150 r-0,4326 r-0,6040 
y-52,00G6x+4,7318 y•19.1831x-2,2139 y-22.3664x+2,4094 
z--0.7142 r--0.8971 r--0.6304 
y.-26. 4054x+'127.04a> y--1 7 ,4321x+68.5619 y.-10. 3448x+52.6954 

r-0,4758 
y.0,1405x+8,8744 
r-0.0407 
y--0,2714x+11.9942 
r--0. 1843 
y- 0,503'•x+12.3453 
z--0.1332 
y--0,0251x+11,1687 
r-0,0379 
y-0,0006x+9.9076 
z--0,0013 
y--0,0075x+10,4129 
r--0,1609 
y--1 ,0)37x+1 1.5122 
r-0,0022 
y-0,2B34x+10,0276 
r-0,0018 
y-1 .5'136,..9.0021 
r-0,0104 
y-0,0746x+9,8618 
..-0.1070 
y--0.9697x+1:1.. 10.29 
.... 0.1690 
y-1.5023x+9,0274 
r-0,1432 
y-0,557Gx+O, 3684 

,__·o.5Ga1 r--0.5956 r--0,6792 r-0,1301 
Y--27. 1994x+130 .~1 y--14. 0264x+58.4451 y--13. 3369x+63. 1785 y-0,6141x+8,•1479 
r--0.5292 r--0.4547 z--0,6439 r-OJ442 
y.-22,0039x+'69, 1919 y--0,035lx+22, 7991 y.-10,0061x+31.8}43 y..0,5057x+9.4940 
r-0.6410 r--0.6583 roo-0,4673 r-0,}(~2 
y--8,0040x+92.7913 ·y--5.4252x44,9979 y--2.3576x+33.5283 y-0,4613x+7.389 
r-0.6306 
y-0.1058x+5.5437 
z-0.6876 
y-1.4676~2.'}396 

r-0.5:)44 
y-0,1)71x+16,4006 
z-0,,39 
y-1 .5)51x+31.2749 
r-0,7143 
y-0,6415x+19.7674 
r--0.3006 
y-- 1 .o4 72.><+46. 7651 
r-0,6047 
y•1. 171 1»-1!lo3456 
r-0,0196 
y.0,0069~40,8525 

r-0.7437 
y.4,4406x-6.3083 
r-0.5243 
y-12.2097x+11.1682 
z-0.6542 
y-0.3270x+20,0238 
r--0.3700 
y-.4.5408x+18.6989 
r-0.6009 
y-2. 0400x+8, 90'1 
r-0.5317 
y-6.2903x+18.2482 
r-0.4552 
y-9.3286x+35.142B 
r-0.6504 
y-a.8057x+5.1523 
r-0.8113 
y-1 1 .9264»-20.6912 
r-0.4070 
y-10,4375x+28.9998 
r-0.2750 
y--4,8125x+47.7292 

r•0.5389 r-0,7448 
y-0,0484x-5.0178 y-0,05341x+0,4707 
r•0.5922 r-0,8008 
y•0.6476x-7,63G1 y-0,7304~3.1873 

r-0.5239 r-0.5927 
y-0.0689x-0,9857 y-0,0649x+6.7677 
r-0,0279 r--0.6438 
y•-0.0699x+12.8637 y-1.3452x+9.1317 
r-o. 7407 
y-o. 3409x+0,0031 

r-0,6879 
y-0.2641x+9.8049 

r--0.5297 r-0,0552 
y--1.6230x+15. 7163 y.-0.·1412x+19.6<!75 
r-0.5646 r-0,6188 
y•O.S604x-15.5457 y-0.5121»-6.1463 
r--0,0017 r-0,0591 
y--0,0039x+12.4262 y-0,1118x+16.6759 
1~0.6806 
y-2.0864x-10.7912 
r-0.4637 
y-5.5700~2.0561 

r-0,6485 
y-1. 7107x+0.5011 
1'-0.4032 
y-2.5306~1.1632 

r-0.,292 
y-0.5729x+2. 78}4 
r-0.2469 
y-1.4988x+6.46,0 
z-0.2258 
y-2. 3714x+ 10,3571 
1-0.4972 
y-2.7809x+0,5142 
r-0.6480 
y-4.8823~13.7058 

r-0. 7579 
y-1 .83}~0.6796 
r-0.5210 
y-2.7452x+6.2341 
r-0.6638 
y•1.4184x+9.4047 
r-0.}432 
y-1 .7959x+9. 7551 
1"'0,8263 
y-1.1994~0.6562 

r-o.m1 
y-3.9332x+3.9284 
r-0.6819 
y-5.9714x+14.3~71 

r-0.8483 
y-5.9714x+14.3571 
r-0,8482 
y-4.9524x-1.7143 

r-0.4239 r-0.5903 
y-4,6562x+6,1250 y-5.4063x+14.1250 
r--0.4878 r-0.0084 
y-4.3750x+16,7083 y-0,0625x+19.2708 

r-0, 1295 
y-o.0022x+10,9549 
r-0,2361 
y-0,0517x+11.7623 
r-0,461•6 
y-0,0005x+11,8207 
r-0,2172 
y-0,1075x+9.3418 
r-0.2949 
y--0,0272x+11.1480 
r-0. 1803 
y-O. 1 156x+9. 9257 
r-0, 1289 
y-0,0256x+11.4425 
r--0,0132 
yo.-0,0006x+10.3090 
r--0, 1684 
y--0,1035x+11.3134 
r-0.4652 
y-0,5421x+B,7664 
z'-.-0. 1292 
y.-0,0663x+10.6309 . 
r-0.2353 
y--0,2959x+11.7448 
.r-0,4095 
y-0,0487x+9.3556 
r-0.4536 
y-0,0191x+10,0952 
r-0,0135 
y-0,0286x+10.1428 
r-0.0676 
y-0.0954x+9.7619 
r-0.4981 
y-0.6764x+6.5588 
r-0,1987 
y.-0.4375x+10.7499 
ro-O. 1739 
y-0.3125x+9.8542 

Ovigerous 
(y) 

r--0,0644 
y•O,OG42x+0,4627 
r-0,0124 
y-0,3527x-5.2437 
r--0,8426 
y--0,0745x+3,4639 
r-0,6527 
y-0, 094~ 1. ,27 
r-0.7423 
y-0,}427~3.2~2 

r-0.5427 
y•0,8427x-4.2452 
,..o. 1244 
y-O. 3142x-6. 4234 
r-0,1144 
y-0. 1754x-1.8457 
r-0,6274 
y-0, 1 142~2.5674 
r--0.8842 
y--0,1574x+5,2647 
r-0.7452 
y-2,3543x-6.2475 
r-0,6427 
y-0,2747x-3.2071 
r-0.6144 
y-7,4567x-3.4471 
r--0,2427 
y-4.2752x+1,5232 
r--0,4252 
Y--1.2437x+6.3421 
r-0.5565 
y-3.25J5~3. ~.25 

r-0,4562 
y-.4.3272x+1.5127 
r--0,9245 
y--0,5147x+11.5243 
·....-o. 7427 
y--5,3Z41x+9.2546 
r--0.6845 
Y--3.241 7x+6.2431 
r--0,4451 
y--0,1502x+3,4251 
r-0.5042 
y-0,01142x-1,7423 
r-0.6451 
y-0.1321~2.4526 

...0.5327 
y-0,0452~0.9789 

p0,5271 
y-0,4152x-0.5174 
r-0.6421 
y-0.2542~0.2040 

c--0,1021 
y--0,0741x+2,041a 
r-0,6412 
y-0,1415~3.4567 

r-0, 1452 
y-0.0042~0 •. 2541 
...0.7241 
y-0,4521x-0.4157 
r-0,3942 
y-0, 7457»-0, 3127 
r:.o.5576 
y-0,4274x-0.4527 
r-0.2054 
y-0.215~1.23'2 

r-0.8121 
y-0.3741~4.0421 

r-0,6144 
y-0.5241x+ 1.,27'1< 
r-0.7142 
y-1.3546~3.4137 

r-0,0507 
y-2.1041~2.4127 

r--0,6671 
y-0,8147x-2.4272 
r-0,6142 
y-1.2412lo-0.9127 
r-0,4024 
y-0,2417x-1.14~ 



Table 16& Corrolat1on oo-e!fic1enta (r) and real"'lauion eqw.ot1ons (y) o! Hacri'obrpc~l.lll Mnderoon1 Ofl()hpronoia (Tiwari) 

population vorsua ~orioua acolog1oal pnr<Pater• at Station B_; (Po~ Stre<=) 

Parametor 
(x) 

Rain! all 

Vater temperature 

Transparency 

Rate o! water 
nov 
Tur'bJ.d.1 ty 

01811olved. oxygen 

pH 

Cabon dioxide 

Spac1!1c. 
conduot1v1ty 

Total. alkalln1 ~ 

Silicate 

Pbosphate 
p bo sp ho l'la 

N1 trate n1 trogan 

Ammonia nitrogen 

Calcium 

Cblor1c1e 

I 
i i 

Total, c!Gnai. ty 
(y) 

.r-0.4571 
y-0.0753x+37.~ 

.r-0.6819 
y-3.9499~3.3635 

r-0.5758 
y--0.918Bx+76.227J 
.r-0.3399 
y-0.9065»-10.4034 
.r-Ow'5481 . 
y-0.6016x+25.513' 
r-0.61!54 
y-14.265~78.1027 

.r-0.0628 
y.4.4420x+16.4726 
r--0.0081 
~3.3703x+60.71B9 

r-0.4289 
y-1.1629~.021, 

r-0.5259. 
~1.4305x+91.3728 

r-0.3793 
y-18.4566»-17.0381 
r-0.3597 
y.4Q.Og02x+14.5944 
....o. 1047 
y-1 1. 9213x+37. 7010 
r-0.0921 
y-18.1916x+30.2730 
r--0.4288 
~7. 1719x+79.·5890 
.r-0.0742 
y-4.3023x+39.7506 
r-0.5431 
y-67.6705~5.5255 

20.0..40.0 mm 
_(y) 

r-0.2132 
y-0.0234x+12.1681 
.r-0.5949 
y-2.2209~36.3252 

r--0.0258 
y-0.0052x+11.6539 
r-0.0838 
y-0.4068~10.0961 

.r-0.4802 
y-0.3016x+4.51'2 
r-0.4574 
y-7.0597x-46.97U6 
r-0.0028 
y-0.1354x+14.5887 
r--0.2401 
~0.6361x+38.839' 

r-0.4158 
y-0.6314~10.7960 

r--0.3948 
y--o.6694x+35.6604 
r-0.2057 
y-6.4396x-7.0872 
r-0.2472 
y-19.2034x+0.3773 
r-0. 1018 
y-9.0426x+10.7315 
r--0.2617 
~38.3843x+43.968' 
r--0. 1'704 
~9.0231x+53.141' 

r-0.1256 
~4.4610x+24.8049 

r-0.4332 
y-36.4552x-14.4540 

BocU\.ID r--0.8255 r--0.8885 
~39.2902x+178.7203 ~27.3146x+105.8661 

Potaaaium r--0.5778 r--0.6267 
y--32.407~156.3139'y--22.3907x+94.7028' 

Iron 

Ox1c11aable 
organic matter 

Total phytoplenl<­
ton 
Myxopbyceae 

D1nopbyceae 

Rbodopbyoee~>o 

~0.4820 
~27.4229x+81.0883 

r--0.6448 
~9. 'f990x+ 1 oo. 3738 
r-a. 7242 
y-o.-, 121x+6.4274 
.....0.6532 
y-1.2141»-2.1142 
.r-0.5427 
y-Q.1345x+11.4567 
.r-0.2152 
y-1.4566x+14.5279 
r-0.6845 
y-0.5674x+17.4523 
r--0.2127 
~1.6749x+44.5273 

Bacoilleriopbyceae r-0.·7127 
y-0.745~3.4251 

Total zooplanl<ton r-0.6425 
y-1.1121x-13.2427 

Protozoa 

Rot1!era 

Oatracoda 

Copepoda 

Cl..,c1ocera 

Total Benthic 
organ111111 

Nematoda 

OUgocbaeta 

Inaacta 

Cutropoc1a 

M1scell1U180us 
group 

r-0.1022 
y-0.0942x+42.4567 
r-0.6456 
y-3.3245~7.4232 

....0.5142 
y-11.27'>6x+9.24}:! 
r-0.4867 
y-Q.3143J:+ 11.6742 
.,..0.3843 
y-3,5617x+19.24'1 
r-0.6224 
y-2~0546x+8.4252 

r-0.5421 
y-5.4672x+15.4232 
....0.4926 
Y-7.356~32.4254 

r-o. 7145 
y-7.7456x+6,24!S2 
r-0.8456 
y-10.562x+24.5645 
r-0.4654 
y-11.3261x+25.2487 
r-0.3219 
~3.2421x+45.82?2 

r--0.4620 
y•14.2620x+32.2460 
r--0. 7559 
y--7.4387x+60.4115 
r-0.5226 
y-0.0694x-9.0212 
r-0.5893 
y•0.9956x-15.199' 
r-0.4885 
y-0.0992x-3.6861 
r-0.1216 
y-0.4709x+11.92D8 
r-0. 7024 
y.0.4995x-2.5241 
r--0.4587 
y-2. 1 nax+::.a.o21i.7 
r-0.4524 
y-0.3469x-11.0721 
r-0.5824 
y-o.8930x-2B.9274 
r-0.0969 
y-0.0339x+14.6933 
r-0.7410 
y-3.509x-23.3962 
r-0.5106 
y•9.4766~.981' 

r-0.6214 
'y-2.459~1.7143 

r-0.3504 
y-3.3979x-2.6224 
r-0.3527 
y-1.2174x-4.1904 
r-0.3985 
y.3.7375x+O.B616 
....0.3381 
y-5.485 1""10.9Z8J 
r-0.5335 
y-5.7714~9.0285 

• r-0. 7237 
y-8.1443x-27.2577 
r--0.2927 
y--1. 1620x+20.a449' 
r-0.4511 
~6.2500xt'21. 7500 

Size group& 

r-0.5045 
y-0.0295x+16.4723 
r-0. T752 
y-1.5386~15.2491 

r--0.6645 
y--0.3991x+32.2975 
r-0.6507 
y-o.4959x-10.5376 
r-0.6017 
y-o.2242x+12.4985 
r-0.6426 
y-5.2754~26.0206 

r-0.0861 
~2.2312x+35.6806 

.r-0.3121 
Y-4.39139x+4.5189 
a-0. 7905 
y-0.5579~2.5664 

r-0.7694 
~o. 6939x+4.1 .5668 
r-0.6134 
y-10.2104~15.1462 

.r-0.5164 
y-21.3349x+).B654 
r-0.4805 
y-22.7008x+B.7109 
r--0,0012 
~0.0933x+20.7359 

r--0.4365 
~12.5787x+73. 1411 
.r-0.2726 
y-5. 1507x+9.9230 
r-0.6220 
y-24. 9588x+O. 1592 
r--0.6601 
~10.7925x+56.3718 

r--0.6573 
~12.4909x+63.1776 

r-0.7059 
y--1 1.5900x+34.2752 
r-0.4509 
y--2.360lx+34.9153 
r-0. 7645 
;r-o. 0540x+ 1. 5882 
r-0.7681 
y-0.6863x-Q.4972 
r-0.6391 
y-0.0691x+7.3173 
r-0.6194 
y-1 .2753x+ 10.9956 
r-0.6902 
y-0.2610x+11.2471 
r--0.0802 
~.2021x+21.0816 

r-a. 7965 
y-0.3249x-4.2161 
r-0.6214 
y-0.5067x-4.5463. 
r-0.0729 
y-0.135Bx+17.4398 
a-0. 7723 
y-1.9452x-O.B929 
r-0.4923 
y-4.8598x+8.1121 
r-0.6665 
y-1.4031x+10.8452 
r-0.2572 
y-1.3265x+13.591B 
r-0.8112 
y-1. 1601x+1.3312 
r-0.7387 
y-3.6849x+6.2338. 
r-0.6787 
y-5.8517x+15.7857 
r-0.8212 
y-4. 7238x+0.590' 
r-0.7854 
y-4.7010~.0137 

r-0.6372 
y-5.7521x+12.9984 
r-().085 
y-.-a.0625x+20.7292 

i 50.1-70.0 mm 
(y) . 

~.112'. 
yw0.0023x+11.1785 
r-0.4879 
y-O. 1272x+8.5:506 
r-0.5448 
~.6164x+33.4288 

r-0.2361 
yoo0.0613x+7.6396 
r-a. 1393 
y-o.0170x+10.8525 
.r-0.4628 
y-1.2955x+0.0341 
r-0.3673 
Y-1.2657x+3.303' 
r-o.20::54 
~.9778x+15.0092 

r-0. 1090 
y-0.0262x+10.4076 
.-.o. 1198 
y--0.367x+12.6082 
r-0.3739 
y-2. 1221x+4.0566 
r-0.0369 
y-0.5206x+41.0906 
r-0. 1467 
Y-2.3634x+10.2552 
r--0.2028 
~5.3934x+7.4~ 

r--0.0589 
~0.566Lx+13.B621 

r--0. 1553 
y-1.0071x+13.5872 
r-0.3153 
y-4.347Dx+7.91'0 
r-0.2566 

. ~1.431 1x+16.23,1 
r-0.1070 
y--0.6904x+13.8769 
i-0.1455 
y-0.8145x12.4563 
r--0.0967 
~0.7726x+12.5422 

r-0.09'>4 
y-o.0027x+10.6961 
.r-0.2724 
y-0.0827x+8.94BB 
.r-0.5010 
y-o.0006x+11.4870 
r-0.4218 
r-o.9054x+10.8523 

·....0.1500 
y.0.0193x+10.8018 
r--0. 1403 
y--0.1205x+11.7510 
....0.4976 
y-O.u275x+9.mo 
....0.0094 
y-Q.024ax-10.2G22 
.a--0.0974 
y--0.0619x+12o'9712 
r-<>.2338 
y-Q.:.!OOOx+9.2'/38 
r-0.4865 
y-1.401Bx+7.8785 
r-0.0923 
y-o.066.:»c>1 1.0.357 
r-0.0048 
y-0.0764x+10.6692 
.r-0.4676 
y-0,1695x+8.6?42 
....0.4768 
y-3. 0071x+ 10o:50t21 
r-0.4016 
y-1.4261x+9.4086 . 
zo-0.4206 . 
y-0.6667x+8.6671 
r-0. 7375 
y-1.5052x+3.59~9 

r-O. 1218 
.y-a.3751x+10.9998 
r-0.0307 
,_o.0~33x+10.,~33 

Oviseroua 
~y) 

.r-0.7767 
yo-0.0928x+0.4310 
.r-0.8)92 
y-0.340~.1923 

r--0.8029 
~0.0988x+4.6257 

r-0.8328 
y-0.1296x-6.4091 
.r-0.7797 
y-0.0593x-4. 1357 
r-0.6222 
y-1.0434x-7.4844 
r-0.0493 
y-0.2611~7.4157 

r-0.4404 
Y-1.8439~5.0190 

:r-0. 7883 
y-0.1136~2.9828 

r--0.8134 
~0.1498x+6. 26!54 
:r-0.8274 
y-2.8132~.1175 

r-0. 7455 
y-6.2914x-3.2045 
r-0. 7853 
y-7.5783x-2.2412 
r--0.~626 
y--5. '/786x•2.,,a 
.-.o. 7944 
y--4.5709x+20.8183 
r-0.5i29 
y-1.9798x-2.3795 
:r-0. 7853 

.y-7.5783x-2.2412 
r--0.4569 
~0.139~6.j'73 

r--0. 7357 
~2.855x+11.4699 

.a--0.8287 
y-2.7793x+5.0134 
r--0.4522 
~0.2376x+3. 1848 
r-0.7126 
yw0.0102x-1.8825 
r-0.7469 
y-O. 1371x-2.4779 
:r-0.6514 
y-0.01435x-1.0274 
r-0. 7512 
y-0.3159~.6462 

:r-0.6996 
y-0.0541x-0.2004 
r--0. 1668 
~0.0858x+1.9287 

:r-0. 7603 
y-0.0634x-3.1016 
zo-0.6629 
y.o. 1 104x-3. 7439 
.r-0.2336 
y-0. 0889x-0 •. ~16 
:r-0.7712 
y-0.3962x-2.641' 
pO. 3198 
y-0 • 6448x+O. 0841 
pO. 7593 
y-o. 326.5»-0.5357 
.r--0.0581 
~0.0612x+2.0765 

.r-0.9107 
y-0.2661»-2.6348 
r-0.8081 
y-a.~234x-1.4749 

.r-0.8023 
y-1 .4 142x+0.,714 
.r-0.8497 
y-1.176~3.0528 

zo-0.5931 
y-0.7524»-2.2512 
.r-0.8136 
y-1.49~.2496 
r-0.4152 
y-a. 6252x+ 1.1252 



transparency, total :::J.lkalinity,. sodium, potassium, iron and 

oxidisable organic m~tter content resulted into significantly 

negative r-va'iues (Tn.ble 16-18). 

ii) Biotic variables: Total phytoplankton, zooplankton and 

benthic organisms exhibited positively significant correlation.~' 

and more particularly Myxophyta, Chlorophyta, Dinophyta, 

Chrysophyta, Baccallariophyta, Rotifera, Ostracoda, 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 transp~rency was significantly the negative. 

ii) Biotic variabl~s: Although total phytoplankton and 

zooplankton revealed positive correlation but were not signifi­

cant while tot~l benthic organism exhibited a significantly 

positive r-values (Table 16-18). Chlorophyta, Baccillariophyta~ 

Ostracoda, Nematoda and Insecta resulted categorically positive 

significant r-values (Table 16-18). 

v. Population density of ovigerous female versus 

i) Physico-chemical variables: Rainfall, water ternperatur':>. 

rate of waterflow, turbidity, dissolved oxygen, specific 

conductivity, silic;:;.te, phosphrlte-phosphoro.us, nitrate-nitroge'-~­

magnesium and chloride concentration exhibited significantly 

positive correlations ·while. WA.ter transp~rency, tot:::tl alkalini t_ ,, 



sodium, potassium, iron and also exidisable organic matter 

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

ii) Biotic variables: Correlations with total phytoplank­

ton, zooplankton and benthic organisms resulted significantly 

positive r-values and more categorically with Myxophyta, 

Chlorophyta, Dinophyta, Chrysophyta, Baccillariophyta, Roti!era, 

Copepoda, Nematoda, Jligochaeta, Decapoda, Insecta and 

Gastropoda groups. 
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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 interpretation of r:!ats .9.t ~cpulation 

level in lotic system is often a complex task because of the 

multitude of both abiotic and biotic factors which control t[lc 

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 clear cutting of 

forest, followed by burning of the slash and cultivation on 

steep slopes, affects the amount of water passing ~hrough to 

the sub-soil; dissolved substances and particulate 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 wiq~ 

variety of environmental stimuli (Nelson et al., 1977). Xt is -- ..... 

the nature of these physiological responses to environmental 

factors which will determine the biological fitness of 

individuals of a population and which will ultimately define 

the distributional limits of the species. The collective 

enviro1lrneihtai llmit·s· imposed by these responses determine the 

fundamental hiohe of an drgahism1 while the ~n]~p~qtions Of .. ~-;~ ·. 
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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 the 

stream animals are closely related as most taxa select a micro 

habitat by optimizing the complex of local factors determining 

niche while being re$tricted 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 indiffiduals 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 autrors 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 Kuehne, 1969; Hynes, 1970). The general 

climatic condition of Umshing area do show some uniqueness and 

being different in many respect from that of Pongtung area. 

Thus, the vegetational composition is also quite different, 

former being dominated b¥ the conifer, Pinus kesiva and major 

portion of allochthonous input into the stream through leaf 

fall, from the various shrubs and grasses like Eupatorium spp., 

Carex sp., Cy~erus sp., Rotella sp. etc. while later being 

dominated by the broad L=,af, .A.rtocarpus sp., Eugenia sp., Ficus 

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

Quercus sp., Glocl1idion sp., S8.ccharum 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 communi ties 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 confierous vegetation on other plants are well known (Berg 

~ ~., 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 

effected by the altitudinal differ~nce of the study areas 

(Hynes, 1970). 

High rainfall and steep gradient 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 Iv1acrobrachium 
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malcolmsonii. The steep relief of the upper area might have 

been expected to promote more rapid run-o!f 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 (Hoover, 1944; Delfs, 1956; 

Rutter, 1958; Bu~lard, 1965; Binns, 1969; Gray and Edington, 

1969; Bochkov, 1970; Likens~ 21·• 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 

dissolveQ. oxygen and dilution of nutrients to an optimum level., 

This could be attributed to their significant positive rela­

tionship with the prawn population. Sometime, due to heavy 

precipitation, the primary productivity of the lotio system 

decreases and consequently 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 ~· hendersoni caaharensis. As Goswami et 

~· (1983b)reported in~· 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 aquatic 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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slight. The coolin~ effects of_ intense rain and increased 

heat loss to wind in suface layer are quickly d1 ssipated by 
" 

turbulence., Elevation of the mean water temperature of the 

stream by 0.5 - 1.5°C because of surface run~off occurred on 

several occasions, ·when the shmver was short and intense and 

followed a day of sunshine. These increases were transitory 

as losses to the relatively cooler air soon modified their 

effect (Bishop, 1973). The major factors a:f.fecting stream 

temperature by the difference between the warming effects of 

radiation, absorption and the cooling effect of the air 

(Ricker, 1934) and for tropical stream_ in particular, the type 

of substrate ( ii tho logical) and degree of exposure to direct 

sunlight (Geijskes, 1942). This could be attributed to the 

frequently observed higher water temperature than the air 

temperc:tture in ~ongtung stream. 

Each organism has a maximum and a minimum environmental 

temperature between which life is possible but beyond which 

conditions are lethal (Lehmkuhl, 1979) • Even for individual 

EPecies, 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 ~ &·, 1978s Venkatachari and Ambore, 1979). 

I--1acrobrachium rosenbergi-t_ is folilld in habitats of about 25°C in 

M~laya (Johnson, 1967) and from 27 to 34°C in India (John, 

1957; Rao~ 1967). In the present study, for_ tl• hendersoni 

henderso1u, the water temperAture range recorded, is 10 to 19°C 
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while for tl• hendersoni cacharen§!iS is 17 to 32°C •. 

M. henderson! cacharensis revealed a distinct temperature -
dependent situation (Tables 16-18) but in~· henderson! 

henderson!, 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 

~cological set up. Statistically significant correlations of 

the population density with water temperature also reflacts 

their seasonal abundance (Truesdale and Mermilliod, 1979). 

Dugan 21 ~· (1975) reported moulting cycle occurred more 

frequently in Palaemon paucidens at high temperature while 

even increased photo-period did not affect the intermoult 

duration. The reproductive cycle in ~· australiense was found 

to be more sensitive to changes in water temperature than to 

other environmental factors (Lee and Fielder, 1981). 

One of the most obvious and familiar properties of 

water is its transparency. 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 possi.ol.:" 

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 values in Umshing 

and Pontung stream. Light exerts a very profound influence 
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upon a whole series of biological phenomenon in water. Most 

species of ~Iacrobrachium a.re reported to be nocturnal in habits 

(Patwardan, 1937; Ling, 1969), In the present study' it was 

also noted for Ivl. hendersoni henderson! and M. henderson! - -
cacharensis and in fact they also exhibited a significant 

negative 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, gonadal maturations etc. are still in 

progress as Wickens ( 197'l-) while working with E• 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 silt load (Bishop, 1973). The depe~ 

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 tbis is the 

protection given to the soils by plant cover m1d the. 

stabilizing effect of roots and leaf litter. According ~v a 
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time-worn statement, the lotic fatma is composed typically of 

animals whose dissolved oxygen demond is such that it can be 

fulfilled only by the highly oxygenated \vaters of the stream 

(Hynes, 1970). In tl• hendersoni cacharensis, the actively 

breeding populations exhibited significant dependency on the 

rate of water flow which probably reflects their metabolic 

state but in~· hendersoni hende~soni in ~ite of actively 

breeding population, even the total population also shows 

dependency. This could be explained as a process of adaptation 

rather than short 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 just 

positive relationship with total density, juvenile and post 

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

Turbidity is a condition of water resulting from the 

presence of suspended matters. In common parlance, water is 

turbid only when its load of suspended matters is conspicuous, 

but as a matter of fact, all natural water contains suspended 

materials, and, therefore all are turbid #elch, 1952). 

Differences in turb~dity of Umshing and Pongtung streqm could 

be attributed to the gr~omorphology of the stream bed and also 

to the rate of \'.rr.tter flow (Welch, 1952; Bishop, 1373). Douglas 
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(1969) also reported that erosive process which results in 
; 

turbidity takes place in two forms under tropical forest: 

sub- surface flow through ~he 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 dissolve9. loads derived from th.e parent 11 tho logy and 

its soil cap. In addition,, it carries the finer clay particles 

down through the interstitial spaces of the larger sand 

particles. Surface run-off is also ·a factor in the forest and 

becomes increasingly;more important 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 si.zed particle with the release of 

dissolved salts, particularly silica to the ground water arid 

the intense rainfall in short interval loosens and carries 

large suspended load to the mouth part of the Umiam river. 

These high sediment loads affect c;;;hannel capacity in the lOwer· 

courses and more flooding is indicated. Bishop (1973). reported 

for Gombak riv.er that the similar typical situation !night have 

both direct and indirect effects on the faunal composition.· It 

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 special bottom condition 

is made ~table for the actively breeding prawn population~ 

Due to turbidity and rUlming condition of water, the juvenile; 

mature and also the berried pravrr: .. population maintain them­

selves hidden and consequently get rid of predators as well as 
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from the cannibalistic attitude o! tneir post-mature group 

(Ling, 1969; Wickens, 1972), Th;l.s is why, pro'bably, the 

correlation value recorded insignificant and even to tne 

extent of negative with the post-~ature prawn population 

(Tables 13-18) • 

Many animals, notably many invertebrates can live only 

in well-aerated water, but it is not the actual amount of 

dissolved oxygen which matters so much as the percentage 

saturation (Hynes, 1974). Oxygen is not very soluble in 

water, and its solubility depends on the temperature 

(Stephenson and Knight, 1981),,i. In a swift upland stream tne 

movement and turbul~nce 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 flovJ, slope of channel, temperature, 

release by chlorophyll-bearing plants, oxygen consumed in 

respiration of the biota and oxygen consumed in the decay of 

organic deposits on the bottom. These factors also could be 

attributed to the difference in oxygen concentration of Umshing 

and Pongtung streams. Many workers (Berg, 1952; Eriksen, 1964; 

Konstantinov, 1971) investigated the relation of the oxygen 

consumption to the oxygen concentration of the habitat and 

tried to correlate the results to the natural distribution of 

the aquatic animals. Goswami ~ ~· (1983b) reported that the 

most optimum dissolved oxygen level for ~. hen~ersoni 
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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 

~- hendersoni hendersoni in Umshing stream as they are also 

highly dependent on dissolved oxygen concentration (Table 13-15). 

The juvenile of M. hendersoni cacharensis can withstand -
comparatively more fluctuation in the oxygen concentration 

(Goswami ~ !l•, 1983a). 

Each organism has its toleration range of pH terminated 

by a maximum and minimum, and possess an optimum at some 

intermediate position (Welch, .1952). Knowledge concerning the 

limiting effects of pH is in a very unsatis-factory 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 

tl• hendersoni hendersoni and ~. 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 existing 

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 fx•ee 

carbon dioxide 9 alkali:ruty~ 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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~· rosenbergii. Truesdale and Mermilliod (1979) recorded the 

pH rane;e of 6. 20 to 8. 40 for the riverine praltJ!l., tl• ohione. 

In the present study for tl• hendersoni hendersoni the pH range 

of 5.7 to 7.3 and for~. 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.~. hendersopi 

hendersoni varies in the range of 5. 7 to 7 .o and in the case of 

tl• ~isoni 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-calcareous 

rocks, such as sl~tes, or granite, very little calcium is 

present in solution; the water is therefore, soft and may be 

acidic. Acidity occurs particularly where the landscape is 

peaty because the water is quite unbuffered, the acids added 

from the peat are not neutralised and in physico-chemical term 

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 -. 
~. 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 aeciduous trees has great effects in 

accelerating litter break down through increased palatability 
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to the ne~rby soil org~nisms. Tney attributea this effect to 

the removal of polyphenols from the leaves by leaching. Kowal 

(1969) reported the importance of leaching and fungal inhibi­

tion to pine needle decomposition. Rick~r (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 composition in 

the waterbOdy etc. 

Specific conductivity data indicated the ionic condi­

tion of both the str.eams. 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 Likehs ~ ll·, 1970). Slack&,Fel tz 

( 1968) recorded higher conductivity and drop i.n pH as a result 

of increased leachate from fallen leaves. A similar situation 

is noted 8.t the station A1 and B1 which also accounted for higher 

higher conductivity values than remaining respective stations. 

Truesda].e and Mermilliod. (1979) reportec;l the specific 
,, . . I .. - ••. 

conductivity varying in the range of 250.0 to 470.0 pmhos/cm ih 

the natural habitat of the riverine prawn, Macro brachium chione, .. 

In the present study, for ~· hendersoni hendersoni and 

~. hendersoni cacharensis, the conductivity value noted, are 

comparatively low varying in the range of 17.0 to 68.2 ~ho/cm 

(Fig. 15). During the breeding season it varies from 1f8,0 to 

·65.8 ~ho/cm in Umshing stre~ and 40.6 to 62.0 umho/cm in 

Pongtung stre~m and this higher requirement for conductivity in 

comparison to the rest of the year reflected through their 



significantly positive correlations with actively breeding 

populations. At the station A3' a comparatively low conductivity 

values (17.0- 33.2 pmho/cm) during the first annual cycle 

adversely affected the ovigerous population of ~· hender;oni 

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

( Tab 1 e 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 large 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). Tbis could be attributed to the higher alkalinity values 

Johanson (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 be ·dependent on silica concentrations. The data on 

alkalinity show considerable 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, 195Li'J 

and the Sai Buri River (Kobayashi, 1959). Total alkalinity of 

the medium has shown highly negative role in terms of pravm 

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 mobility 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. 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 streP4ns could be attributed to the 

lithological differences (Wang and Evans, 1969) and ~off 

(Dauglas, 1969). Hobbs and Hall Jr. (1974) explained the role 

of silica and siltation in Procambarus acutissimus and 

established their positive relationship although some earlier 

workers thought of their detrimental status. Data of the 

present study reveal thA.t silicate plays a significant positive 

role for the actively breeding prawn population. Probably, 

silica plays some important role in their breeding physiology •. 

The low phosphate-phosphorous values reveals that the' 

most free phosphate was quickly taken up by the expanded roo~ · 

to the macro-vegetation of the bank side ~Kemp, 1968) aqd by the 

aquatic macrophytes as well as algal crop. In addition. it also 



136 

reflects the allochthonous inout (Andrev-1s and Minsnall, 1979) • The .. 
role of phosphate-phosphorous in limnological study is well 

documented (Stewart and Rohlich, 1967; Vollenweider, 1968; 

Shanon and Brezonick; 1972; Golterman, 1975). The runount 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 posltive correlation of 

prawn population and phosphate-phosphorous could be an indirect 

net work of 'prawn populatj.on and phytoplankton relationship 1 

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 origin. The phenomenon is emphasized by 

the fact that dead organic matter decomposes in water to forni 

complex protein that get converted to nitrogenous organic matter 

and finally into nitrates by bacterial activity (Z~£er, 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 coznsiderable development of blue green r.tlgae 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 Onle, 1964) 

but speci~lly 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 

leac~te immediately after entering the water (Hynes and 

Kaushik, 1969). The significant positive correlation (Tables 

13-18) of nitrate-nitrogen with actively breeding prawn popula­

tion could be explained in the light of their conductivity 

relationship as free nitrate radicals also known to boast. u:p 

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 of organisms have well documented (Warren, 1962; 

Campbell, 1973). In aquatic habitat, organisms rely on rap~d 

diffusio~ of NH3 across the 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 NH3 concentra­

tion increases, the rate of diffusion outward from an animal 

decreases and toxcity ensures when tolerable body loads are 

exceedec4 Consequently. the toxicity of ammonia to aquatic 

organisms is generally credited to the NH3 molecule (Ellis, 

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

Spotte, 1970; Hampson, 1976), despite the evidence that NH4 + 
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adversely affects -some physiological functions (Shaw, 1960; 

Maetz, 1972; Campbell, 1973). This also .could be attributed 

to the negatively shown correlation co-efficient values of all 

the size groups of both ~· hendersoni hendersoni and 

. ~· hendersoni cacharensis. The chemistry of ammonia in solution 

has been discussed by Whitefi~ld (1974) and Colt and 

Tchobanoglous ( 1976). The proportion of total ammonia existing 

as NH
3 

is dependent on temperature and ionic strength of the 

medium but primarily on the pH of the solution (Warren, 1962; 

Truessell, 1972; Skarheim, 1973; Whitefield, 1974). Calculations 

by these authors show that the NH3 increases as pH rises. In 

the present study, monthly iata on ammonia-nitrogen and pH 

values also reveals similar conception. Armstrong~ 21.(1978) 

reported that in tl• rosenbergii toxicity of ammonia was not only 

due solely to the ammonia molecule. 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 Umsh.ing and Pongtung streams could be attributed 

to their lithological set-up (Gorbet, 1964) and the decomposing 

leaf leachates may also add to ~orne extent (Thomas, 1970). 

Under William's (1964) classification (following Ohle, 1934), 

waters with less than 2.5 mg/1 of calcium. are considered 

extremely poor. Johnson (1967) found that most Southern Malaya 

waters fell into this category and some had calcium concentra­

tions an order of magnitude lower than the minimum 0. 10 mg/1, 



139 

The rivers studied in Tahiland by Kobayashi (1959) generally 

had higher calcium concentration (mean 20 mg/1.) and did not 

support any prawn population. But, in southern most Malaya 

Peninsular stream, he recorded a mean of 1.9 mg/1 and also tw~ 

species of Macrobrachium was found to be abupdant. The extrero~ 

values of calcium and magnesium concentration at the station A~ 

during the first annual cycle can be attributed to the "impact 

of jhum cultivation" at the bankside (Fig. 6c) and heavy run­

off during the rain (Rarnakrishnan and Toky,' 1981). Sources of 

calcium for post-molt ~aloification 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 ~ 

~., 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 J;J.t'~~ f!±-nd~ 

reveal that during the breeding season lAprU-september), 

calcium concentrations was diluted to an average of 2.15 mg/1 

and 3.48 mg/1 at Umshing ~nd Pongtung stream respectively. 

Huner ~ ~· (1978) reported that the presence of excess 

dissolved calcium in the surrounding madium. d±.d not .inc.re.ase 

the uptake of calcium in Procambarus clarkii. This also could 

be attributed to the neg;::~.tive r-values noted for both 

tl• hendersoni hendersoni :::md t!_. hendersoni cacharensis • 

Nduku and Harrison C 1970J rightly commented 11most iife history 

disturbances result from excess nutrients and ions rather than 

) . 
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insufficiencies 11 • Magnesium concentration exhibited mean 

dilution of 1.13 mg/l and 2o07 mg/l during April-Septem-ber 

reflecting thereby the optimum values for the actively breeding 

popul&tion. In berried females, the pleopods showed constant 

movements and this frequency of movement increases as the time 

for hatching 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 tl §;1., 1970; Kunkle, 1972; Srni ttl, 1974) 

and the .. winter peak is associated .with .low .rainfall and , 
' • .I~·· ' ~ 

_ ~sc~~ge (B~shop, 1973). _,Both ~msl?ing cmd. Po_ngtung ~treams 

exhibited lesser chloride c,ancentr~tion as. reporte_,d. by _Bis(lop, 

1973. for.Gombak r.i_v.er (?-:12_ m~/1) :w~,c~:·.~lso supporte~ four 

species of -~1acrobrachium •. ·.In, .the present .study, .. thE? acid 
. ' ' - .; .. . ... 

r.adicals _irrespect?.ve.,,of the .natu,r..e of ions have. shown positive 
'· ' ' -. ~ ~-., .:. . .. ' . ,· : ' ' . ' . 

)~ffec~s and also to. the level. o:( significant in some cases 
J, • • • - • • • . -. • • • : ~ 

('I'able .J3-18). J'he. chlo.ride content exhibited positively . 
- ' . . ' ' - : . ·•. . . . . ·. . . . ' ' . . -~ 

. pignific.ant role.__ The _genus Macro brachium had_.marine prigin - . \ ' .- . . . . . ·. . . .. 

,(;Tiwari, 1955) and ar.e. ~'till in the process of adapting 

themselves to the newly invaded inland conditions and the key 

role of chloride:.also appears to ~support-the same. However, 

sodiui:n 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- ions pass freely to the water 

table (Huchinson, 1970; Van de Voorde £1 ~., 1973). The 

sodium and potassium concentration in the stream wate~ are 

related to accumulation of mineralisation product (as reflected 

from their lithological set up), soil leachates (Bishop, 1973) 

and run-off (Toky and Ramakrishnan,1981s,b).It may be worth .. 

while noting here that Dendrocalarnus harniltonii 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 Rarnakrishnan ( 1981 e) reported that subsequent 

to slash and burn of the forested fallow and during shifting 

a.gricul ture (Jhum) in the North-Eqstern Hill areas of India, 

the system loses much of its capacity 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 to the tYPe of vegetation that is slashed and 

burnt. ~n the bank side of the station A3, a similar situation 

was observed and consequently during the first annual cycle 

(January-December, 1979), the nutrient level (Ca++, f1g++, K+, 

Na+, No
3
-, Po4- 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 negative correlations ~·Ti th both tl• henderson! nenqersopt 

and M. hendersoni cacharensis (Tables 15-18). During rainy -
season, the dilution factor could provide an op:timum condition 

for the prawn population which was reflected by their high 

population densities (Figs. 34~-~9). 

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 

( 1968a) and unless considerable concentrations of electrolytes 

and humic colloids are present (Shapiro, 1966), these elements 

tend to remain static as sesqui-oxides in the lotosol soils. 

Low iron concentrations were detectable throughout the sampling 

period. In water-logged accumulations of leaf detritus and 

humus, where decomposition may produce anaerobic conditions, 

iron is reduced and solubilized (Bishop, 1973). In Umshing 

stream, 1vhere sand bars were 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/1 and 0.78 

mg/1 in Umshing and Pongtung streams respectively and this was 

reflected in their correlation co-efficients (Tables 13-18). 

That is, U· hendersoni hendersoni and tl• hendersoni cacharensis 

grow better in the medium of low iron concentration. 

High values of oxidisable organic matter noticed during 

winter ru~d spring presumably due to reduced precipitation and 
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water-logged condition whicn 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~· hender~oni hendersoni 

and tl• hendersoni cacharensi...s which are also dependent on 

dissolved oxygen concentration. Seki ~ £1.,(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 waters found in tropical streams and there is 

growing evidence that these nutrients are rapidly incorporated 

either~~ through physical phenomena or by microbial 

flocculation actively, into particulate organic components. 

The characteristic algae of swift streams are those 

possessing· the so ce.lled hold fast cells or other structures 

which make it possible for them to adhere to various kinds of 

s~pports on the bottom and to remain there in the face of 

strong current (Tiffnny, 1938). So far as is known, all 

natural waters, irrespective of latitude, altitude qnd physico­

chemical characters, are in the vast majority of instances, 

normal .'supporters of plankton although' they may differ in many 

respects (Welch, 195 2) • The records (Table 3) of various 

epilethic, epiphytic and epipelic 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 Baccillariophyceae. 

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 tropic~l or 

sub-tropical streams or small rivers (Hynes, 1970). High 

turbidity hinder light penetration, but at shallow depth, this 

is not a notable factor (Bishop, 1973) as also reflected from 

the noted 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 epipeli'c community often develops.· Presence of 

CynA.ophytes and diatoms like Nitzschia indicates possible 

enrichment (Bishop, 1973), ~1 though the over-all dominance of 

Chlorophytes in the algal community is indicative of oligotrophy 

which agrees with other \\Orkers (Patrick, 1957; Cushing, 1964; 

Hynes, 1970). During spring months .brown mat of diatom and 

green patches of Chlorophytes always developed on all the stream 

substates. As a whole, filamentous chlorophyceae viz. 

Oedogonium, Spirogx;ra, Cladonhora,. 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. lotio plankton 



(Potamoplankton) as an ecological group of organisms 

(biocoenose) living and breeding in running water and 

consisting principally of diatoms like Melosiri, S~, 

Fra~illaria so on which are also noted in the present study 

( Ta.ble 3 ) • However, Steur commented that the lotio 

plankton is not a special community of organisms adapted 

exclusively for life in running water. 

The significant positive correlations of tl• hendersoni 

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 Hinckley (1963) reported that the growth 

of genus Phormidium was associated with high calcium concen­

tration of the aquamedium. The density dependent relationship 

of ll• hendersoni hendersoni with particular reference to post 

breeding group versus total phytoplankton highlights their 

'food habit' rattler than regulation by the "river continuum 

concept" after Vannote~ sl· (1980). Dense algal growths on 

the exoskeleton were observed mostly among the male populatio~l 

of both tl• hendersoni hendersoni and t!_. hendersoni cacharensi,,. 

collected from their natural habitat. No females with epibio:· --· 

were observed either at this time (July-October, 1980) or 

later. Prawns displaying this "moss back" condition were 

sluggish, poor in health and occassionally 11 blindn .(Goswami 

~ al., 1982, 1983c). 
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Identi:f,'j.cation of the algal covering showed that it was 

primarily consist~d of chloropl1ytes (Q..edogonium sp., SpirogYra 

sp., Ulothrix sp.) with cyanophyte (~~.£ sp. and L:qigbYa sp.), 

the secondary dominant. In tl• henderso~- 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 assemblage 

of plankton was prevalent in the system. However, presence of 

Scencie.smus was A.lso 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 pf this group. Lem@nea 

sp. and Batrachospermum sp. also occur during the spring. 

Welch ( 1952) also reported 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 present study comply 

with the findings of Gupta (1980) from certain hill stream of 

Meghalaya and the dependency of the praWn population (Table 13--

18) to the later group could probably highlights their food 

relation. 
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The intrinsic growth of Baccillariopnyceae which also 

possesses a seasonal trend of fluctuation is similar to 

Scendesmaceae. It is therefore, possible 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 tne 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 vacuum 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 cacbarensis. The critical environmental factors 

precipitating species-specific period of maximum growth and 

reduction are important to a total understanding of phytoplar.Jc­

ton succ~ssion (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 environment and an inherent rhythmicity in the potential of 

the organism (Enright, 1970). 
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Data of the correlation co-efficient value reveal the 

dependency of both tl• hendersoni hendersoni. and tl• hendersoni 

cacharensis on total zooplar~ton population. This could be 

assigned to their food relationship (Ling,· ··1969; Nelson et al,., 

197?: • Zooplankton are also well known as reservoir of various 

essential vitamins (Copping, 1934; Wald, 1941; Waterman, 1960). 

In the present study, eleven genera of portqzoa, nine genera of 

Rotifera, single genus of 0 stracoda 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 connnon with 

the present findings. 

The negatively shown corPelation.Sof both r:!,. hendersoni. 
. . 

hendersoni and tl• hendersoni cacharensis with Protozoa group is 
. ' 

not ~learly understood. The winter blooms of Protozoa as noted 

in the present study are also known for other Indian 

i,npoundrhents (Michael, 1968). However~ the density and the 

period. of occurrence of individual protozoan species was 

reported to vary during different seasons (Wesenburg-Lund,1939; 

Welch, 1952; Davis, 1955). Pennak (1953) suggested the optimum 

temperature range for the growth of pn>t:>zoan to be 16° to 25°C 

and in present study. Probably this explains the occurrence pf 

protozoan throughout the year. Further, the amount of available 

food has been regarded as another factor controlling seasonal 
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blooms in Protozoa (Brunforth, 1958; Michael, 1968) although no 

direct evidence is available from this study. The Rotifera 

recorded maxima during spring in Umshing stream.. .Such. a pattern 

was also observed earlier from other Indian situation (Das and 

Srivastava, 1956; Vasisht and Dhir, 1970; Tandon and Singh, 

1972; Vasisht and Sl1arma, 1975; Sharma, 1978). The summer 

maxima of rotifera group in Pongtung stream is comparable to the 

findings of George ( 1961, 1968). tJ., hend.ersoni cacharensis was 

more dependent on rotifera than t:!,. 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 the 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 sho\vn considerable impact on the prawn 

population (Tables 13-18). The peak exhibited by the copepoG 

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 tempera­

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 copepbd populations (Sharma, 1978). Cladooera exhibited 

a positive coprelation with the prawn population (Tables 13-18) 

and particularly the prawn, tl- hendersoni hender;opi have 

shown their significant dependency on the cladoceran popul:a.t:LQn. 

Many cladoceran species are known to serve as food for the 

cultivable prawn varieties (Ling, 1969; Smith~~., 1977) • 
. . 

Documentation of an increase in metabOlic rate following 

ingestion has been made for a few aquatic invertebrates 

(Nelson~ 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~ 21·, 1944). 

The betl1ic invertebrate community of undertaken lotic 

ecosystem is, with some specific exceptions, a remarkably 

conservative assemblage of types that recur in a simj.lar 

biotopes regardless of geographical location. Similar 

environmental niches (physical/chemical/biotic) harbour 

analogous taxa, often of the same familial or generic group, 

wherever such habitat are found (Botosaneanu, 1960; Illies, 

1961; Hynes, 1970). Structurally, .the community parallels that 

found in more temperate streams with the notable difference 

that species diversity in many groups is greater and the 

population of any particular species comparatively.smaller. 

Asynchronous and non-seasonal life cycles combine to k.eep 

. population densities low and this, with the va.r.iety of 

relatively constant, but not necessarily stable, micro-habitats 



15 1 

available, penni ts 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~. hendersoni 

hP.ndersoni and M. hendersoni cacharensis exhibited signi£icantly -
positive correlation with the total benthic organisms. The 

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

juvenile of tl• hendersoni hendersoni could be attributed to the 

predation pressure (Ling, 1969; Smith~~., 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 

gener~ of namatodes, ten genera of oligochaetes, three genera 

of decapods, forty three identified and three uni.den:t"J.f1ed 

genera of Insects, four genera of gastropodes and ten genera of 

miscellaneous groups (Table 5). It was observed that most of the 

recorded benthic organisms in the present study were in common 

as noted by Bishop (1973) fo~ Gombak river. In the present 

study, it is also possible tnat certain genera might have 

remained uncollected due to their periodic occurrence \mdch did 

not coincide with our field collection hour. 
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Both tl• hendersoni hendersoni and tl• hender?oni 

cacharensis have been noted to be dependent on nematooogroup 

(Table 13-18). The exact reason for their dependency other 

than 'food relation' (Subramanyam, 1963; Kuttyamma, 1974) is 

not clear from ~he present study. The diplogasterid tYPe of 

nematodes a.ppeared to be restricted to the bottom substrates. 

Horizontal and longitudinal distribution of stream benthic 

animals are 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 
c 

cases it can be assumed t~~t if a species is not present, it 

has failed to find a satisfactory niche. This situation is 

represented by their rare occurrence (Table 5). Data on the 

r-vqlues (Tables 13-18) reveal that both M. hendersoni -
hendersoni and~. hendersoni cacharensis exr~bited positive 

relationship with Oligochaetes, this probably reflects their 

food relationship'(Dall, 1968), but the significant relationsl1ip 

of the actively breeding population further explains their 

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

shown that Limnodrilu~ hoffmeisteri cannot reproduce asexually 

as in some Tubificidae (Brinkhurst, 1964) but that sexual stages 

are normally prese~t continuously in a population, particularly 

at temperature exc~eding 15°C •. Most oligochates are 
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indiscriminate particu13te feeders utilizing different 

components of the organic susbstate either directly or through 

a symbiotic microflora or fauna (Bri~~hurst 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 \'lere 

apparently subsidiary to food availability and other biotic 

factors in determining occurrence (Bishop, 1973). 

In the present study, Macrobrachium hendersoni 

hendersoni and ~· ._h_e_n_d_e_r~so.~_.· cacharensis exhibited positive 

correlation'with the decapods. One reason for this could be 

that under this decapod group even the count of t!,. hendersoni 

hendersoni and rvr. hendersoni caeharensis are included. Mizuno -
and f1ori ( 1970) reported the riverine ~· 'iralavanus and 

0 

~· P4lfmanus from the bank side root niches, between and beneath 

boulders and where current flow was stabilized, on open 

depositional gravels and sands. The c+abs, Paratelphusa spp. 

were found only in the upper forested reaches more frequently 

and also collected in torrential sections hidd.ing in rock holes 

beneath stable boulders. Surprisingly, they were very often 

also noted to be·associated w.ith prawn population but the exact 

causal aspect is not clear from the present st~dy. Karunakarru1 

( 1969) also reported certain crab species associated with 

tl• geron from a similar stream from Singapore Island. Diets o._ 

the African potamonids have been fully described (William ~ 

~., 1961; William, 1962, 1965) and may be summarized as 
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primarily nerbivorous 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 tl• henderson! hendersoni and tl• hendersoni 

cacBa£es.sis with Insect groups needs detailed explanation. 

Collembola were a minor element of the benthos at all stations 

that probably feeding on detritus or its microfJ.ora. The main 

habitat of the Ephemeropteran members was on both erosional and 

~ depositional substrates although. ny.mphs also occurred on stones 

in the current from where they able to filter 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 that might hinder feeding, 

altitude and shade (i.e. temperature) may be important too 

(Bishop, 1973). The actively swimming D¥IDPhs of Baetis SPP• 

were facultatively herbivorous grazing on periphY!on 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. Small baetids were commonly found in the 

interstitial spaces of the gravels, presumably feeding on the 

microflora growing tb,;r.<!l as described by Brown ( 1961) and 

Minkley (1963) a11d 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 hender§oni henderson! and 

ti•' 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 but substrate cover appeared 

to be the principal factors, determining the nymphal 

distribution. Food supply would appear not to be an .i;mp0r-tant 

factor as the ephemeropteran prey species preferred by most 

Odonates. (Bishop;' 1973) ·were'. readily available at all- -locali­

:·tie·s;, .as: we.l.J.~_a.s:~. ~gq'~:ssaiY'.,j~£:i.:'P,9.:h9Pter.an~.~--'di)lecopteran 

_larva~ @_g_; JlYmPJ1's; __ J9.r. th:@ ''Clingers!' and: ,~:hinders'• and -

Ghironomidae· ahd/or • ol:igochaetesY:fo·r< the" 'burrowers·~ also 

-noted to oe·:.pre-sent in the;. system {Table· 5) .... · : ·· · 

.... 
; . 

. ,. The . .t:emales of.:. both !':1· hender_jopi henders
1
oni and.: _ 

. ' r:t •. hendersoni cacharensis are -c~~-~,-to .carry eggs. of 
0 1 ~ . - -- . . -~ ' . -~... ..., ... 

Ramphocorixa sp. and Micronecta. sp •. (Goswami ,(it .. -~.__,1.984,.1:98:3.:~) • 
' • • • - • • :· • • • ' -- • ... • • • • • -~ ' - h ••• ' ... ---- ...... - '· • -

These eggs suppo!'ted o:p_.pedice).s w_ere, usl,lalf.Y_located.qn- the 

posterior portions of the Cephalothorax although some._ were 
. . . . ·~' ·'' ' . . . . . ~ . 

also deposited .. laterally. on the f;irst twa abdo~nal..:·P.egments. 

The· _depo si ti?n oJ these. aquatic _ il)sec~ eg,g9 app.ears. ~~'--_l]:ly~, .. 

been random. with ,respec;t _to .. stage in tJ1e rep.rod~tive. cycle and 
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size of prawns (Go swami~ &·, 1982,1983c). No detrimental 

effects associated with the infestation were noted. Forbes 

(1876) first noted a relationship of ~~~qcorixa acyminata 

with crayfish. Abbott (1912) provided a full description 

of the egg deposition by this species on the cray fish, Camba.rus 

iffiffigpis in Kanas. Hungerfo.'rd ( 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 em) 

of ten accidentally stocked into the brood stock aquarium 

(Goswami et al .• , 1982, 1983c) did harbour eggs of RamphocoriX& sp. 

The occurrence of Ramnho~O£ip and Micropecta eggs on prawns 
.4-

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. 

Amohg the benthic community of both Umshing and Pongtung 

streams notably in the insect 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. (Ide, 1936; Botosaneanu, 1960; Illies, 1961; 
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Macan1 1962; Olfstrand, 196S; Grant and Mackay, 1969) 

thereby the segregating machanisms operate. Brinkhurst ( 1969) 

reported tha.t ,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 iifference in food ingested, but that 

explaited bacterial species were different for each 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 also maintain bacterial flora in their 

digestive gut which provides a symbiotic relationship in the 

digestion of detritl.+s, cellulose etc. Yasuda and Kitoa ( 1979) 

reported three bacterial 'flora i.e. Vibrio spp., Pseudomonas 

spp. and Acromonae sp. in>.the digestive tract of prawns,. 

Penaeus japoni.cus. Complementary feeding niches may be common 

in benthic organisms but_ determination of these for the 

herbivorous (particularly detri tivorous) and· a'rryphagous forms 

pose considerable difficulties and ·has not yet been tackled 

sufficiently. ·For carnivores, size-sel~ctive predation at both 

intra specific and relat~d species 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 continuous 

supply. 

· In the context of the' Umshing and Pongtu.~ fauna, much 

of th.e dis¢ussion may 'be acadefuic, as to a degree. these' 



158 

mechanisms are all density dependent~ But population of 

benthic fauna (Ephemeroptera, Palaemonidae, Plecoptera; 

Hemiptera and Trichoptera perhap~ excepted) probably rarely 

attain stability for long enougr. to build densities upto a 

level where contact interactions become common. Many species 

are facultatively polyphagous and occur 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 environmental resources are not limiting, as 

it likely, the need for adult temporal segregation which is 

probably an adaptation to ensure maximum exploitation of 

biotic resources over the extended long term immature stage, 

is no longer present. This explanat~on was also found to be 

true for both ~. hendersoni hendersoni and ~· hendersoni 

cacharensis. Dittmar (1955) and Ulfstrand (1968) have 

commented that in disturbed biotopes where communi ties are not 

in steady state considerable interspecific ecological overlap 

may be expected. 

The gastropod fauna of the upper water shed was 

extremely poor, probably l~nited by availability of suitable 

calcium, stable substrates and food (Bishop, 1973). After only 

slight physico-chemical modification of the biotope in the 

lowel'' course, both diversity and population density increased 

considerably. Occassional individuals were collected from 
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diatom-covered rocks in the current and from trailing vegetation 

but never more than two specimens were collecte~ at any site in 

spite of diligent searching. The prefered foo_d was attached 

algae. The significantly positive correlation exhibited by 

tl• 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 

correlations or insignificantly positive correlation (Tables 

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

tl• 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 pravm population. Tubberllaria 

are normally carnivorous (Dittmar, 1955; Hynes, 1961; Macan, 

1962) an.d the probable diet was small 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 v·Jere 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. Two genera of mites for terrestrial litter and 

forest canopy group (Bishop, 1973) occurred sometimes quite 

regularly at station A3• This could be attributed to the ~ 

off and jhum cycle of the bankside (Vatsauliya, 1982). However, 

their exact role in the prawn eco+ogy is not very clear. 
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The riffle community 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 numbe..: 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 artd 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 base 

levelled reaches. Populations 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 rivers where diet preferences and 

optimal growth periods are ~dju$ted to the seasonal availability 

of food; algal grazers develop most rapidly in phototrophic 

periods of summer and detrivores in winter and early spring 

when leaf~fall materials are most abundant (HY.nes, 1961; 

Ulfstrand, 1968). Here where light and leaf fall are not 

seasonal, both categories of food vary in abundance together, 

in response to discharge conditions. For predators like pravms, 

regulation of growth rate might also be influenced indirectly by 

the availability of prey animals; however, as most aquatic 

females have larger reproductive periods, the short-term effects 
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In these contexts, some comparable environmental parameters as 

discussed already could be of more significanCe~ 

No detailed study of food niches was undertaken partly 

because of lack of time but also because specific investigations 

o:f that nature was of little relevance as the nomenclature of 

th.e organisms could not be organised at our convenience. In 

addition, as the research of a number of workers on various 

orders (e.g. Levanidov, 1949; Brown, 1960, 1961; Brinkhurst 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 ruLd Cummins, 1964). In the present 

study, considering the prawn ecosystem aspect, three categories 

of food were immediately evident; 1) autochthonous periphytic 

algae particularly the epili thos 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 

th~selves; this food resources was ubiquitously available from 

the seston, in substrate intertices or· in accumulations in areas 

of reduced current; 3) animal foods whose distrib~tion was 

secondarily controlled by the occurrence of 1) and 2).- Gunter .. . 

(1937) reported that the prawns Macrobrachium .ohione are 

voracious and attack catfish conf1ned to live-boxes. Hay ( 1882) 

commented. on the :i.mportance of river shrimps in lotic food 



chains. Speaking o:f river shrimp in the Mississipi 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 watersu. 

Concurr~nt but prillminary studies of fish food-habits in the 

Atchafalaya Basin (Bryan~~., 1975) revealed that ~. ohion~ 

was an important food item of flathead cat .fish, Pylodictis 

olivaris, the white bass, Marone chrysops and the southern -
flounder, Paralichth¥s lethostigma. Goswami and Majhi (1981) 

reported also the importance of Hacrobrachium spp. in the 

feeding ecology of Danio dangila in Pongtung stream, Meghalaya. 

Roy ( 1979) stated the position of Macro brachium spp. in the food 

chain of £1m 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 ~. hendersoni hendersoni 

and tl• henders~ cacharensis play a key role in their 

respective lotic ecosystem. 

Ruella ~ .s.l·, ( 19'73) reported that a male 

[. austraJJ.ea:we of 7 em. in length, constructed a 10 em diameter 

and 3 em deep saucer-shaped d~ression in an aquarium. They 

further described active use of the 'breeding nesT.' in courtship 

and mating in this species. Similar shaped but larger 

depressions have been oQserved in indoor aquaria containing 

bottom gravel particles (siz~ 1-6 mm) and the housing large, 
I 

~. rosenbergii culture pond in Florida (R; Wulff, personal 



communication). 1Hillis and Berrigan ( 1976) noted that prawns 

utilized cray fish b.urrows 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, ma.ting behaviour has 

been observed (Sandifer and Smith, 1978) in an artificially 

managed tank. 

Information on the occurrence, characteristics and 

importance of accessory habitat reported here, is first of this 

kind from hill stream condition and unique in many ways. Th.e 

major 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 observed surrounded by as many as sixteen 

sexually ripe females. It is believed that the male will mate 

with some .if not all the females after each· complete her 

premating moult (Smith and Sandifer, 1979). Water quality 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 and 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 length 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 ~. hendersoni hendersoni and tl• hendersonj. 

cacharensis have higher condition values indicating juveniles 

have better "condition11 • 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 ecological amplitude than 

the males in both M. hendersoni hendersoni and M. hendersoni - ~· -



oaoharenQs which. was alsq refleoted in tb.a oo-ef!io~ent 

oorre.latio~ (r) Values as the OVi.geroU,'3 fomales showed 

d~pendenoy to a larger number of ecological parameters. 
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J'l8.crooracruum nenaersom. nendersoni (de Man) and 

Macrobr~chium henderson! cacharensis (Tiwari) are the two 

commonly available palaemonid prawns in the lotic (or Semilotic) 

water bodies of Khasi Hills, Meghalaya (Pilla! and Biswas, 1979). 

They can be an economically important fishery potentials 

(Goswami et al., 1983.a,b) but remained thorou~hly unexplored 

till date and even the basic biology, has not been worked out. 

The taxonomy of the freshwater prawns belonging to the 

genus, Macrobrachium Bate, is mainly based on the form, annature 

and proportions of different segments of the second c~lipeds, 

in addition to the ro:strum. The specific characters shown by 
I . 

the second legs are ~ften developed only in full grown males. 

Lack of sufficient dita on ~he problem of age and sex variation 

has resulted in somJconfusion, which can partly be solved by 

morphometric analysk of measurable parameters at different . . I 
stages of growth (Koshy, 1979). The problem of relative growth 

in shrimps have rec ived the attention of biologists since long 

time (Huxley, ,932; Thompson, 1942; Mishra, 1958; Johnson, 1960; 

Koshy, 1969, 19:73; N/samine and Knight, 1980; Morizur ~ .§.1., 

1981; Rodrigues, 1J1; Curzon ~ . .s1, .. , 1982; Lee and Fielder, 

1982). But, a detd.led study of the male and female sexually 

dimorphic structur of prawns from the lotic water bodies is 

still lacking. 

During th~breeding period, the integument of the female 

undergoes importak modifications characterized by the presence 

of extra setae fa/ the purpose of egg be2.ring (Antheunnisse ~ 
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sJ.,., 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 breeding 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 characters; th~ 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 epimera of the three anterior abdom~l 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 intermoul t, ware 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 period 

and Mortensen (1897) reported a single br,eeding character of 

Palaemon-~dspersus ·Rathke i.e., the long plumose setae on the 

endopodi tes '6f 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 ~ ~ .. ( 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 (1:948) 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 animal of commercial 

interest is an important prerequisite for programming its 

culture (Lumare, 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 ~ ~., 

1977; Laubier-Bonichon, 1978) as well as by applying special 

treatments to the females. Such treatments could be control 

of photoperiod (Lee and Fielder, 1982), thermal stimulation 

(Shigueno, 1975; Lumare, 1976; San Feliu ~ al., 1976) and eye 

stalk ablation (Idyll, 1971; Alikunhi £1 21., 1975; Arnstein 

· and Beard, 1975; Lumare, 1979). The length-weight relationship 
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in a few species of Hacrobr'8.Chium has been studied (Katre, 

1976; Rajyalakshmi, 1980)a KoshY and Tiwari (1975) studied 

the relation between clutch size and female size in £1. d.a,y~um 

and~. lamarrei~ Karnita (1961) stated that the number of eggs 

carried by a female is closely related to the size of the 

mother shrimp. Nishino (1980) reported that egg size of 

Palaemon paucidens is almost constant 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 

\'lithin a population; Relative brood weight is almost similar 

in a population and me,~ 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 

ll· hendersoni hendersoni and ~. hendersonlcacharensis becomes 

imperative. 

More than thirty four species of the Palaemonid pr8.wns 

of the genus Hacrobracbium 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. ~. lamarrei (H. Milne Edwards, 

1837) bY Rajyalakshmi (1961) and Sharma and Tiwari (1978); 

M. malcolmsonii (H. Milne Edwards, 1837) by Kewalramani et al ... - --
( 19'71); ~· idella (Hilgendorf, 1898) by Pillai and Mo l1amed 

( 1973); ~. hend~§odaY§l1Uill (Tiwari, 1952) by Jalihal 8lld 

Sankolli ( 1975) 9 tl• ~,~,;;nensis by Nagabhushanam and Kulkarni 



(1979). In addition, Das (1935) reported on the larval stages 

of tl• lamarrei. There were also some records on the larval 

stages of tl• rosenbergii (de Man, 1879) and ~. ~ (Heller, 

1862) by Menon (1938) and of embryonic development in tl• idee 

by Nataraj (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 a~lhieve optimum utilization of food given to the organism 

being cultured (Marte, 1982 ). Prawns have been described by 

man¥ authors as omnivorous scavengers which feed on a variety 

of benthic organisms including large quanti ties of organic 

detritus, silt, and sand (Patwardhan, 1937; Chopra, 1939; 

Gopalkrishnan, 1952; Panikkar, 1952; William, 1955, 1958; 

Eldred~ sl•• 1961; Hall, 1962; Subramanyam, 1963; Dall, 1967, 

1968; Warren and Sheldon, 1967; Hughes, 1968; George, 1972; 

Rodriquez ... and Naylor, 1972; Thomas, 1972; Kuttyamma, 1974; New, 

1976; Tiews _tl ~·, 1976; Primavera §1 gl., 1979; Truesdale and 

Mermilliod, 1979; Marte, 1980,1982;Rajyalakshmi, 1980b). But, 

none of these studies include the reports on the prmvns 

collected from hill stre~m condition. 
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The anatomy of the crustacean alimentary canal has been 

widely studied (Biedermann; 1911; Jordan, 1913; Yonge, 1924J·. 

Bo.lss,. ~926;- Haslar, -1935; Von- Buddenbrook, 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 juice is produced 

almost entirely by the cells of the hepatopancreas 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 better approach to understand the 

mechanism of osmoregul~tion. 

Keeping in view the above f~cts, the presently under­

taken study on the biology of two palemonid hill stream pr~wns 

Macrobrachium hendersoni hendersoni (de Man) and Macrobrachium 

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

female sexually dimorphic structures; maturation ;:md spawning; 

brood size and reproductive efforts; larval development; food 

~d feeding habits; certain aspects of digestive physiology and 

neuroendocrine regulation of blood chloride. 



Fig. 42: Phot0g:raptts 9f the two palaemonid prawns 
. ,. 

:;• 

A: · U,. h~~l(iersoni h~ndersoni male ~dorsal and 

veritr;l view of preserved specimen). 

B: tl• hetid;rsoni .cacQe,rensis male (dorsal 
¥-.. · -

•••• oO' ' 

and ventral view of preserVed '•gpeyimen) . 

C: Mg~rou~ fema:J.~ of tl• henderso\U henderson.i,. 

D; Ovigerous female o:f tl• hendersoni c.acharensis 

E: Eggs of the broad. pouch carried by a :female. . . •. . 
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The monthly collection (January, 1979 to Deoember, 1980) 

of Macro brachium hendersoni hendersonj, (de Man) from Umshing 

stream and MacrobrgchitJ1Il hender_sgni gactmrenas (Tiwari) f.rom 

Pongtung stream for the purpose of their ecological studies as 

already mentioned 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 were taken closer to 0,1 

mm with the aid of an ocular micrometer mounted on a diss~ting 

microscope or somtimes with a vernier calliper. The relation• 

ships· hav:e ;been studied for. different size groups and also for 

different sexes. 

2. 1. Sexual Dimorphism: 

Total length was measured from the tip of the rostrum 

to the tip of the telson and carapace length from the base of 

the right eye stalk to the midregion of the posterior edge of 

the carapace ~esdale and Merrnilliodes, 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, propodus, .and 

dactylus. In the genus l.\1acrobrachium, the coxa and basis 
... 

contribute little to overall cheliped length and therefore were 

ignored. Lengths·of the five distal articles were taken as 

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

left first pleopod of males rmd females were me::1.sured from their 

origin oY1•the pijC'Jtopodi te to their tips. In instances where the 
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left pleopod was d~naged, the right pleopod was substituted. 

The appendices musculinae and internae, 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 oi males and 

·females was measured at its widest point to study development 

of the female abdom.in13.l brood cha.rnbere Rel2..tlve growth can be 
. . b 

qescribed by the allometric growth equation y = ax , where y is 

the variable dimension, x is the reference dimension, ·1 a' is 

the y-intercept, and 'b' is the relative growth rate (Huxley, 

1927). A logarithmic transformation of the allometric growth 

equation allows one to describe growth in terms of linear 

equations. Thus, the data were plotted on a log; 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 

n.nd ·.females were tested for similar! ty of slopes/or intercepts 

by the students' 't' test at P = 0.05 and 0.01 (Smilie, 1966). 

Additionally, during the daily operation of our c~~turing 

facility, numerous instances of mating and agression were 

observed. These observations aided in interpreting the function 

of the sexual structures. 

· 2'-2. Maturation ,qnd Sp0vming: 

In order to study the gonadal cycle, histological 

preparations were::; mn.de. Differe;Tt regions of testes and ovaries 



175 

-
were fixed in Bouin1 s fluid. Routine type of paraffin sections 

of 6-7 ).llll thickness were cut and stained with Delafield 1 s 

haemotoxylin and using eosin-counterstain in all cases.i 

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

Schiff (PAS) were also used. The 1maturi ty index' or 'Gonad 

index' was also calculated using the formula (Giese, 1959) o 

Gonad Index (GI) = 
Weight of the gonad 

Weight of the animal 

2,·3,1 Brood size and reproductive efforts: 

X 100 

Brood size is the measure of the number of eggs carried 

by a female at one time (Nishino, 1980)~ The eggs from each 

berried female which were not artificially injured, shrunk or 

bursting on hatching, 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 pleucon 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 weight,' The egg 

size is calculated by employing the formula: Egg size = ,Llength 

(mm)_7 x LWidth (mm)J2 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 th2 first pleopods of the female was 

counted under microscope and correlated with their respective 

brood sizes. 



2.4. Larval development: 

Living berried femAles of tl• hendersoni 9en~ersoni were 

collected from Umshing stream and ~· hendersoni caoharen§is 

from Pongtung stream and kept in laboratory aquaria 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. 

The berried females 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, 

to avoid 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 jars and ~ent 

females transferred to another aquarium. 

Rearing of larvae was carried out in glass beakers of 

250 ml. capacity. Two to three larvae were kept in one beaker 

with about 150 ml. of stre8.ID water and covered on top vvith fine 

muslin cloth to .prevent dust particles from setting in the 

heakers.. A few .example of each larval stage preserved in 

.neutral formalin mixed with glycerine (9:1). Exuviae were 

n.lso collected and preserved likewise. Measurements were also 

m8.de .With o·cul8.r micrometer on pre; served 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 h.endersoni - -

and tl· 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 nncoiled, cleaned off and their 

.weight were recoPded. The feeding intensity or the gastro­

somatic index (G.s.I.) has been calculated by employing the 

following formula (Desai, 1970): 

Weight of the gut 
G.s.r. x 100 

Total weight of the animal 

Different workers have adopted different methods in 

analysing the gut contents. Job (1940) followed the 'volunetric 

method' whereas Bapat and Lal ( 1950) estimated the percentages of 

the various food i terns of some inshore fi.E".l10s. by eye assessmcmt. 

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 depends entirely 

on the particular diet of ari animal, Venkataraman ( 1960) employed 
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tne. 'points method' with certain modifications. In the present 

st1Jdy, the qu~ntitative .ane.lysis of foregut contents was made by 

employ1ng visual estimate method as followed by Venkataraman 

(1960) and Marte (1960). Gut contents were examined microscopi­

cally lbr !ood organisms to determine their frequency of 

occwrenc~. Identification was baaed on skeletal .remains~~ 

2 ·6 .:.t .• Digestive physiology: 

The study on the digestive physiology was made only on 

Macro brachium hendersoni hendersoni (de Mah). Living specimens 

of tl• hendersoni hendersoni was collected from the Umshing 

stream 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 we-re 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 

measurements 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 were 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 Kris~a (1955). 

To 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 andUpadnyaya (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, ~. hendersoni hendersoni (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 incision 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 

content in the normal, eye stalkless and eye stalk-extract 

injected animals. All animals were maintained in tap water. 





3 •1•: SEXUAL DIMORPHISM: 

In both Macrobrachium h_epde£,.son~ handersopi and 

~. hendersoni cacharensis, the presence of appendices 
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masculinae and the gonopore are the first. external evidences 

of sexual dimorphism to be seen in both sa:>c_es.. In the seoond 

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 endopod.ite 

(Fig. 43).. As with several. other species of caridean prawns,. 

the male gonopores occur on the medial surface of the 

arthrodial membrane between the coxae of the fi.fth pereiopods 

and the sternum and are covered by gonopore flaps (Fig •. 4 3) •. 

Male gonopores were not found without their associated gono-.. 

pore flaps, although in earlier stage of development,. the flaps 
,, 

looked more 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 fine, blunt dissecting needle. 

Reproductive setae which are developed almost 

simultaneous with the brood chamber development, were also the· 

evidences of sexual dimorphism. The setae are divided into 

two functional categories: Ovigerous and ovipostting 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 protopodi tes of the first. 

through fourth pleopods. These setae are formed only on 
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F"ig.43. . Diagrammatic representation or sexual 
dimorphism on the ventral surface and the 

first and second plaopods or sexually 

mature male and female praYn and difference• 

between ovigerous and nonovigeroue femalea. 

Tips or the,exopoda and, in the aecond 

pleopoda, the endopoda have been deleted. 

AI, appendix interne; AM, appendix interne: 

AM, appendix maaculina; Gr, gonopore rl~p; 

OVG, ovigerous aetae; OVP, ovipositino 

setae; 58, setal buda. 
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preparturial moults and are thus termed temporary setae. On 

non-parturial moults, their past or future presence is 

evidenced by their buds which appear as conical projections 

(Fig. 43). Oviposi tihg setae,· which 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 ·c(1e appendices of the 

fifth pleopods in smaller females), and on the lateral edges 

and 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 no~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 sexual dimporphism are in the 

relative growth of the body size, certain articular ratios of 

the chelipods, ratio of exopod and endopod length, second 

pleuron width etc. 

3.1.1. Total length-carapace length relationship: 

A highly significantly.positive correlation between 

total length ( TL) and carapace length (CL) is .indicated by the 

high r-values. (Tables ·19, 20). The total lengt~ are plotted 

against the carapace length (Fig. L~4) and the calculated 
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parabolic equations ara as follows: 

f:l, hengersoni hendersoni 

cr J TL = 2. 3009 CL 1•0168 

( TL : 20,0·40.0 mm) 

0 : TL ~ 2. 6388 CL 0 • 9738 
+ (TL : 20.0~40.0 mm) 

d': TL ~ 2.4333 CL0 •9.945 
( ~ : 40.1 .. 55.0 mm) 

TL ~ 2.4860 CL0 •9967 
( TL : 40,1-55,0 mm) 

d': TL = 2. 6959 CL O • 9642 
( TL : 35.1-80,0 mm) 

TL = 2.4474 CL1•0014 

(TL : 55.1-80,0 mm) 

~-" ~nderson,1 ~olwena,U 

G: TL = 3. 7914 Ct0 •8184 
(TL : 20.0-40,1 mm) 

TL = 2,4088 Ct1•01 39 
(TL : 20.0-40.1 mm) 

TL = 2.2131 CL 1•0215 
( TL : 40,1-50.0 mm) 

TL = 4.1419 CL0 •8223 
. ( TL : 40.1-50,0 mm) 

Q': TL = 
(TL 

TL = 
(TL 

2.8132 Ct0 •9413 
: 50.1-70.0 mm) 

2.6761 CL0 •9 774 

: 50•1-'iD.O mm) 

3.1.2. Total length-body weight relationship: 

The total length (TL)and body weight (W) exhibited 

significC\ntly positive correlations and the regression 

equations are given in tables 19 and 20. The total length and 

body weight are plotted (Fig. 44) and their parabolic relotion­

ship calculated are as follows: 

M. - hendersoni hendersoni t:l· hendersoni cacharensis -, 
TL = 37.6097 w1• 3754 d: 10.6807 ,p.4095 6: TL= 

(TL : 20,0-40,0 mm) ( TL . 20,0-40,0 mm) . 
-9: TL= 33.4888 w1.0130 ~: TL = 32o 2626 W 1•006 ·. 

( TL : 20.o-40.o mm) (TL : 20.0-40,0 mm) 

c:fi: TL = 29. 41 o 3 vP • 998 3 d: TL-= 27.6312 w1•0098 
( TL . 40,1-55.0 mm) ( Tr., . 40.1-50,0 mm) . • 

?= TL = 33.1665 Vt1•0116 
r;= TL = 32.2552 w1•0007 

(TL : 40.1-55.0 mm) ( TL . 40,;1-50,0 mm) . 
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~: TL = 29.8469 W0• 9996 
(berried) · (~: TL = 30. 2482 W 1•0049 

(berried) 

0': TL = 29. 68 25 vP • 985 6 r<i: TL= 27.7651 w1•006 
(TL : 55.0-80,0 mm) 

......... -

(TL : 50.1 ... 70.0 mni) 

c;: TL = 33o3734 JJ•9977 
.r= TL = 32.3147 vP·9969 

(TL : 55 .. 0-80,0 mm) ( TI., : 50. 1-70•0 rmn) 

3.1.3. Total length-pleuron width relationship: 

The total length (TL) and pleuron width (PL) exhibited 

significantly positive correlations and their regression 

equations are given in tables 19 and 20. In both li,. hendertjOrti 

hendersoni and ~· 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: 

~. henderson! henderson! t1,. hendersoni caoharen§is 

0: TL= 78,0369 PL1•0130 0: TL = 81.7335 PL 0•9855 
(TL : 20,0-40,0 rnm) (TL : 20.0-40,0 mm) 

y= TL = 45.2689 PL0•9456 0: TL = 59.3198 PL0• 7354 
( TL : 20·,.0-40,0 mrn) t ( TL : 20.0-40,0 mrn) 

cJ: TL = 75.9451 PL o., 9779 0: TL = 81.5455 PL0•9615 
(TL . 40.1-55.0 rnm) { TL : 40, 1-50.0 nun) . 

9: TL = 41,6677 PL 0•9334 ¥= TL= 67 • 2357 PL 0 •9293 
( TL : 40 • 1-1-5.5 mm) (TL : 40.1-50,0 rmn) 

6; TL= 76.34$4 PL0.9673 6'~ TL ~ 83. 6373 PL 0•9689 
• 

(TL . 55.1-80,0 mm) ( TL : 50. 1-'70.0 mm) . 

9= TL = 66,8960 PL1•0012 
o~ TL = 65.2379 PL0•5777 

( TL : 55.1-80,0 mm) -r ( TL : 50. 1-'70.0 rmn) 
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3.1.4. Merus-Ischium relationship: 

The merus (M) and ischium (I) length exhibited 

significantly positive correlations and their regression 

equations are shown in tables 21 ~d 22. In both ~. 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: 

~· hendersoni hendersoni 

a : M = 1. 3928 I 0 •9894 
( TL : 20.0..40.0 mm) 

9: M = 1.511 I 1• 1716 
( TL : 20.0-40.0 mm) 

c)': M = 1.1956 I 0 •8606 
(TL : 40.1-55.0 mm) 

-¥ = rT~ 
1.3381 I1.0238 
: 40.1-55.0 mm) 

d: M = 
(TL 

1.4148 I1.0080 
: 55.1-80.0 mm) 

M = 1.3577 I 1
•
0661 

( TL : 55.1-80.0 mm) 

tl• hendersoni cacharensis 

0: M = 1~3690 I 0•9881 
(TL : 20.o-4o.o mm) 

() : M = 1.2014 I 1•006 
~· (TL : 20.0-40.0 mm) 

a= M = 1.0723 I
0

•·7179 
( TL : 40.·1-50.0 mm) 

¥ : M = o.q027 Io. 2648 
(TL : 40.1~50.0 mm) 

c): M = 1.0018 I 0 ' 4936 
( TL : 50.1-70,0 mm) 

M = 1~1367 I
0

•8965 
(TL : 50, .. 1-70c.O mm) 

3.1.5. Merus-Carpus relationship: 

The merus (M) and carpus (C) length exhibited signifi• 

cantly positive correlations and their regression equations are 

given in tables 2.1 and 22. The post-breeding group (50.1-70.0 

mm) of tl• hendersoni .~~c~h~a-r~e-n~~~·~s 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. hendersoni hender§Oni . M. henderson! cicqeren§&§ - -
0: M = 1. 3474 c0.9261 o: M = 1.3110 c0•9121 

( TL : 20.0-40.0 nun) (TL : 20"0-40.0 nun) 

¥: M ~ 1.4388 c1.0151 ?: M = 1.3753 c
0

•9641 
( TL : 20.0-40.0 nun) (TL ~ 2.0 :;, 0-40 • 0 nun) 

d: M = 1. 7726 c 1•4719 c): M = 1.2145 c0 •81 35 
(TL : 40.1-55.0 nun) (TL . 40.1-50.0 nun) . 

9: M = 1.3567 c0•9269 0· M ; 1~ ,3574 c0•9454 
(TL . 40'.1-55.0' nun) + . (TL . 40.1-50.0 nun) • • 

6: M = 1.4401 C0.9863 c): M = 5.9927 c0•4857 
(TL . 55. 1-8o.o nun) ( TL : 50.;1-'70.0 nun) • 

9. ~ = :1.4112 c1•0009 9.: M = 3.9774 c0• 6817 
. . 

(TL . 55.1-80.0 mrn) (TL • 50.1-70.0 mrn) . . 

. 3.1.6. Propodus-Carpus relationship: 

The propodus (P) and carpus (C) length-exhibited 

sig~ficantly positive correlations and the sexual dimorphism 

was evident in all the. size groups (Tables 2,., 22). By plotting 

their observed values, the parabolic relationship has been 

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

tl• hendersoni henderson! 

(~: P = 1,5307 c0•9148 
( TL : 20 .o-4o. o mrn) 

P =·1.5~90 c1.0064 
(TL : 20.o-40.o mm) 

C • 
J •. 

+ 

~. hendersoni cacharensi§ 

cf: P = 0.5933 c0•9350 
(TL : 20.0~40.0 mm) 

.¥: P = 1.4494 co• 9714 
( TL : 20.0-40tt0 mm) 
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d: p o.s5o4 c-0 •0937 ':1 P = 0.9156 c0• 2786 = ;"'): 
( TL • 40.1-55.0 mm) 

,,.• 
(TL : 40•1-50.0 rom) • 

~: p =· 1.5195 c 1•0162 !:\ • p = 1. 9661 c 1. 2861 
( TL : 40.1-55.0 mm) ~' . (TL : 40.1-50.0 mm) 

cj: p = 1.6512 c0 •9260 (~: p = 1,,5509 c0 •5858 
( TL 55.1-70.0 mrn) 

~-' (TL : 50.0-70.0 rnm) . . 

9: p = 1.5018 c1•0222 
~: p = 7.5248 c0• 7020 

( TL . 55.1-70.0 mrn) (TL : 50.0-70.0 mm) • 
"'• ._. 

3.1. 7. P ropodus-dactylus 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: 

!!· hendersoni hendersoni !!· hendersoni cacharensis 
0 

a P = 0.8652 D0•9148 e.f: p = 0.7938 o1•0019 
( TL : 20.0-40.0 mrn) ( TL : 20 .o-40. o nun) 

C{ . P = 0.8360 D0 •9892 9: P = 0.2674 D1•0134 . 
( TL : 20.0-40.0 rnm) (TL : 20.0-40.0 mm) 

c)l : p = 0.8958 D0.0532 
(TL : 40.1-55.0 mm) 

cS: P = 0.7914 D0•9707 
(TL : 40.1-50,0 mm) 

r . p = 0.8656 D1.0436 
~: 

p = O • 2~ 1 D 1 • 0 354 . 
(TL : 40. 1-55 .o mm) (TL : 40.1-50.0 nun) 

d: P = 0.9247 D0 •9218 -?\ P = 0. 791 7 D 1 • O 112 (j: 
(TL . 55.1-80.0 mm) (TL : 50.1-70.0 mm) • 

¥: P = 0.1466 D1•0177 9: P = 0.2449 D0 •99Z2 
( TL : 55. 1-80,. 0 rnm) ( TL : 50.1-70.0 mm) 



Ta:ble 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, !i· hen_dersoni hender soni 

·~---~· '7' .. :....,r·----

' ' I Size group : I ' X ' 
.,,. 

t Sex I I b l .t a r I I I (mm) l I ! 

' I I ' ; 
~..J.., 

~·: ___ . ... - . ·ivi: 
,.J.,.__~~. i 

20.0-40~0 0.;36-l9 1.0168 0 99~'""" • o·~:·, .. -
F 20.0-40.0 0~4214 0.9738 0.9997 

Carapace .length Total length M 40~ 1-55~0 0.3862 0.9954 0.9998** 
F 40.1-55~0 0.3855 0.9967 0 .. 9998 
~1 55~ 1-80.0 0.4307 0.9642 0.99887~* 
F 55. 'l-80.0 ;)~ 3887 1.0014 0.9998 
M 20.0~40.0 1-,5753 1. 3754 0.95607\-* 

F 20~0-40~0 1.5249 1. 0117 0.9978 
Body weight Total length M 40~ 1.:..55~0 1 ~4685 0.9983 0~ 9999*~' 

F 40.1-55.0 1.5207 1.0116 0.9997 
M 55.1:..8o.o 1'.4725 0.9856 0.9985-lHt 
F 55~ 1-80.0 1.5234 0•9977 0-.9999 
M 20'.0-40.0 1.8923 1.0130 0.9993** 
F 20.0-40-.0 1. 6558 0.9456 0.9774 

Pleuron width Total length M 40c 1-5~'•0 h8805 8:~~§4 o.~6~6*1i-* 
F 40.1- .o 1. 6198 o. 9 9 
M 55.1-80.0 1.8828 . 0.9673 . 0.99947~* 

F 55.1-80.0 1.8254 1.0012 0.9993 

M 20:-.0-40.0 -0.3219 0.9265 0.9915-l~* 

F 20~0-40.0 o. 2328 0.6568 0.9531 
Endopod length Exopod length M 40·.1-55~0 0.3627 . 0.9713 0.9895*** 

F 40.1-55.0 0.0226 ·. 0.6416 0.9467 
M 55.1-80.0 o •. 3805 . 1.0016 0.9968*** 
F 55.1-80.0 0.2161 1.0473 0.9989 

r = correlation· co-ef'ficient; * = no significant difference betWeen sexes; *7:- = Signi­
ficant difference between sexes, P ( <0.05; *** = Significant differences between 
sexes, P <<:0.01. M =Male; F = Female. 

~ 

OJ 
OJ 



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, ~· hendersoni cacharensis 

- .,,.,. 
·>::l;..~~. 

I 

' I ' Size group 1 I 
i ' ' I a b I r X I y I Sex I (mm) l I' 
I I I ' I. 
I I ' I ' ---~ ·>--=~ ···- .-1.: 

JYI 20.0-40.,0 0.5788 0.8184 0 .o795Q-7H-:-
F 20.0-40.0 0.3818 1.0139 0.9996 

Carap.::.tce length Total length M 40.1..;.50.0 0.3450 1.0215 0.8976*-Y~ 
F 40. 1-50.0 0.6172 0.8223 0.9709 
~1 50.1-70.0 0.4492 0.9413 0.9835*-l'-" 
F 50.1-70.0 0.4275 0.9774 0.9986 
lYl 20.0-40.0 1.0286 0.4095 0.9976** 
F 20.0-40.0 1.5087 1.0006 0.9998 

Body weight Total l.ength lYl 40~ 1-50.0 1.4414 1.0098 0.9996** 
F 40.1-50.0 1.5086 1.0007 0.9998 
lYl 50.1-70.0 1.4435 1.0006 0.9995** 
F 50 •. 1-70.0 1.5094 0.9969 0.9998 
M 20.0-40.0 1.9124 . 0.9855 0.99977(-
F 20.0-40.0 1. 7732 0.7354 0.9708 

Pleuron width Total length M 40.1-50.0 1. 9114 0.9615 0. 9945~l+l(-
F 40.1-50.0 1.8276 0.9293 0.9706 
lVi 50.1-70.0 1.9224 0.9689 0.9692** 
F 50.1-70.0 1.8145 0.5777 0.6897 

M 20.0-40_.0 -0.2048 0.2959 0.9469*** 
F 20.0-40.0 0.2790 0.9274 0.9968 

End_opod length· Exopod length fVl 40.1-50.0 -0.1462 o.-2512 0.9948*** 
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 o. 7149 0.9734 

• --" 

r = correlation co-efficient; * = no significant. difference between sexes; ** = Signi- I (B 
fie ant difference between. sexes; P ( ( o. 05; *** = Significant difference between 
sexes, P ( < 0.:01. M = Male; F = Female. 



Table 21: Regression statistics .for the linear regressions (Log Y :::: Log a + b Log X) 

for comparing the relationship between the length of: .four distal artic·les of 

th.e Chelipeds in male and female, ~· hendersoni hendersol11. 

------y -, 

: ' 
1 Size group : : : 

X 1 Y ! Sex ! ( mm) : a : b : r 
I I I I I I 

----------------~-=----- -L---

Ischi.um length 

Carpus length 

Carpus length 

Dactylus length 

M 
i 
N 

Merus length F 

Merus length 

M 
F 

Iv1 
F 
M 
F 
M 
F 

M 
Propodus length F 

M 
F 
M 
F 

M 
F 

Propodus length ~ 
M 
F 

20.0-40.0 
20.0-40.0 
40.1-55.0 
40.1-55.0 
55.1-80.0 
55.1-80.0 

20.0-40.0 
20.0-40.0 
40.1-55.0 
40.1-55.0 
55.1-80.0 
55.1-80.0 
20.0-40.0 
20.0-40.0 
40.1-55.0 
40.1-55.0 
5fi. 1-80.0 
55.1-80.0 

20.0-40.0 
20.0-40.0 
40.1 ... 55.0 
40.1-55.0 
55~ 1-80.0. 
55.1-80.0 

0.1439 
0.1793 
0.0776 
0.1265 
0.1507 
0.1328 

0.1295 
0.1580 
0.2486 
0.1325 
0.1584 
0.1496 

0.1849 
0.1787 

-0.0704 
0.1817 
0.2178 
0.1766 

-0.0629 
-0.0778 
-0.0478 
-0.0627 
-0.0340 
-0.8338 

0.9894 
1.1716 
0.8606 
1.0238 
1.0080 
1.0661 

0.9261 
1.0151 
1.4 719 
0.9269 
0.9863 
1.0009 

0.9148 
1.0064 

-0.0937 
1.0162 
0.9260 
1.0222 

1.0946 
0.9892 
0.9532 
1.0436 
0.9218 
1.0177 

o. 9997~~ 
0.9959 
0.4880** 
0.9676 
0.99897!-
0.9990 -

0.9944* 
0.9993 
0.5662* 
0.9684 
0.9969* 
0.9991. 
0.9822*~(-

0.9997 
-0. 3390*7~* 

0.9994 
0;, 7658**~~ 
0.9957 

0.9850** 
0.9998 
0.9884* 
0.9631 
0.9801"'~* 
0.9979 

_,. 

r = correlation co-e.fficient; * = no significant difference between sexes; ** = signi- I~ 
.ficant difference between sexes, P <.. ( o. 05; *** = significant difference between 
sexes, P <<. 0.01. M =Male; F = Female. 



Table 22: Regression statistics for the linear regressions (Log Y = Log a + b Log X) 

~or comp~ing the relationship between the length of four distal articles 

o:f the Chelipeds in male and female, !:!,. hendersoni cachQ.rensi's 

I I I I T f 
X } Y : Sex : Size gro~ : a 1 b 1 r 

~--.,-.. -· ~ j__ = j --- ; . (mm) ; l .. ~-------

Ischi121 length Merus length 

Ca.rpus length Merus length 

Carpus length P ropodus length 

Dactylus length P ropodus length 

M 
F 
M 
F 
i11 
F 

:tv I 
F 
l\'i 
F 
M 
F-

M 
F 
M 
F 
M 
F 

M 
F 
M 
F 
M 
F 

20.0-40.0 
20.0-40.0 
40.1-50.0 
40.1-50.0 
50.1-70.0 
50.1-70.0 

20.0-40.0 
20.0-40.0 
40.1-50.0 
40.1-50.0 
50.1-70.0 
50.1-70.0 " 

20.0-40.0 
20.0-40.0 
40.1-50.0 
40.1-50.0 
50.1-70.0 
50.1-70.0 

20.0-40.0 
20.0-40.0 
40.1-50.0 
40.1-50.0 
50.1-70.0 
50.1-70.0 

0.1364 
0.0797 
0.0303 

-o. 1532 
0.0008 
0.0549 

0.1176 
0.1384 
0.0844 
0.1327 
0.7776 
0.5996 

-0.2267 
0.1612 

-0.0383 
o. 2936 
0.1906 
0.8765 

~0.1003 
-0.5728 
-0.1016 
-0~5465 
-0.1014 
-0.6110 

0.9881 
1.0006 
0.7179 
0.2648 
0.4936 
9.8965 

0.9121 
0.9641 
0.8135 
0.9454 
0.4857 
0.6817 

0.9350 
0.971:4 
0 •. ;2786 
1.'2861 
o •. 5858 · 
0.:7020 

1~0019 
1.0134 
0.9707 
1.0354 
1. 0112 
0.9922 

0.9985*-i~ 
0.9994. 
0.9734*-lH 
0.4810 
0. 80 14~-:-~·;..,~ 
0.9944 

0.9943* 
0.9977 
0.9586* 
0.9411 
o. 7579* 

' 0.9529 

0.9962~~* 
0.9989 
0.4386*-l!-
0.7516 
o. 7062**-lt-
0.9620 

0.9994** 
0.9995 
0.9981** 
0~9971 
0.9996*** 
0.9964 

r = correlation co-efficient; * = no signi.ficant difference between sexes; ** = signi­
.ficant di.f.ference between sexes, P <..< o. 05; *** = significant difference between 
sexes, P <<0.01. 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 tl• 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 (Fig. 46) and 

the equations derived are as follows: 

~· hendersoni hendersoni ti.! hendersoni cacharensis 

d: Ex = 2.0984 En°• 9265 
(TL : 20.0-40.0 mm) 

d Ex = 0.6240 En°•2959 
(TL : 20.0-40.0 mm) 

<f' 
. Ex = 1. 7092 En°•8568 .. 1 . Ex = 1.9011 En°•9274 
• r . ( TL . 20.0-40.0 mm) (TL : 20.0-40.0 mm) . 

c: Ex = 2.3052 En°• 9713 1\ Ex = 0.7142 En°• 2512 
~""""" . "·~·· . (TL . 40.1-55 .. 0 mm) ( TL : 40.1 ~50.0 mm) • 

o· Ex = 1.0534 En°• 6416 c Ex = 0.9320 En°~4f5? l . (TL: 40.1-55~0·mm) + (TL : 40.1-50.0 mm) 

Q: Ex = 2.4016 En1•0016 6 . Ex = 1.0997 En°•4708 . 
(TL : 55.1-80.0 mm) ( TL : 50.1-'70.0 mm) 

~ Ex = 1. 6448 En 1.0473 9 . Ex = 185031 En°• 7149 . 
(TL . 55.1-so.o mm) ( TL : 50 • 1-70.0 mm) . 

· 3. 2. MATURITY AND SP Av.JNING: 

3.2.1. Gonadal Cycle: 

The histomorphological £eatures o£ reproductive system 

of both U· hend8rsoni hendersoni and U· hendersoni cacharensis 

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

I. a. Morphology: 

Bilobed testes are situated immediately beneath the 

he art 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 sa~ 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 po_st~riorly -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 cardia­

pyloric strand. From the posterior 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. 478). 

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 

descenas vertically downwards between the t~racic wall on the 

outer side and the flexor muscles of the abdomen on the inner 

(Fig. 47A). On ,reaching near the coxa of the last pair of 

walking legs, the vas deferens form a small club-shaped 

swelling, the vasicula serninalis, in which the spermatozoa are 

stored in the form of white compact bodies called the 

spermatophores. 



Fig.· 47: Diagrammatic representation of gonad morphology 

in tl• hendersoni hendersoni (de Man) 

A: Male lateral view : c., coxa of the fifth 

walking leg; c.'s.;, .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; 

t., testis;· v. d., vas defe.rns; 

v. s., vesicula seminalis. 

B: Dorsal view of testis : c., coxa; f., flap 

coveri.ng the male genital pore; m. g.p., male 

genital porep m. gcp~, male genital pore; 

t., testis; v.d., vas deferens; v.s., vesicula 

seminalis. 

C: Female lateral view : c., coxa oi the third 

walking leg; c.'s.,, cardiac stoma.cr,; 

f.m. 11 abdominal flexor muscles ex·~ending into 

the thorax; h., heart; h.p., hepatopancreas; 

o., ovary;; o~ d., oviduct; r. s •. 4 renal sac. 

D: Dorsal view of ovary : c., coxa; c,. s., median 

gap for cardiopyloric st.rand9 f~p ~ female 

genital pore; ov~, ovary; ov.df!, oviduct; 

s .. f sternum., 
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I. b. Histology of testis: 

Each testis is made up of numerous convoluted sirnini­

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 

different 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 mother cells or primary 

spermatogonia are the germ cells of first stage and are the 

largest of all. Each spermatogonium contains a thin rim of 

cytoplasm around a vesicular nucleus containing peripheral 

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 of them later on divide mitotically and 

give rise to the secondary ~ermatogonia that will differentiate 

into spermatocytesp 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 smaller than the primary ones and chromatin 

granules distributed homgeneously in nucleoplasm. These cells 
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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.e. Seasonal Cycle: 

The annual testicular cycle of ~· hendersoni JWP9ersoni 
can be divided into the following four stages on the basis of 

histomorphological characters: 

·stage I (October to December): The size and weight of testes 

gradually decreases reaching a minimum value in ~~~~£'; and 

December (Fig. 54). The testes are thin and translucant during 

these periods.. Some of the tubules have 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 cee.sation 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. 

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 



200 

produced in some of the tubules. A few residual sperms are 

still retained in the lumen of the tubules and almost disappear 

in March. Durtng 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 III (April-May): The testes have gr~atly increased in 

their size and weight, being maximum during April (~ig. 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 

fig. 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 defe.rens iB packed with seminal fluid. 



Fig. 48: Sections of testes of tl• hendersoni hendersoni 

(de Man) 

48.-1: Showing seminiferous tubules in May (Stage 

IV x 90. 

48.2: Showing tubules of posterior t~stis, the 

germirial area ( GA) is reduced x 40~ 

48.3: Tubules showing··primary (t-.:;u-) and secondary 

spermatogonia (SSG), July Specimen x 380. 

48.4: Showing dividing spermatogonia (SSG),; in .. :. · 

January x 600. 

48.5: Showing primary spermatocytes at S:Yl'lezesis ·­
Knot (SK) stage x 380 (GA, Germinal zone;.. 

L, Lumen;· RSG, Residual spermatogonia; 

s, Spenrisi TW, Tubular 'Wall).· 
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' Fig. 50: Sections of testes of tl• hendersoni hender§oni 

(de Man) 

50.10: Showing stage I in July x 90. · 

50. 11: Showing tubules filled with spennatogonia 

in December (Stage I) x 140. 

50.12: Shovdng tubules packed with spenn~tids. ,~ 

(ST) and spenns (s)· in May. (Sta.ge III) x 

90. 

(L, lumen; PSP, Primary Spermatocytes; 

RS, residual spenns; SPG, Spennatogonia; 

T, tubules). 



• 
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Both maturing and mature tubules are seen·- in the same section, 

Maturing tubules consist of dividing primary or seoonda.ry 

spermatocytes or spermatids and produce sperms a little later. 

Mature tubules undergo ~ermination 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 testes. 

-II. Female Elonad (Ovary): 

II.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, the ovaries appear as compact sickle-shaped 

structures (~ig. 47D) 1 closely approximating each other at both 

their anterior and posterior ends and leaving a gap in the 

middle for the passage of the cardia-pyloric strand. Like the 

testes, 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 ov~ries may extend 

into the first abdominal segment as well. Both the oviducts, 

are shorter in length but broader than the vasa deferentia. 

Each ov~d,uct originates from the ovary at about the middle of 
·' 

its outer border an~ presents a large lumen at its commencement. 



It then becomes narrow and pursues a vertically downward course, 

lying between the thoracic wall on the outer side and the 

flexor muscles of the abdomen on the inner (Fig. 47C). On 

reaching the ventral side of the body, each oviduct opens to 

the exterior on the inner side of the coxa of the third walking 

leg .(Fig. 47C). 

II.h.· Histology: 

The ovarian wall is continuous with ovarian stroma and 

is thicker during post-spawning period but becomes thin at 

maturing and mature stages of the ovary. · Ovarian stroma 

consists of connective tissue, muscle fibres and blood vessels, 

and is abundant during post-spawning period but greatly reduced 

in m?ture ovaries (Fig. 51.1). A germinal zone is present all 

along the centre of the ovary (Figs. 5 t·. 1, 51. 3). During early 

phase o.f maturation, the germinal zone consists of oogonia and 

young oocytes whereas the developing oocytes.are displaced tow 

towards outer region of the ovary (Fig ... 51.1). As maturity 

ady~ces the germinal zones become greatly reduced consisting of 

a f~w residual oogonia, the rest of the ovary is filled with 

}:p.aturing oocytes. Ooplasm is heaVily· .imp.11egnated with large ... 

yo~ globu,las .. and yol,lt vesicle~~-~-
.:· • .= .. ··.• .,· 

~ . ' 

II.c. Sea,~onal changes: 

The annual ovarian cycle can be conveniently divided 

into following four stages on the basis of histomorphoiogical 
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features of ovaries: 

i. Spawning and spent stage (May-September): During this 

period females carry their spawn attached onto their pleopods. 

Ovaries are small, smooth and cream colo1....1.red.. 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 mat~ing stage (October-November): Ovaries increase 

in size and are coloured deep yellow. Externally they appear 

granular owing to the preponderance 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 co lour. Large orange 

ova bulge out on the surface of ovaries. Tertiary vitellogenic 

oocytes are commonly present but a few seco.ndary 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 aver:=cge ova-diameter (Fig. 54). 



Fig~ 51: Histology of female gonad of t:l~ hendersoni 
. . . ~ . . 

hendersoni .<de .Man) 

5.1.1: Transverse section of ovary, June specimen 

X 40._ 

51.2: Section passing through ovi?-uct (OVD) 

X 40 •. 

51.3: L.s. of ovary showing germinal. zolle, (,Gz) 

X 140., .. 

51'.;4: Oogonium (OG) showing mitotic figure (MF), 

yoll-\: droplets ( YD) appear in peripheral 

ooplasm of primary vi tellogenic oocyte· 

(PVO) X 380. 

51.5: Showing pre-meiotic oocyte in germinal 

zone x 380 (DF, discharge follicle; 

GZ, genninal zone; OG, Oogo:nia.; OS, ovarian 

stroma; ov, ovary; OVW 9 ovarian wall; 

PMO, pre-meiotic oocytes; PO, pre-v:t.tello­

genic oocytes; PVO, primary "li tellogepic 

oocytes; SK, Synezesis Knot; SR, S~al 

receptacle). 
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Fig. 52: Histology of female gonad .of tl• hender~oni 

pendersoni (de Man) 

52. 6:. _. P rim13.ry vi telloge:hic oocyte showing yolk 

droplets (YD) ext~ti.ded towards p~rinuclear 

·region (PR). Displacement of nucleolus is 

due to mecha.nical disturbances during·.· 

section cutting x 140. 

52.7: An enlarged portion of above showing 

vacuoles (V) inside-yolk droplets (YD) 

x· 380. 

52.8: Yolk granules (YG)· and yolk vesicles (YV) 

in periphery of secondary vi teliog~nic 

oocyte x 70. 

52.9: Vacuolation of yolk droplets (YD) to form 

yolk· vesicles ( YV) x 380 •. 

52.10: Portion of secondary vi tellogenic oocyte 

showing light yolk grannules (YG)g .dark 

yolk droplets (YD) and yoik vesicles (YV) 

X 380.· 

. ( DF, di scha.rged follicle; FL,. follicular 

layer; N, nucleus; VM, vitelline membrane). 
'< 



-------

Fig .52 



Fig. 53: Histology. of the female gonad of £1• P...§ld;er>to~ 

hendersory. (de Man) 

.53.11: Secondary vi tellogenic ooqyte showing 

vacuolation of yolk droplets . (arrow) •' 

Perinuclear region is yoll(less x 40. 

53.,12: ~·Showing vacuolation (V) and eccentric 
-~ ' . 

· position of nucleolus (NL) x ;so. 

53,13: Secondary vi tellogenic oocyte showing 

yolk globules (YGL) and yolk vesic~es 

(YV). Yolk droplets ( YD) are in 

background·x 60. 

53.14: Tertiary vi tel·logenic oocyte filled 

with yolk globules (YGL) and yolk 

vesicles (YV). PerinucleB.r region (PR) 

is occupied by yolk x 60. 

53.15: · Ripe ovum filled with yolk globules 

(YGL) and yolk vesicles (YV) x 40. 

(FL; follicular layer; NM, nuclea~ 

memb~e; PR, f.er.i,nuclear region;· 

YG, yolk granules; YV, yolk vesicles). 



Fig .53 • 
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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 separately and has been presented in terms of their 

monthly fluctuations(Fig. 54). Gonad index is minimum in 
(" ___ ,....,_,.,.. . . . 
,o.J~~~~:I-December and reaches a peak in Apri.l and J.s J.n 

conformity with the histomorphological changes in the gonads. 

3.2.3. Size at first maturity: 

In both ~. hendersoni hendersoni and ~· hendersoni 

cacharensis, maturity first appeared in specimens belonging to 

length group 35.1~4o.o mm (Table 23). However, male populations 

are found to encounter faster maturity than the females. 

3.2.4. Courtship and mating: 

In two instances, the courtship and mating behaviour 

involving both male and female prawn, ~· hendersoni hendersoni 

in the laboratory aquarium was observed. At 09.30 hours the 

~emale 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 male ,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 (Jan,uary-March) • Principal breeding months 
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Tabte 23: Matuity percentage at various length groups of the 
two palaemonid pr~wns 

I I ' . I ' Immature Maturing 1 Mature Size group (mm)l Sex I 1-
I fA* B** A* B** I A* B** I 

15•0-20.0 m 100.0 100.0 
f 100.,0 100.0 

20.1-25.0 m 100.0 100.0 - -f 100 .• 0 100.0 -
25.1-30.0 m 85.0 75.0 15.0 25.0 

f 90.0 79.0 10.0 21.0 ... 

30. , .. 35 .o m 67.0 60.0 33.'0 ~ 40.0 
f 71.6. 66.0 28.4 34.0 - -

35.1-40.0 m 20.0 52.0 60.0 28.0 40.0 
f 21.5 56.5 63.0 22.0 37.0 

40.1-45.0 m 5.0 20.0 10.0 75.0 90.0 ,. f 7.6 ~ 24.0 12.0 68.4 88.0 

45.1-50.0 m 7.0 93.0 100.0 
f 8.6 3.0 91.4 97.0 

50.1-55.0 m - - - 100;0 100,0 
f - - 100.0 100,0 

. 0 

. 55.1-60.0 m 100.0 100~0 
f ... 100.0 

60.1-65.0 m 100.0 100.0 
f - 100.0 100.0 

65.1-70.0 m -· 100.0 100.0 
f 100.0 100.0 

70.1-75.0 m 100.0 -f 100.0 

75.1-80.0 m 100.0 -f 100.0 

· A* : Macrobrachium hendersoni hendersoni; B** = Macrobrachium 
hendersoni cacharens~s. m = ma.le; f = female. 

" 



Table 24: Percentage composition of breeding population of !:1· hendersoni hendersoni size group 
40.0-55.0 mm in different periods of the breeding cycle 

' ' .station A1 ' Station A2 ' Station A3 ' ' ' ' Breeding : Months' ' Cycle • : Frequ?ncy Male Female I Frequency Male Female : Frequency Male Female t 

' ' (%) (%) : (%) (%) : (%) ( %) 
' ' -

Pre- Jan.''79 4 100.0 oo.o 6 83.3 16.7 3 100.0 oo.o 
Breeding Feb. 12 83.3 16.7 9 77.8 22.2 2 100.0 oo.o 

Mar. 14 78.5 21 .. 5 15 so.o 20.0 5 so.o 20.0 
Apr. 15 73.3 25.5 9 66.7 33.3 7 85. 7 •jh, 3 

Principal May 14 57.1 42.9 15 53.3 46.·7 7 71.4 28< 6 
Breeding Jun. 16 62.5 37c5 16 62.,5 37.·5 6 66q7 3~5 .. 3 

Jul. 20 70.,0 30.0 21 61.9 38.1 9 66 .. 7 33.3 
Aug. 21 71.4 28.6 17 64.7 ·35.3 10 80.0 20,0 
Sep. 22 72.7 27.3 14 71.4 28.6 13 69.2 30.,8 
Oct. 9 77.8 22.2 14 78.6 21.4 9 7'1.:8 ?'; ," 

Post •-f·-" ~ 

Breeding Nov. 16 81 .. 3 18.7 19 78.9 21.1 3 100.0· oo.o 
Dec.; 6 100.0 oo.o 9 88.9 11.1 '4 75.0 25 .. 0 

Pre- Jan. 980 6 83.3 16.7 8 87.5 12.5 7 85.,7 1443 
Breeding Feb. 14 78.6 21.4 10 80.0 20.0 9 77.8 22,2 

Mar. 16 75.0 25.,0 14 78.6 21.4 13 76o9 23.1 
APr• 17 64.7 35.3 14 64.3 35.'7 21 66.7 33.3 

Principal ~~ 15 73.3 26.7 17 70.6 29.4 24 58.3 41.7 
17 64.7 35.3 18 50.0 50.0 15 60.0 40.0 

Breeding Jul: 25 66.7 33.3 23 43.4 56.6 21 '. 66.7- 33.3 
Aug. ~~ ~-2 ~a:g 18 84:~ ~:3 ~5 7~:·i ~~:8 
SP.u. 7 .o 17 
b6~~ ' 16.~ 14 ;,~ I 

28.6 13 84.6 15.1 Post l2 8~.3 h . ,.4 
Breeding Nov. 16 81 3 18. 87.0 ~o.o ~ 85.9 16. 

Dec. 9 77:8 22~2 8 .s 18.2. 5 so.o 20.0 



Table 25: Percentage composition offbreeding population of ~. hendersoni cacharensis size group 

40.1-50.0 mm in different periods of the breeding cycle 

; : Station B1 : Station B2 : Station B3 Breeding ; Months ' r ' 

Cycle ~ : Freq,.1ency f'1ale Female ; Frequency Male Female ; Frequency Male Female 
I 1 ( %) ( 90 : ( %) ( 26) : ( %2_ ( %) 

Pre­
Breeding 

Jan.' 79 
Feb. 
Mar. 

Apr. 
May 

. Principal Jnn. 
Breeding Jul. 

Post 
Breeding 

·Pre­
Breeding 

Aug. 
Sep. 

Oct. 
Nov. 
Dec. 

Jan.'1 80 
Feb. 
Mar. 

Apr. 
May 

Principal J nn. 
Breeding Jul. 

Post 
Breeding 

Aug. 
Sep. 

Oct. 
Nov. 
Dec. 

5 
9 

11 

14 
13 
18 
12 
14 
17 

7 
10 
14 

5 
11 
12 

11 
16 
18 
12 
14 
18 

I! 
',l 7 

10 
15 

80.0 
77.8 
72.7 

64.·3 
69.·2 
55.6 
66.7 
71.4 
76.5 

71.4 
100.0 
85.7 

80.0 
81.8 
83.3 

72.7 
68.8 
66.7 
72.·2 
64.'3 
72.2 

71.4 
80.0 
86.7 

20.0 
22.2 
27.3 

35.7 
30.8 
44.4 
33.7 
28.6 
23.5 

28.6 
oo.o 
14.3 

20.0 
18.2 
16.7 

27.3 
31.2 
33.3 
27.8 
35.7 
27.8 

28.6 
20.0 
13.3 

7 
14 
18 

19 
22 
23 
24 
35 
35 

11 
13 
11 

7 
14 
17 

19 
13 
18 
23 
43 
35 

12 
12 
10 

85.7 
78.6 
77.8 

73.6 
72.7 
65.2 
70.8 
71.4 
71.4 

72.7 
77.0 
90.9 

85.7 
85.7 
82.3 

78.9 
69.2 
61.1 
69.5 
76.7 
71.4 

75.0 
83.3 
90.0 

14.'3 
21.4 
22.2 

26.4 
27.3 
34.8 
29.>2 
28.6 
28.6 

27.3 
23.0 

9.;1 

14.3 
14.:3 
17.7 

21.i1 
30.8 
38.9 
30.5 
23.:3 
2B.i6 

25.0 
16.:7 
10.0 

7 
13 
18 

21 
24 
25 
25 
35 
36 

12 
18. 
14 

7 
14 
19 

22 
25 
27 
25 
36 
34 

13 
14 
15 

85.7 
84.6 
83.3 

81.0 
75.0 
64.0 
72.0 
71.·4 
69.4 

75.0 
83.3 
85.:7 

100.0 
78.5 
89.·5 

72.7 
64.0 
66.·7 
72.0 
69.4 
73.5 

76.9 
78.:6 
93.3 

14.3 
16.4 
16.7 

19 .. 0 
25.0 
36.0 
28.0 
28 .. 6 
30.6 

25.0 
16.7 
14.3 

oo.o 
21.5 
10.5 

27.3 
36.0 
33.3 
28.0 

. 30.6 
26.5 . 

23.1 
21.4 : 

6. 7. 

I\) 
~ 

..{::'-
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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 females is quite higher 

in both li,. hendersoni hendersoni and ri• hendersoni ca~harens,is. 

During the breeding season, the percentage composition of 

female comparatively increases to certain extent (Tables 24, 

25). 

The cycle of maturation and seasonal 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 bf active spawners. In ~· hendersoni hendersoni, the 

spawning period starts from the month of April to September 

while in ~· hender~ 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 

throughout the season. 

3.3. BROOD SIZE AND REPRODUCTIVE EFFORTS: 

The maximum brood size recorded for ~. hendersoni 

hendersoni and M. hendersoni cacharensis was 61 and 74 (n~; - - -....,___;'~ 

respectively. The sizes of eggs in the advanced developmental 

stages are larger 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" 



Stage II: 
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Strealts of pigmented (pitted) eyes noticed in the 

embryo. Eggs light green in colour. 

Stage III: The egg turned yellowish green with developed eyes, 

Occasional jerky movement of the embryo noticed 

just before hatching. 

The egg sizes of ~· hender~oni hendersoni are found to be 

larger than tl• hendersoni cacharen§is. The log of brood size 

shows significant positive linear correlations with the log of 

body length, weight, pleuron width, ovigerous setae number, 

oviposi ting setae number andpre-eyal egg volume (Table 26). In 

tl• hendersoni hendersoni, log of brood size also exhibited 

positively significant correlations with the eye ·pitted egg 

volume and eyed egg volume but the.se r-values were found to be 

marginal in~· hendersoni aacharensis (Table 26).· The 

observed brood size number against 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 pitted and eyed egg volume and their 

parabolic relationship has been obtained (Figs. 56, 5s). 
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Table 26: Regression equations (Log Y = Log a + b Log X) and their 
co-efficient correlations (r-values) of certain biological 

parameters of the berried prawn populations 

Parameters ~. hendersoni hendersoni ~. henderseni cacha£en§i§ 

Brood size ( Y) Log Y=O. 3288+0.8237 Log x 
Total body length(X) (r=0.8237) 

Brood size ( Y) Log Y=1.5437+0.8235 Log X 
Body weight (X) ( r=O. 9892) 

Brood size (Y) Log Y=1.9728+0.9952 Log X 
Pleuron width(X) (r=0.9884) 

Brood size ( Y) Log Y=0.'2551+0. 9078 Log X 
Ovigerous (r=0.9528) · · 
Setae number (X) · 

Brood size ( Y) Log Y=-0.0501+0.9590I..og X 
Ovipositing setae (r=o.gg16) 
number (X) 

Log Y=0.2695+0.9436 Log X 
(r=0~9782) 

Log Y=1.6664+0.9504 Log X 
(r=0.9803) 

Log Y=1.9542+0.8581 Log X 
( r=0.9517) 

Log Y=0.3077+0.9356 Log X 
(r=0.9831) 

Log Y=0.1795+0.8862 Log X 
. (r=0.9884) . 

Brood size (Y) Log· Y=1.3885+0.3878logX Log Y=1.6747+0.'2631 Log X 
Pre eyed egg (r=0.6281) (r:::0.-+992) 
Volume (X) 

Brood size (Y) Log Y=1.331+0.4121 Log X 
Eye pitted egg · (r=0.6122) 
volume (X) 

Log Y=1.6695+0.2317 Log X 
. (r=0.4694) 

Brood size (Y) Log Y=1.2189+0.4657 Log X Log Y=1.656B+0.2541 Log X 
Eyed egg volume(XJ (r=0.6252) · (r=0.4568) 

Brood size (Y) Log Y=7.4248-3.B201 Log X Log Y=9.6029-4.7957 Log X 
Relative brood size(X) (r:--0.8217) (r=-0.5277) 

Brood size ( Y) Log Y=-3.0035• 3.8105 log X Log Y=1.B422+0.·1552 Log X 
Relative brood weight(X) (r=-0.8284) (r=-0.5209) 

Relative broQd .Log Y=1.5437-0.1766 Log X Log Y=1.6664-0.0494 Log X 
size(Y) (r:::-0.8213) (r=-0.5143) 
Body weight( X) 

Relative brood Log Y=1.6081-0.1251 Log X Log Y=1.6938-0 ... 06231 Log X 
size (Y) (r---0.7845) (r=-0.8467) 
Pre-eyed egg Volume(X) 

Relative brood Log Y=1.6275-0.1348 Log X 
size (Y) (r=-0.7754) 
Eye pitted egg.volume(X) 

Relative brood Log ¥=1.6626-0.1500 Log X 
size ( Y) · (r~o. 7799) 
eyed egg volume(X) 

Log ¥=1-.6995-0.0631 Log X 
( r-~o .8489) 

Log Y=1. 7077-0.0655 Log X 
. . ( r=-0.8471) 
... 

• ! .,\ '. 
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3 ,4,i LARVAL DEVELOPMENT: 

In berried females, the pleopods showed constant 

movements. Though no records were maintained of the frequency 

of movements, it appeRred tnat there was an increase in the 

ra.te of pleopod movements as the time for hatching came nearer. 

Feeding of the berried females was necessary. In some cases, 

where the female were not supplied with food there was no 

hatching. 

3.4.1. Hatching: 

Hatching was a very slow and gradual process, only six 

or seven larvae hatched at a time arid about ten to fifteen 

larvae per day which continued over a period of three to twelve 

days. Comparatively, ~· hendersoni hendersoni took a longer 

period for hatching than ~. hendersoni cacharensis. On 

emergence through a ntear" in the egg membrane, the larvae were 

observed to crawl rather than swim u1.lik2 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 pleopods, 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~. hendersoni cacharensis, the situation varied to some 

extent, some of the larvae passively sank to the bottom of the 

vessel but within a. fevJ minutes they stArted s~ing, 

sheltering along the sides of the container. 



In both the palaemonid prawns, . f:l. hendersopi tirmdt;p;:§ora 
.. 

and tl• henderson! ci'acharensi~, it was interesting to observe 

that like in adults~ the chelate legs: particularly the 
-

conspicuously large second legs, _were used in feeding activities 

of the larvae. There were :some seasonal variations in hate hing 

period. The eggs of berried females of ~· .b&nde~~ henderson! 

of May 1980 batch took 4 to 6 days to hatch after extrusion bu-b· 

in females that came in berry in late September 1980, the 

hatching period varied from 3 to 8 days. In case of 

,11. -hencier.Soiii. cach.arensls •. the eggs of berried females of May 

1980 batch took 5 days to hatch after extrusion but in September 

1980 group, the hatching period varied from 3 to 10 days. 

3,4.-2. Description of larval stages: 
''· . . .. •'. 

In: M.ACROBRACHiuM HEl\lDERSb"f;fr HENDER.SbNI (de MAN) : 

I. First l~rval stage (Fi~:' 59) 

Carapace length = 3.3 mm; Abdominal length = 4. 3 rmn 

Description (Fig. 59): Carapace smooth except for a prominent 

antenna.l spine followed posteriorly by a smaller spine which 

probably represents the future hepatic spine~ though 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; Mid-rib prominent and 

slightly curved. Rostral formula 6/2; No postorbital teeth. 

Ey.:gs large, stalked, completely free from carapace unlike the 

sessile eyes of the first stage of other known larvae of the 

genus, Macro-brachium. 
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Antennul.e (Fig.59.d): As in adult, peduncle.3-segmented; both 

styloceri te and antero-lateral spines prominent,. sharply 

pointed; Basal segment With a ventral ~ine 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 m.irmte 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; antennal peduncle (aodopod)carrying plumose 

setae. 

Mandible (Fig. 59 .• !1: 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. 

Palp absent. 

Maxilla I (Fig. 59.g): Structurally like that of adult, ~ut 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. 

r•:.2cd.lla II ( Fig.59~ h.): Like in adult except for the .endi tes 

being less setose, coxal. with 4 and basal with 7 denticles. Palp 

with one small marginal seta; scaphognathi te fringed with about 
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42 plumose setae. 

All.three maxillipeds resemble th.oseo:f adult·but th.e 

.flagellar portion o.f exopods still· retains long plumose 

netatory setae. 

Ma,xilliped I (Fig. 59.1): The two endites of portopod lru~ge 

and armed with only a few small tuburoles. 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. 

Max.illiped II (Fig. 59.j): Endopod 5 segmented, incurved, ,exopod 

flagella.[' with 4 netatory setae; Futur.e podobranch represented 

by gill bud. 

Maxilliped III (Fig. 59.k): Endopod less setose than in adult. 

Exopod. with 4 netatory setae, .1:-'eaching to the tip of the basal 
. . 

s,egment of .endopod. A rudimentary epipod present. 

J?ereiopods (Figs. 59.1-p): Resemble those of adults; 1st and .~·:v:d 
- !- -

pairs chelate, smooth except .for presence of a few setae, 1st 
' 

being much smaller than the 2nd •. 2nd cheliped like in adults 

prominently larger than all the remairi.ing pereiopods. ~rd to 

5th pereiopods similar, with a narrow ~inted dactylus but the 

terminal spines being much longer than in adults; also propodal 

spines of adult yet to develop; .r~menta,ry pleurobranches 
.. '·,., 

present one each on all pereiopods. 
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Abdomen (Fig. 59.a): 6-segmented; 1st to 5th segments smooth, 

but 5th with 2 delicate hairs postero-laterallY; 6th with the 

do~solateral spines of adult in addition to 2 characteristic 

short plumose setae posteriorly .• 

Pleopods (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 exopod in length 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 3-4 minute 

hooks on all pleopods except the 1st; Exopod setae 7-9 on 1st 

and 10-15 on remaining pleopods. 

Telson (Fig. 59. q): Characteristic, almost z::>eal, 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 

pereiopods; violet-brovmish 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. 



Time for 1st moult: 2 daY$ 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 lengtb: 4.8 mm. 

_Description (Fig. 60.a): Rostrum more setose than in 1st stage 
.. 

particularly on lower margin, rostral formula 7/2; Eyes large 

with cylindrical ·stalks and completely force from carapace; The 

d,ensity;,-Qi.' the .. chroniatophores decreased. 
'·. - ~-. -~ 

Antennula (Fig. 60.9,): With 2 ·fused basal segments of outer 
' .. · -

; :·· .: . 

flagellum; statocys.t more expanded. 
. l .. . .···:.·.'· :. ·_ ...... ' 

Antenna (Fi,;g., 60.:e): External· spine of basiceri te now more 

sharp and :prominent ·resembling that ~f aduJ.t. Flagellum with 

addition of 5-6:.. segments. 
. : . ; ' . ·:. \ . : i 

Mandible (Fig. 60. f): _ With 4 sharp sub~equal teeth on incisor 

and 2-3 blunt tooth like projections on molar process; palp not 

yet developed. 

Maxillae and maxillipeC\,§ (Figs. 60. g-k):. Become more setose 

like in adult. 

Pereiopods (Figs. 60.1-p): No appreciable change except for 
- -

propodus of last 3 legs now bearing more delicate spines on its 

posterior margin. 
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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; long, narrow, 

rectangular with slightly convex posterior margin. Of the 20-

26 processes in previous stage, the first 8 now become spines 

gradually increasing in size distalwards and shifted on either 

lateral margin. Posterior margin with 15 :;J.,J.mose setae. 

Uropod§ (Fig. 60.q): Well-developed .and functional protopod with 

a .sharp 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 mm• , Abdominal length: 5.2 mm. 

Description (Fig. 61.a & c): No change in rostrum; the future 

hepatic spine shifted little upwards towards antennal spine; 

eyes unchanged. 

Antennule (Fig. 61.d): Flageller segments increased in number 

13 on the inner; 14 on longer branch of outer. Smaller branch 

of oute.;-:> flagellum with 4 aesthetascs arranged. 

Antenna (Fig. 61ce): No change except for increase in number of 

flageller segments to about 46. 
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telaon uith uropod; r, a, t : 1st, second and 

fifth pleopod). 
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Mandible, (Fig. 61. f): With more molar projections; palp still 

absent, 

Maxillae and maxillipeds: No apprecial change except for 

increase in number of setae and epipod of 1st maxilliped (Fig, 

6·1,1) broadening s.lightly, resembling that of adult. 

Pereiopods: Only change in pereoiopods is increase in numoer 
. . "!!· 

of setae, especially on 1st pereiopods(Fig. 61.1). 

Abdomen and r leopods (Fig. 61. a, r, s}: 

stage • 

. 

Almost as in previous 

Telson (Fig. 61.q): 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 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. 

ln: MACROBRACHIUM HENDERSONI CACHAREN~Is 

First larval stage (Fig. 62) 

Carapace length : 2.5 mm; Abdominal length : 3.6 rnm. 

DescripJ;~ (Fig~ 62.a & b): Carapace with prominent antennal 

and branchiostegal spines7 rostral formula 6/3? eyes large, 
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stalked; completely free from carapace; onromatopbores 

concentrated mostly near abdominal ~egion; antenna and mouth 

parts developed; five pairs of peretopods present; abdomen with 

six segments and with five pairs of p~eopods; telson_ separated 

from 6th abdominal segments. 

A.ntennule (Fig. 62.d): Peduncle 3-segmented; outer flagellum 

with two aesthetes and inner long spine like setae; inner margin 

of the antennular peduncle with thirteen plumose setae, three of 

them encircling the terminal segment of peduncle; 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 m1d molar processes marked from 

each other; incisor process with one tooth and two denticles ru1d 

molar process with two denticles. 

r1ax:illa I (Fig. 62. g): Endopod bifid; proximal lacinia "'ti th 4 

spines and distal with one spine. 

Naxilla II (Fig. 62. h): Exopod with 26 plumose setae along its 

margin, the hindmost seta along and direct ba~wards, endopods 

with a single setae at its extremity; endopod carrying three 

.masticat~ry processes, 1st with four, 2nd with three and 3rd 

v.,ri th two setae. 
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M~llipeds (Fig. 62.1-k): Three pairs of well-developed 

biramous maxillipeds with setose expedites; basal segment of 

1st maxilliped expanding and carrying short and thick 

endopodite, a bud~like epipodite also present; maxillipeds II 

and III almost identical. 

Pereiopods (Fig. 62,1-p): Five pairs of pereiopods present; 

segmentation between its articles not distinct; cnalae of 

pereiopods 1st and 2nd faintly marked; few setae appearing on 

the .segments of 3rd to 5th pereiopods. 

Pleopods (Fig. 62.r): Five pairs of biramous pleopods; each 

pleopod 2 segmented. 

Telsgn (Fig. 62.q): Characteristic, 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 or8nge red chromatophore also situated at 

the base of telson. 
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~e. !or 1st moult: 2 daYs in observation I (May, ,gao), 
1-2 days in observation II (Se!"te!m'h~r, ~il80), 

II. Second Larval stage (Fig. 63) 

Carapace length: 2. 9 rmn; Abdominal leng-:..h: 4,0 mm, 

Description (Fig. 63.a & b): Carapace developed witn an 

epigasteral hump, well developed supra-orbital, branchiostegal 

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 curved; 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. 

Antennule (Fig. 63. d):. Antennular peduncle expanded and 

3- segmented; both styloceri te 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~ longer 

branch with 15 segments bearing minute setae. 

Antenna (Fig. 63. e) : As in adult with 3- segmented peduncles, 

·wel],. dev~loped scale and long flagellum (consisting of about 40 
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segments), but the spine of basioerite rather blunt. 

Mandible (Fig. 63.!): 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 

ac1ul t; pulp absent. 

Maxilla.! (Fig. 63.g): Structurally like that of adult, but the 

coxal and basal endites with only 1 and 3 large + 2 small teeth 

respectively. Palp distinctly bilobed, the upper lobe narrow 

and tub.ular while the lower broader, bearing a small seta. 

Maxilla 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 endi tes of protopod large 

and armed with only a few small tubercles; Endopod or palp 

unsegmented, reaching up to scale-like basal ~rtion 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 III (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 e:;>ipod present. 

Pereiopo4.§ (Fig. 63.1-p): Resemble those ol' adults; ~stand 2nd 

pairs chelate, smooth except for presence of a few setae, 1st 

being much smaller than the 2nd; Like in adul t:-:; 1 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 plumose 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; 

2t1d to 5th with endopods reaching nore 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 eeen 

through the telson cuticle. 

Time for 2nd moult: 2 days in observation I (May, 1980) and 

21"'4 da.Ys in observation II (September, 1980). 



III. Third larval stage (Post-larva): 

Carapace length: 3.3 mm; Abdominal length: 4.2 mm. 

Desoription(Fig. 64a):; Rostrtun more setosr~ than in 2nd sta.ge 

particularly on lower margin. Eyes large wi tl1 oylind.ricaJ. 

stalks and completely free from carapace,, Cc)rnea unlike in 

adult not broader than stalk. 

Antennule (Fig. 64.d): Statocyst seen at the more expanded 

base of antennular peduncle, sensorial setae arranged them­

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): 4 3 sharp sub-equal teeth on incisor and 
... 

2-3 blunt teeth like projections on molar processes; palp not 

yet developed. 

Maxillae (Fig. 64.~. h): and Maxillineds (Fig, 64.i-k): More 

setose and developed like adult. 

Pereiopods (Fig. 64.1-p): No appreciable change except for 

propodus of the legs now bearing more delicate spines on its 



posterior margin. 

Abdomen (Fig. 64. a): 6th segment now wi"th 3 pairs of 

posterolateral setae; no onange in pleopods. 
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'I'el§,Qn (Fig. 64. q): Still unlike that of aJul t. Now long, 

narrow, rectangular with slightly convex posterior margin. Out 

of the 26 processes in previous stage, the f.i..rst 3 + 3 now 

become spines gradually increasing in size distalwards and 

shifted on either lateral 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 
' 

2-4 days in observation II (September, 1980). 

IV. Juvenile stage (Fig. 65): 

Carapace length: 3.8 mm; 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. 

Antennale (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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Aetepna (Fig. 65.a); No change except !or inoreaae in number 
-

of flagellar segments to about 53, 

M~'blfi (Fig. 65. th Only more molar projectional pe.lp absent. 

Maxillae and m~llipeds: No appreciable change axoept for 

increase in number of setae and epipod of 1st ma.xilllped (Fig. 

65,i) broadening slightly, resembling that of adult, 

Pereiopods: Only change is increase in number of setae, 

especially on 1st and 2nd pereiopods (Fig. 65.l,m). 

Abdomen and Pleopods: Almost as in previous stage, 

Telson (Fig. 65.q): 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 st.raight. 

Unropods (Fig •. 65. q): Slightly increased in length, over 

reaching telson as in adult. 

3.5. FOOD AND FEEDING HABITS: 

Both ~. hendersoni hendersoni and ~. hendersoni 

cacl::larensis are omniverous in terms of their food habits. The 
.. 

chelate legs picl<. up the food and t8.ke it to the mouth, the 
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second and third pairs of maxillipedes held tne food in 

position for the mandibles to cut the food into small pieces by 

their incisor processes; then food is transferred to the mouth. 

In the mouth cavity the molar processes of mandibles orush the 

food which goes to the cardiac stomach through the oesophagus. 

The observation on the monthly fluctuations in feeding 

intensity of both £:1. hendersoni hendersoni and £:1. hender§Qni 

cacharengis were based on their Gastro Somatic Index (G.S.I.) 

values, and a·re illustrated in the figure 67. The fluctuations 

of G.s.r. values in different size groups of the prawns, have 

als6 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: tl• HENDERSONI HENDERSONI (de MM~) 

3.5.a. 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 

species or even the genus to which the dl~f2~cnt 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 ~p., Cymbella spp., 

Amphora~., ·Navicula~., Frustulia sp., Nitzschia~., 

Gomphonema sp., Fragillaria sp. 

Filamentous algae: 

Lvngbva sp., Oscillatoria ~·, Anabaena sp., Nostoc 

sp., Spirogvra sp., Cladophora sp. 

Other algae: . 

Ankistrodesmus sp., Closterium sp~, Cosmarium ~., 

Coelastrum sp., Pediastrum sp., Micrasterias sp., Staurstrum sp., 

Ni trurn sp., Ochromonas 5Pe, Chlor?botrvs sp., Mallomonas sp. 
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Mosses and pl~nt matter: 

Co~iste:lla sp., DichelYffi§ sp. • FrontiX)ilis sp. • 

Micromitrium sp., Hydr±l'&sp., t:emna ~., CeretgpQ.¥l}eWJl sp., 
also some unidentified plant leaves. 

Nematodes: 

Lebronema sp., Diplogasters sp., Chronogaster sp., also 

some more unidentified Diplogasterid type. 

Oligochaetes: 

Chaetogaster sp., Branchiodrilus sp., Limnodrilus sp., 

Pheretima sp., also .few more unidentified forms. 

Crustaceans: 

Branchionus sp., Keratella sp., Polyarthra sp., Cxpris 

sp., Cyclops sp., Moina sp., Daphnia sp. 

Insects: 

Baetis spp., Caenis sp., Microgomphus sp., RhY[!2CYpha 

sp., Arnphinemoura sp., Hydrometra sp., Limnometra sp., 

Metrocoris spp., .Micronecta sp., Ramphocorixa sp., Leptocella 

sp., Oecetis sp., Chironommus sp., Simulium sp. 

3.5.a. 2. Monthly fluctuations in the foregut contents: 

The percentage composition of different food items in 

the foregut and in the ·water sarnple fluctuated considerably and 

in certain months ·the percentage composition of· certain food 
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Table 27: Honthly fluctuations in th,e average gastro-somatic index 
(G.S,I.) 

---..------------··~-~0,.---------------
M. hendersoni hendersoni : 

Months i Siz; groups (x;un) . i 

Jan.' 79 
Feb. 
Mar. 
Apr. 
fllay 
Jun. 

Jul. 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 
Jan. 1 80 
Feb. 
Mar. 
Apr. 
May 
Jun. 

Jul. 
Aug. 
Sep. 
Oct. 
Nov. 
Dec. 

: 20 • o-4o. o : 4o • 1-5 5 • o I 55 • 1-so • o : 

1.9467 
2,0874 
2.8468 
3.4267 
2.9424 
3.0467 
2.8027 
2.9674 
2. 7468 

2.8092 
2.9426 
2.0456 
2.0456 
2.1427 

2.8643 
3.4679 
2 .• 9672 
3.0742 
2.8264 
2.8742 
2. 7526 
2.8342 
2.9267 
2.0844 

2.4456 

2.6672 
2.9866 
3.8424 
3.0514 

'2.9426 
3.0011 
2. 9824 
2.5467 

2. 9524 
2. 3064 
2.4016 

2.4592 
2 .. 6478 
3.0674 

3.9226 
3.1423 
2.9327 
3.0247 
2.9959 
2.5267 
2.9424 
2.3166 
2.4134 

2G1762 
2,2674 
2.6406 

3.1245 
3.0866 

3.4267 
2.9041 
3.0244 
2.6445 
2.4898 

2.3864 
2.4142 
2.1966 
2.2734 
2.6523 
3.1496 
3.1042 
3.4867 
2,8564 
3.0082 
2. 7462 
2.4147 
2.3627 
2.4006 

~· hendersoni cacharen§is 
Size groups (min) 

' 1 20o0-40,0~40,1-50,0I50,1-70,0 

2. 6742 

2.9456 
3.4562 
3.9384 
3.0452 
3.1674 
2.8946 

3.0855 
2.8466 

2.9622 
3.0524 
2.8641 

2.5933 
2.8642 

3.4365 
3.8642 
3.0522 
3.1987 
2.9646 
3.1162 
2.t 7869 
2.9432. 
3.07.34 
2.9404 

2.5842 

2e6236 

3.5872 
4.0564 

3. 2463 
3. 6741 
3. 7242 
3. 6072 
3.0567 

2.9856 
3.0674 
3.1498 
2. 6023 
2. 6436 
3.6696 
4. 1102 

3.3233 
3. 7024 

'3.5422 

3.8192 
3., 2239 
2.9498 
3.0749 
3. 1197 

2.6424 
2,8646 

3.4896 
3.8842 
3.6426 

3.7234 
3.6825 
3.8423 
2.9544 

3.4425 
2.9724 
2.8968 
2.7196 
2.9122 
3.3426 

3.7798 
3.6802 
3,5402 
3. 7106 
3.8808 
3.0824 

3.3472 
2.9844 
2.9064 



246 

items exhibited higher values in the gut than in the water 

samples (Figs. 68~ 69)o 

Diatoms were encountered in thG 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) 

i:h 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, 1 979) 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% (April, 1980) to 10"0% (June, 1980) and from 

4.5% (May, 1979) to 10.2% (July, 1980) in the w~ter srunple and 



0 6 . ~ 
M. hendersoni htndersoni 

I· I I I I I I I I I I I I 1 1 1 1 J 

M. htndersonl cachartnsl\ 

6·0 0 d' .d'&~ . ~ 

2·0 

I · 0 

0·0 L J I I I I I t I t I I I I I 1 1 l I I l J 

J FMAMJJASONDJ FMAMJ JASOND 
1979 1980 

1 ·o 

F1g.6?. Monthty fluctuations •n th• gastro-som•tlc 
index. (G.S.I) 



30 

2 0 

0 WATER S.AMPLE 
• FORE '-UT 

CRUSTACEANS 

~[ () r1 [) rl [) [) rl [J rl [I [)I ~ [I [) [J rl [J f} rl [I rl [J rl dl 

MOSSES AND PLANT MATTER 
30 

"' 20 
L&J 

I 

"' 
~ 
~~~~~~J~~~~~J~~~~~J~~~~~ 

,1 0 
c.!) 

0 
<( 

~ 30 OTHER ALGAE 1-

z 2 0 

w • 0 

u 0 ~~~~~~~~~~~~~~~~~~~~~~~~ 
z 

w 

u 
a:: 

FILAMENTOUS ALGAE l30 a: 

L&J 

Cl. 

rl [I~~~ rl rl r1 cl ~ [J [I [J [J ~ ~ ~ cl cl [I rl ~ rl rlj::: 
30 

2i~~~~~~~~~~~~i~~~~~~~~~~~ 
J FM AMJ J AS 0 N OJ FM AMJ J AS 0 N D 

1979 1980 

Fig.68. Monthly fluctuations of the food items in the water sample 
and in the fore gut of M. hendersoni hendersoni <De Man) 



.., 

.. 

0 WATER SAMPlE MISCELLANEOUS . 

• :R:u:_ .... eM .... n. "" ,_ C'W! - - ...- ...- _. ...- ...- ca n. ,.... a- n.. - .-1 o 
SAND AND Sl L TS 

J~JJJJJJJJJJ~~JJJJJJJJJJ 
NEMATODES 

~~~~~~~~~·~~~~~~~~~~~~~~~ 
DETRITUS 

~ ~ [J ~ [I [I ~ ~ ~ ~ ~ ~ ~ ·~ [J [I [J [I ~ ~ ~ ~ ~ ~· 
OLIGOCHAETES 

~~~~~J~~ ~~~~~J~~ 

:~~~~~II~·~ fi rl rl ~ ~~·~ ~·~ rJ ~ fl fi rl r1 ~ ~ 
J F M A MJ J AS 0 N 0 J F M A MJ J AS 0 N D 

1979 1960 

Fi9.69. Monthly fluctuations of the food items in tht water sample 
' . and in tht- fore.gut of M. hendersoni hendersoni- <De Man) 

30 

20 w 

1 0 \!) 

-< 

1-

z 

w 

u 

r
o: 
0 

A. 

0 



250 

foregut respectively. The percentage composition of namatodes 

fluctuated from 3.0 (May, 1979) to 10.8 (Febr~~ry, 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 sample and the foregut of the individual prawn 

respectively. The insect group made up from 9.8% (May, 1980) 

to a maximum of 30.0% (December, 1980) a~c 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 

(September, 1979) and 0.4 (October, 1980) to 2.1 (June, 1980) 

in the water sample 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 i terns among 

the individuals of three different size groups (Total length: 

20.0-4o.o.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: 



251 

Size group I (20,0-40,0 mm): The percentage composition of 

different food items i,e, 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 15,0 

(June) to 25.0 (December), 4.2 (February) to 9.6 (October), 

5.0 (February) to 9.6 (March), 1,8 (February) 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), 0,4 (Nay) 

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 

Co. 79%). 

Size &£2UQ II (40.1-55,0 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 

respective range of 9.6 (July) to 20.8 (December), 5.2 (February) 

to 18,6 (f-'Iay) 9 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 
I 

10,2 (February), 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 (J"tme) and 0,4 (January) to 1.2 (.::)eptember) in th.e 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 matt2r (6.00%), 

oligochaetes (4.54%) and miscellaneous group (0.67%). 

pize 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 (t-1ay), 4. 2 (November) to 9.0 

(January), 4.0 (December) to 9.2 (April), 7.6 (June) to 25.0 

(February), 4. 2 (May) to 8.,6 (September), 6.0 0'lay) 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 silt 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,b. In: M. HENDERSON! CACHARENSIS -
3.5.b, 1. Composition of foregut contents: 

Percentage composition of different food items in 

the foregut. is illustrated in !ig~e 66, The most relatively 

dominant item calculated was the insects (12.90%) and the rests 

in terms of their descending order were: diatoms ( 12.6'796), 

filamentous algae (11.92%), detritus (11.42%), other algae 

( 11.3496), sand and silt particles (9.36%), crustaceans (9.0%), 

nematodes (8.98%), mosses and plant matters (6.66%), 

oligochaetes (5.40%) and miscellaneous group (0.3596). 

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, ~. hendersoni 
... 

oaoharensis would indicate the diverse nature of its food: 

Diatoms: 

Melosira spp., Achnanthes spp., Amphora sp,, 

CXffibella spp. , Navicula spp. , P inularia sp. , Frustulia sp., 
0 

Nitzschia sp., Gomphonema sp., Surirella sp., Fragillaria sp., 
Sznedra sp., Neidium sp., and Tabellaria sp. 

Filamentous a~gae: 

Anabaena sp., Nostoc sp., Lyugbya sp., Oscillatoria 

sp., Scffizothrix 5Pp Calothrix sp., Ulothrix sp., Cladophora 
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sp., Oedogonium sp., Spirogvra sp. and ~vgnem1 sp •. 

Other algae: 

Ankistrodesmus sp., Scendesmus sp., Cosmarium spp., 

Closterium spp., Micrasterias sp., Staur.s.~trum sp., G:tmnod.!W 
sp., Ochromonas spp., Dinobrvon sp., Mallamonas spp. 

Mosses and plant matter: 

Coli stella sP·, Chiloscyghus sp., Fissidens sp., 

Frontalis sp., Hypophila sp., Micromitrium sp., Cladopodiella 

sp., Hvdrilla sp., Lemna sp., Myriophyllum sp., Wolffia sp., 
Glochidion sp., Quercus sp., also some unidentified plant 

leaves. 

Nematodes: 

Lebronema sp., Aphelenchoides sp., Diplogaster sp., 
.. 

Chronogaster sp., al·so some more u..."lidentified Diplogasteried 

type. 

0 ligoc haete s: 

Chaetogaster sp., Stylaria sp. ~ hb.D.t;.'1odrilus sp,, 

Pheretima sp., also few more unidentified forms~ 

Crustaceans: 

Branchionus sp., Keratella sp., Asplanchna sp., 
Polvarthra sp., Testudinella sp., Cypris spp., CyclOJ?S spp., 

Moina sp., Daphnia sp. and Semoce.~J~al.J:l.§. sp. 
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Insects! 

Baetis sp., f.§~ct?...~JQ,~.Q sp., ~§nia sp., Neopefla. sp., 
Hydrometra sp., Limnometra sp .. , Micronecta sp., Chrima.rra sp., 
Rarnphocorixa sp., Leptocella sp., Oecetis sp., Pseph.enus, sp., 
Enoch.rus sp., Chironomus sp., Simulium sp., Limonia sp. and 

Hexatoma sp. 

3.5. b. 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 

items exhibited their higher values in the gut than in the water 

samples (Figs. 70, 71)~ 

The fluctuations in the percentage composition of 

diatoms ranged from 7.5 (JQ~e, 1980) to 20.6 (December, 1980) 

and from 10.2 (June, 1979) to 16~0 (December, 1980) in the water 

sample and foregut of the individual prawn respectively. The 

filamentous algae made up in the range of 5.0% (January, 1980) 

to 17.0 (May, 1979) and 8.0 (December, 1980) to 17.78% (May, 

1979) while other algae occurred in the range of 8.2% (December,: 

198P) to 16.2% (April, 1979) and 8.33% (July, 1979) to 15.56% 

(May, 1979) in the water sample and foregut of the individual 

prawn respectively (Fig. 70). 

The percentage composition of the mosses and other 

plant matter fluctuated from 2"0 ( ... :uly, 1980) to the maximum of 

11.0 (May, 1980) and f.i."Oiil 1.8 (March, 1~79) to the maximum of 
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11,11 {September, 1979) while the detritus .fluctuated in the 

range of 6~8 (May, 1980) to 25.0 (December, 1979) and 5.9 (May, 

1979) to 17.5 (December, 1979) in the water sample and foregut 

of the individual prawn respectively. The namatodes made up 

from 4.0% (October, 1979) to 15.0% (February, 1979) and from 

5.2% {August, 1980) to the 13.0% {December, 1980) while the 

oligochaetes contributed in range of 2.8% (September, 1980) to 

12.4% (July, 1980) and 4.44% (May, 1979) to 10.42% (July, 1979) 

in the water sample and the foregut of the individual prawn 

respectively. Oligochaetes were not available during the month 

of December to March in both the annual cycle (Fig. 71). 

The fluctuations in the percentage composition of 

crustaceans ranged from 1.50 (December, 1980) to 15.,6 (June, 

1980) and from 2.0 (December, 1980) to 14.0 (April, 1980) wb..i.le 

the insects ranged from 7.8 (July, 1980) to 25.0 (December, 

1979) and from 7.2 (August, 1980) to 18.75 (December, 1979) in 

the water sample and the foregut of the individual prawn 

respectively. The sand and silt particles fluctuated in the 

range of 0.2% (October, 1980) to 5.6% (July, 1979) and 5.3% 

(November, 1980) to 17.6% (August, 1980) while the 

miscellaneous group fluctuated in the range of 0.6% (January, 

1980) to 2.4% (August, 1979) and o,3% \March, 1979) to 1.1% 

(August, 1980) in the water sam:ple ~9- +oregut of the indivi­

dual prawn respectively. 
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3.·5b.' 3. Monthly fluctun.tions of the food composition in 

three different size groups of tl• henderso~ 

cacharensis. 

The relative importr-ui.c e of different food i terns Flrnong 

th.G individuals of tl1re12 different size· groups ( Totnl length.: 

20,0-40,0 mm, 40,1-50,0 mm F1nd 50.1-80,0 mm) in terms of their 

percentr-t.ge compos! tion, h;:1ve been presented in the Table 29. 

SFl.l.:lent feF.Jtures of the observations for one annool cycle 

(Jrmun.ry-December, 1979) is described below: 

SiAe grouo I ( 20.0-40.0 mm): The percentage composition of 

different food i terns i.e. di:"l.toms, filamentous algF.J.e, other 

alg:"l.e, mosses and plant mA.tter, detritus, nem::~todes, 

oligochaetes, crustaceans, insects, sand F.l.lld silt particles, and 

the miscellF.l.lleous group fluctuated in the range of 11.8 (April) 

to 21.0 (December), 8, 3 (February) to 13.5 (August), 8,·6 

(November) to 12,0 (May), 0.2 (MRrch) to 7.6 (September), ,4.D 

{r-1A.y) to 27.6 (October), 6.6 (May) to 13.8 (December), 0,0 

(December-March) to 9,2 (July), 2j.4 (December) to 9.4 (April), 

2.·4 (July) to 4.2 (December), 4.6 (October) to 24.3 (June) And 

0,1 (January) to 1.4 (r~ril) in the foregut of the individU01 

prn.wn respectively. The most relatively dominant food i tern 

calculated out the detritus (20,16%) and the rest in terms of 

their descending order were: Sand and silt particles (15.7%), 

diatoms (14,03%), other a.lg::1.e (9.12%), filamentous A.lgae (9.07%), 

nem:3.todes ( 7. 95%), crustaceans (5.58%), oligochaetes (4.97%), 

mosses and plant matter (3.62%), insects (3.15%) and 
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miscellaneous group (0.36%). 

Siz~ gro;up II (40,1-50,0 mm): The percentage composition of 

diatom~, filamentous algae, other algae, mosses and plant 

matter, detritus, nematodes, oiigochaetes, crustaceans, insects, 

sand and silt particles, and the miscellaneous group fluctuated. 

in the range of 10.8 (July) to 17.9 (February), 8,8 (February) 

to 14.8 (May), 9.0 (July) to 16,0 (May), 2.9 (March) to 10,6 

(July), 6,5 (May) to 16.8 (December), 6,0 (April) to 13.2 

(December), o.o (December-March) to 8.6 (July), 3.0 (December) 

to 13.6 (March), 7.2 (August) to 18,4 (December), 2.9 (March) 

to 16,0 (August) and 0.2 (March) to 1.0 (August) in the fore­

gut of the individual pra.vm respectively. The most relatively 

dominant food item calculated out was the diatoms (13.49%) and 

the rest 1n terms of their descending order were: detritus 

(12.5%), insects (12.48%), filamentous algae (11.97%), other 

algae (11.43%), nematodes (9.18%), crustaceans (8.93%), mosses 

and plant matter (7.30%), sand and silt particles (6.90%) and 

miscellaneous group (0,55%). 

Size group III (50.1-70,0 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 10.5 (June) to 16.6 (December), 9.0 (February) to 15.0 

(May), 9.6 (July) to 15.6 (May), 3n0 (March) to 11.2 (July), 

6.6 (May) to 17.1 (October), 6.5 (April) ·to 12.8 (December), 

o.o (December-March) to 9.0 (July), 3.2 (December) to 14.0 



Table29 1 Monthly fluctuations J.n th& parcen~aga compoa1 t1on o! d1!!arant food items J.n three atza groups 

o! !:!.· n~nd~r~~ c~char~n§1; (Tiwari). 

Food Items (") 
Montha Size 

1979 group Diatoms F1l8.lllentoua Other Mosses & Detritus Nematoda a Oligochastsa Cruetaceana Inaeota Send & Miao . .tla~ 
algae algae plant Silts naous 

matter 

1 15.0 9.0 9.2 3.2 27.0 8,0 3.4 4.0 21.0 0.1 
Jan. 2 17.7 9.4 9.8 7.6 16.0 10.8 7,8 12,0 8,4 0,5 

3 12.7 9.6 10.0 7.4 15,8 11.0 7.5 18,4 7.0 o.~ 

1 16.0 8.3 8.8 2.0 27.4 9.0 6,0 3.8 18,4 o.i Feb. 2 17.9 8,8 9.2 6.4 16.5 11.2 8,8 12.4 8.2 o. 
3 13.0 9.0 10.5 7.0 16.2 11,6 9.0 18,5 4.6 o; 

1 12.8 9.6 9.8· 0.2 22.0 7.2 4,6 8,5 3.5 21.7 0,3 
Mar. 2 11.6 13.0 12.4 2.9 12.0 10.2 5.2 13.6 16,0 2.9 0,2 

3 11.2 13.2 12.8 3.0 11,6 10.7 5.0 14.0 15.8 2.7 o., 

1 11.8 9.0 9.6 1.5 18.5 6.6 4,8 9.4 3,4 24.0 1.4 
Apr. 2 12.0 13,4 12.0 4.2 8,0 6.0 5.8 12.0 16.6 5.4 0,4 

3 11.2 14,0 13.2 s.o 8.4 6.5 6.0 13.0 17.0 5.7 0.5 

1 16.6 11,0 12,0 3.0 14.0 6.5 4.9 8,0 3.2 20.0 0,6 
May 2 14.3 14.8 16,0 5.8 6.5 8,4 5,6 10,8· 12.2 5.0 0.6 

3 13.4 15.0 15,6 6.4 6.6 8.6 5.4 11.0 12.6 5.0 0,4 

, 12.4 9.4 10,5 4.0 16,0 6.8 7.6 6;7 2,4 24.3 0,2 
JW.. 2 10.8 14,2 14,5 9.6 7.6 8,6 8,0 9.2 9•7 7.0 o.8 

.3 10,5 14,6 15,0 10.6 7.8 8,8 8,2 9.4 9o'8 4,8 0,, 

1 13.6 8,5 8,7 ·2.6 17.2 8.5 9.2 7,0 3.0 21.0 0,, 
Jul. 2 11,8 10,6 9.0 10.6 9.8 '1.8 8,6 11,0 10,·3 10.0 0,5 

3 11.6 9.6 9.6 11.2 9.6 7.5 9.0 11.4 10,6 9.2 0.7 

1 14,5 13.5 9.0 4.6 16.6 6,6 7.5 5.8 2,15 17.0 0,2 
Aug. 2 1).0 14,0 10.5 6.4 11.2 7.9 7.3 6.5 7.2 16.0 1.0 

3 12.8 14,2 11,0 7.2 12.0 8.0 7,0 7.0 7.4 12.0 1.4 

1 16.0 10.5 10,5 7.6 19.8 8.8 7.6 5.4 3.6 10.0 0,2 

Sept. 2 12,0 12.4 11.6 10.4 14.0 8,0 7.4 8,6 8,4 7.4 0,6 

3 12.4 12, 1 12,0 10,8 14.2 8,2 7.4 9.0 9.6 3.5 o.8 

1 14.0 11,0 11,0 6.8 27.6 8,4 8.6 5.5 3.2 4,6 0.3 
Oct. 2 11.2 14.0 12.0 8.5 16.4 7.8 7.6 8,8 8,8 4.2 0.7 

3 11.0 14,2 12.0 8.0 17.1 8,1 7,8 8,6 10,0 2.8 0,4 

1 16,0 8,4 8.6 4.0 24.5 9.6 a.8 3;6 3.4 1,3.0 0,2 

Nov. 2 12.8 9.7 9.8 7. 2 14.5 10,0 8,0 E,8 17.4 3.0 0,8 

3 12.4 10,2 10,4 7.4 14.0 9,4 8,2 7.2 18.·2 2,0 0,6 

1 21,0 7,8 9.0 6,8 27.2 13,8 2,4 4,•2 7.6 0.2 

l>eo. 2 16.4 9.0 10.0 7.8 16.8 13.2 ) 3.0 18,4 5.0 0.4 

3 16.6 9.5 10,8 8.0 13.8 12.8 3.2 19.8 2 .. 2 1,0 

1 • Size group, 20,0-40,0 mm; 2 - Size group, 40,1-50.0 .... , 3 - Size group, 50.1-70,0 .... 



(March), 7.4 (August) to. 19.8 (December), 2 •. 0 (November) to. 

12.0 (August) and 0.3 (January) to 1.4 (August) in the foregut 

of the individual prawn respectively. The most relatively 

dominant food item calculated out was the insects (14 .. 05%) and 

the rest in terms of their descending magnitude were: diatoms 

( 12.47%), filamentous algae ( 12. 14%), other algae ( 11. 98%), 

detritus (11.97%), nematodes (9.32%), crustaceans (9.23%), 

mosses and plant materials (7.70%), oligochaetes (5.36%), sand 

and silt particles (5.12%) and miscellaneous group (0.62%). 

3.6. DIGESTIVE PHYSIOLOGY~!-: 

3.6.1. pH measurement: The various enzymes function optimally 

at different hydrogen ion concentrations. The medium is weakly 

acidic in mouth, oesophagus and pyloric stomach while it is 

distinctly acidic in the hepatopancreas and cardiac stomach. The · 

medium was found to be alkaline in the intestine and rectum. A 

few prawns were starved for about four days by keeping them in 

filtered water and slight increase in the concentration of 

acidity and alkalinity were observed (Table 30a, b). In another 

experiment, a few starved prawns were fed on some selective diet 

and the pH of the different parts of the digestive tract was 

measured. It was found to be almost similar to that of normal 

fed ones. 

3~ 6. 2. Qualitative estimr:.tion of enzymes: The incubated 

solutions were t,:;;sted for the different enzymes after cli.fferent 

:;? -·-· -
Published in J', Mi.::ghal.s.ya Sci. soc1 ~ t380, 4: 9-15. 
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Table 30a: pH in various regions of the alimentary canal of normal 
feeding pra\ffi, tl• hendersoni henderson! (de Man) 

Sl. Mouth uesophagus Cardiac Pyloric Intestine Rectum· Hepato .. 
No, stomach stomach pancreas 

1.i 6.2 6.1 4.5 6.6 7.4 8.4 5.8 
2. 6.5 6.4 4.4 6.7 7.5 8.5 5.9 
3.· 6.3 6.3 4.2 6.4 7.4 8.4 5.9 
4. 6 ... 3 6.2 4.2 6.5 7.3 8.5 5.8 
5. 6,4 6,3 4.4 6.6 7,)!· 8.5 5.9 

Average 
,pH 6.34 6.26 4.34 6,56 7.40 8.46 5.86 

Table 30b: pH in various regions of the alimentary canal of 
f.1. hendersoni hendersoni (de Man) after starvation 

.. -~. 
. ··.·.·~ .. 

Sl. Cardiac Pyloric •' Hepato-.. ··. ·.-
Rectum No. Mouth Oesophagus stomach stomach ~nt'estine pancreas 

1.· 6,t 6.0 4.3 6.3 7.1 8,:1 5.2 
2. 6.1 6.1 4.2 6.3 7.1 8.1 5.2 
3. 6 •. ,0 6.0 4.3 6.4 7.2 8.2 5.1 
4. 6.2 5.9 4.1 6.3 7.3 8.2 5.1 
5. 6 1 .... 6.0 4.2 6.2 7.2 8.2 5.3 

Average 
pH 6,10 6,00 4.22 6.30 7.18 8.16 5.18 



265 

Table 31: Qualitative estimation of digestive enzymes present in th.e 

hepatopancreas of ~. henderson! henderson! (de Man) 

Sl.l 
No.\ 

t Substrate 

: Duration of reaction and :Control 
' extent of digestion 1

1 t-
: after after after I after 

1 

2 

3 
4 
5 
6 
7 
8 

9 
10 

' I 
I 

' ; 24 hrs 48 hrs 96 hrs 48 hrs 

1% starch solution + + + 

5% Sucrose solution + ++ 

2% Maltose solution .... 
2% Lactose solution 

1% ~ffinose solution - + + 

1% Inulin sol~tion + + 

1% Salic.LYl. solution 

Saturated Glycogen + + + 
solution 

10% Gelatin solution 

Condensed milk 

experiment 

after. 
96 hrs 

-.. 

--

Table 32: Quali t8.ti ve estimation of digestive enzymes present in the 

oesophagus of ~. hendersoni hendersoni (de Man) 

Sl.: r:· Duration of reaction and l Control experiment 1-' 
No.I Substrate 

I extent of digestion I 
I I 

I I after ' I after after after after I I I 

' I 24 hrs 48 hrs 96 hrs l 48 hrs 96 hrs I I 

1 1% starch solution + + + - - -· 
2 5% Sucrose . solution + + 

3 ·2% Maltose solution '+ + 

4. 2% Lactose solution + + + - - -
5 1% Raffinose solution + :. + + - - -
6 1% Inulin solution 

7 1% Salicin solution + + + 

8 Saturated Glyc;ogen + + + 
solution 

9 10% Gelatin solution 
10 Condensed milk 

++, an intensive reaction; +9 definite positive reaction; ~only a 

trace of reaction; -~ no reaction. 



Table 33: Qualitative estimation o! digestive enzymes present in the 
stomach of ti• h.endepsqni l'VUld.?rsoi)i (de Man) 

Sl.: 
No.I Substrate 

; Duration of reaction and : 
: extent of digestion : 
! after after after ! ' I 

' I l : 24 hrs 48 hrs 96 hrs ·: 

1 1% starch solution 
2 5% Sucrose solution 
3 2% Maltose solution 
4 2% Lactose solution 
5 
6 

7 
8 

1% Raffinose solution + -1% InUlin solution 
1% Salicin solution 
SaturBted Glycogen + 
solution 

+ 

+ 
+ 

+ -

+ 

+ 

+ 
+ 

-
+ 

... 
+ 

+ 

Control experiment 

a!ter 
48 hrs. 

after 
96 hrs 

-

... 
-
-

9 10% Gelatin solution 
10 Condensed milk Colour changes to yellow No change 

Table 34: Qualitative estimation of digestive enzymes present in the 
intestine of M. hendersoni hendersoni (de Man) .... . 

Sl.: : Duration of reaction and : 
: extent of digestion : No.: Substrate 

1 

2 

3 
4 
5 
6 

7 
8 

9 
10 

' I 
' I ! after after after ! 
I : 24 hrs 48 hrs 96 hrs ; 

1% ·starch solution 
5% Sucrose solution • + + -2% Maltose solution -
2% Lactose solution 
1% Raffinose sQllroton -
1% Inulin solution + + 

1% Salican solution -
Saturated Glycogen + + + 
solution 
10% Gelatin solution + + + 
Condensed milk No change in colour 

Control 

after 
48 hrs 

experiment 

after 
96 hrs 

-

No .change 

++, an intensive reaction; +, definite positive reaction; !. only a 
trace of reaction~ -, no reaction. 
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intervals and tne results are depicted in tne taoles 31, 32, 

33, and 34 respectively, Table 31 snows t~at most of the 

carbohydrates were digested by the enzymes seoreted by the 

hepatopancreas. The inulinase and raffinase are less active 

and takes more time for complete hydrolysis, The !at digesting 

enzymes are· lacking in the hepatopancreas of ~· henger;oni 

hendersoni (de Man). 

Experiments with the digestive juice of the oesophagus 

revealed that amaylase, invertase, raffinase and glycogenase 

are the only enzymes present in this part of the gut (Table 32), 

T~ble 33 indicates th~t the presence of fat and protein 

digesting enzymes is the characteristic of the somach. However, 

other enzymes are also represented. 

Table 34 shows that very few enzymes like inulinase, 

glycogenase and also some proteases are present in the 

intestine of !:!,. hendersoni hendersoni (de Man) •. Similar 

experiments were conducted with the extracts of rectum and it 

was observed that no enzyme is present here. 

3.7. NEURO-ENDOCRINE REGULATION OF BLOOD CHLORIDE*: 

The blood chloride content in the normal animals 

(2.55 ~ 0.21 mg/ml) decreased significantly (P 0,01) by 54~0% 

( 1. 35 :!:. o. 32 mg/ml) within 24 hr. after eye stalk ablation. The 

chloride content increased gradually on injection of eye stalk 

extracts and reached that of almost normal level (2.22 :!:. o.os 
mg/ml) after about 24 hr. (Fig. 72) • 

. *In: Ind.an J. Phy. Nat. Sci., 1983 (in pre.ss) •. 
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4.1. Sexual dimo.rphism: 

In Malacostraca, the fir0t post-embryonic stages oanr~t 

be sexed by internal or external morphology (Nagamine and 

Knight, 1980). In the present study a similar situation also 

exists. The sexual dimorphism in terms of growth size was 

reported in a. riverine prawn, Macrobrachium chione (Smith) by 

Rruesdale and Mermilliod (1979). Data from the present study 

reveal that in both ~. hendersoni hender§oni (de Man) and 

tl• henderso~ cacharensis also a similar trend exists (Fig. 43). 

The sexual dimophism (Fig. 44) in terms of the allometric 

growth in the pleuron width could be an aid to form larger 

br0od chamber as Nagamine and Knight (1980) has also studied in 

~· rosenbergii (de Man). 

The sexually dimorphic endopods of the first pair of 

pleopods of both tl· hendersoni hendersoni and tl• hendersoni 

cacharensis are very similar in morphology to the same endopods 

of other species of Macrobrachium, e.g., tl• rosenbergii 

(Nagamine and Knight, 1980) and tl~ malcolmsonii (Patwardhan, 

1937) and other Plaemonidae, e.g., Palaemon serratus (Huguet, 

1967), E· elegans (Hoglund, 1943) and Palaemonetes varians 

(Antheunisse et al., 1968). Bauer (1976) demonstrated that the -- . 

specialized first and second endopods of the males of the 

hippolytid shrimp, Heptaca£PUS pictus (Simpson) aid in 

trans£erring, spermatophores to the female during copulation. A 

similar function for the $Pecialized endopods of male palaernonids 

probably exists.· In female Palaemonids, it has been demonstrated 



that the specialized first parir.of endopods propel tne newly 

laid eggs into the brood chamber (Hoglund, 1943; Burkenroa~, 

1947). 

In both ~· henderson! hendersoni and ~. hends£§0~ 

cacharensis the mature· male chelipeds develop by a positive 

allometric growth of their five distal articles. .Although 

other investigators have reported similar conclusions for other 

species (Henderson andNatthai, 1910; Cowles, 1914; Nagamine 

and Knight, 1980) both Misra ( 1959) and Koshy ( 1973) have 

reported that 'a similar growth pattern did not exist. Thus 

different growth patterns for the chelipeds exist in the genus. 

Observations in our laboratory and elsewhere (John, 1957; Rao, 

1965) have demonstrated that mature male chelipeds are used for 

intra- and interspecific aggression. In both M. henderson! -
henderson! and tl·· henderson! cacharensis males are territorial. 

Mnture females, soon after the preparturial moult, are extremely 

active, and it is probable that this activity.aids the female in 

seeking out a suitable mate. Thus, if a male and a female that 

have completed · her prepaturial moult, are placed on opposite 

sides of an aquarium divided by a screen partition, the male is 

usuallY inactive, whereas the female continuously swims and 

crawls around the edges of the aquarium. Aft2r the partition is 

removed, the-female's apparently random movements bring her into 

contact with the male. It is only after this contact that the 

male becomes active and mating ensues. After mating, the 

female 9 still re1rl8.ins soft and thus susoeptible to predati.on and 

conspecif.io aggregation, and us\l.ally rGmains in the terri tory of 

the male And retreats to him if thr~atened. Similar behaviour 'WaS 
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reported for tl• ~ustraliense (Ruello !1 !!•• 1973). Natural 

selection for larger male chelipeds probably occurs since males 

with the largest chelipeds are presumably most effective in 

fending off competing males, aggressive conspecifics, and 

predators, and thus are probably able to mate with more female 

and produce more progeny. 

Thampy and John ( 1973) have noted a correlation 

between size of the androgenic gland and "hyPertrophy" of male 

chelipeds and appendices masculinae during the breeding season 

of li• ~(Heller). . The stimulus to develop mature male 

chelipeds and appendices masculinae is due to the androgenic 
\.' 

gland hormone (Nagamine and Knight, 1977). From observations 

on the attachment of eggs and spermatophores, and on one 

occasion, of spawning, we concluded that the functions of the 

various setal groups are the same as for Palaemon elegans with 

one ·~ception, the setae on the posterior sternum of the 

cephalothorax <Hoglund's Group V). In E· elegans this setal 

group is 'thT 'site of attachment of spermatophores. Hogllmd 

( 1943) was- of the opinion that that the setae aided in fertili-

zation of the eggs by acting as a sperm laden "drapery" which 

the eggs must contact in their passage to the brood chamber. 

In both M. -hendersoni hendersoni and M. hendersoni cacharensis, 
- , - 0 

spermatophores are attached to the exoskeleton between the third 

petiopods and are not associated with these setae in any way. 

Thus, i.n the present study, this setal group probably has no 

function in the fertilization process and may simply aid in 

guiding the eggs into the brood chamber as Nagamine and Knight 
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(1980) also reported in ti• ~£UPergii" (de Man), 

4,2, Maturity and $pawning: · 

In.the testes of crustaceans studied so far, the 

spermatogonic cells are confined-in descrete bodies which are 

variously described as cysts,_ cl_uster, seminift:rous tabules or· 

lobules eac~ containing germ cells at different stages of 

spermatogenesis (Binford, 1913;. Fasten, ·i92o; Baker and Rosof, 

1927; Ryan,. 1967; Gupta and Chatterjee,. 1976) or at the same 

stage of maturation (Iyer, 1933; Wotfe, 1971; Wielgus, 1976), 
I 

In Callinectes sapidus (Cronin, 1947), Portunus sanguinolentus 

(Ryan,. 1967), Paratelphusa masoniana (Vasisht and Relan, 1971) 

and Sc:t:lla serata (Gupta and Chatterjee, 1976) tes~_~§ J1.3.ve ...... . 

severai lobes and their seminiforerous lobules open into a 

-branched (Cronin, 1947) .or .unbranched. seminiferous duct (Ryan, 

1967). This duct continues posteriorly as vas deferens. In 

Mac.robrachiurri hendersoni· henderso!'hh, the testes are not 

lobulated and contain nUmerous seminiferOus tubules having germ 

cell at various stages of spermatogenesis." The-tubules ·become 

narrower towards ·posterior· side of the testis~ where their germ 

cell area 'is reduced·'or absent.--·. These tUbules ap.pear to open 

directly- into. the vas de_ferens •. Binford (1913) and Gupta and 

Chatterjee, ( 1976) observed the presence of both spermatocytes 

and spermatids in the .same ·tubule. - Cron;tn '( 1947) · and Gupta and 

Chat-t;;~rj~e. '( 197.q). found that all the· sperm~-tocytes .. of a tup)..).le 

occur, at the s£rn~ sta,gE; of di_:fJere:nJ;iation~ . In t:!,. hender s6nl 

hendersoni i;[1:~_J!l.eiotic· division occurs more or les·s-

' . 
'. 

': ·.·.' 



273 

synchronously, as the individual maturing tubule contains 

either spermatids or only one type of spermatocytes which occur 

at approximately __ tJ1e same.· stage oi· dii:t'~rentiation. 

The decapod sperm is bicentrosomal or tricentrosomal 

and aflagellated consisting of a head or nucleus and a vesicle 

variously described as primary vesicle (Fasten, 1926), · 

mi tochondriat vesicle· (l;Jath, 1932; Dhillon,. 1966) or. acrosomal 

vesicle (Brown, 1966; Langreth, 1969). In tl• hendersoni · 

hendersoni also the sperm is aflagellate consisting of a head 

and a mitochondrial vesicle which encloses an axial filament 

and distal centrosome. 

There is a paucity of information regarding the origin 

of new crop of germ cells in crustacean testes. . ~ ·. A !_e.Y' primary 

spermatogonial ~ells (Binford, 1913) or residual spermqtogonia 
I . -

(Aoto, 1952) whicq remained undiffer,enti.ated till the 

spermatogenesis is over, undergo divisions shortly after 

spermiation so as to produce .a new batch of secondary ·sr:>ermato-

gonia. 

In ~. hendersoni hendersoni also some undifferentiated 

or resting spermatogonia are found throughout the year. It 

appears that after spermiation the new crop of germ cells is 

suppl'ied by the division of' such existing germ cells. 

· The testes of ll· hendersoni hendersoni undergo seasonal 

histomorphological changes assocj_ated with change in testicular 

weight. The measurement of male gonad index revealed two types 
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of ~pa~ng patterns among decapoda. In continuous breeders 

like Penaeus indicus ($ubrahmanyam, 1963) and ~ortun~§ 

pelagicus (Rahman, 1967), the male .gonad index was found 

constant throughout the year whereas in Charybdi~ vatieg§ta 

(Chandran, 1968) and Barytelphusa cunicularis (Diwan and 

Nagabhushanam, 1974) which breed discontinuously, d~finite 

peaks in gonad index were observed. Histological studies 

revealed the presence of both continuous (Baker and Rosof,1927; 

Spalding, 1942; Black, 1966; Ryan, 1967; Haley, 1973) and 

discontinuous spermatogenetic cycle (Black, 1966; C~ba and 

Honma, 1972; Wielgus, 1976) in crustaceans. Such variation in 

the testicular activity may be due to the genetic differences 

and the local ecological conditions (Joshi and Khanna, 1982). 

tl• hendersoni hendersoni shows discontinuous spermatogenetic 

cycle. Spermatogenesis begins during January-February, 

progresses slowly through March, reaching a peak in April or 

May. However, all the tubules do not mature at the same time, 

as both·maturing and mature tubules become filled with sperms 

whereas maturing tubules consist of dividing spermatocytes or 

spermatids which produce sperms a little later during the 

prolonged breeding season (April-Sep.tember). Thus, results in 

the production of sperms in successiVe waves and spermiation 

start before all the tubules are fully packed with sperms. The 

mature tubules undergo spermiations in May or June. Tubules 

soon <'tfter evacuation of sperms undergo spermatogonial 

proliferation. In other tubules of the same section of testis, 

meiosis is still continued. The production of sperms in 

successive wA.ves. during season indicates that one male prawn 
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attempts to copulate more than once in a single breeding season, 

This seems to be advanta.geous since the fertilization is 

internal in ~. henderso~ henderson!. Diwan and Nagabhushanam 

( 1974) reported long resting phase in the reproductive cycle of 

Barytelphusa cunicularis. In ~. hendersoni hendersoni the 

spermatogenesis slows down gradually from July onwards and 

almost ceases by November. The testes enter a brief period of 

rest during December. In Pachygrapsus cr·assipus also 

spermatogenesis continues for a longer period during post 

spawning period as a result the recovery phase takes place 

gradually (Chiba and Honma, 1972). 

The females reproductive organs of ~· hendersoni 

hendersoni are built on same general plan as observed in other 

decapods by Hartnell (1968), Vasisht and Relan (1971) and Chiba 

and Honma (1971). Several decapods possess a germinal zone in 

the centre of ovary (Kessel, 1968; Hinach and Cone, 1969; 

Rouquette, 1970; Laulier and Demeusy, 1974; Rao ~ ~., 1981) 

whereas in others the germinal zone is peripheral (Cronin, 1942; 

King, 1948) or is in the form of nests of germ cells distributed 

throughout the ovary (Weitzman, 1966), In !1• hendersoni 

hendersoni the germinal zone occurs at the centre of ovary. 

Little is known about the origin of new crop of germ 

cell in adult decapods. It is generally agreed that the new 

crop of germ cells arises by division of existing oogonia. In 

Gecarcinus lateralis (Weitzman, 1966) and Pachygrapsus 

mormoratus (Rouqu.:.t~,~~ 1:~70) oogonial mitosis occurs throughout 
--: :· .. , 

;~·. ''. 
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th.e year. In ~· hende:.t'iont h.ender~onj,, tne resting oogonia. or 

residual oogonia occur throughout the year but they divide 

shortly after ovulation and produce a new drop of oogonia cells 

for further growth of ovaries, a~ obse~ed by Aoto (1952) and 

Laulier and Demeusy (1974) in other decapods. 

The pro~ess of yolk formation varies considerably in 

different decapods. The yolk vesicles and. yolk globules in the 

oocyte of M. hendersoni hendersoni correspond with fatty yolk -
vacuoles and proteinous yolk bodies of Carcinus maenas (Harvey, 

1929), Macrobrachium lamarrei and Paratelphusa spinigera (Bhatia 

and Nath, 1931) and E· hydrodromous (Vasisht and Relan, 1971). 

Bhatia and Nath {1931) observed that the fatty yolk vacuoles 

appear initially at the peripheral ooplasm while the protein 

yolk bodies near perinuclear region. In the shrimp, 

Chirocephalus bundyi (Linder, 1959) the fatty yolk droplets and 

proteinous yolk granules first appear in the central region of 

ooplasm. In ~· hendersoni hendersoni both yolk vesicles and 

yolk granules first appear at peripheral ooplasm and then extend 

progressively towards perinuclear region as has also been 

observed by Harvey (1929) in Carcinus maenas. The source of 

yolk material differs in various species of crustaceans 

according to several authors. Generally -~he yolk is formed from 

both extra oocyte sources (Perinuclear endoplasmic reticulum and 

Golgi bodies) in collaboration with nucleolar extrusions (Kessel, 

1968; Hinsch and Cone, 1969; Hinsch, 1970; Dhainaut ~d 

Leersynder, 1976) and extra oocyte sources (yolk precursors are 

incorporated from haemolymph into ooplasm) by diffU$ion through, 
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dollioular cell layer (Linder, 1959; Beams and Kessell, 

1963) or by micropinooytosis at oocyte surface (Hinson and 

Cone, 1969; Dhainaut and Leersunder, 1976). The nuoleolus 

during vitellogenesis undergoes progressive increase in 

size and show vacuolation (Harvey, 1929; Hinsch, 1970; 

Dhainaut and Leersyrider, 1976). The nucleolar ex~ons 

of granules which pass into ooplasm are beli ved to take 

p'art in yolk formation (endogenous yollt) in crabs (Harvey, 

1929; Bhatia and Nath, 1931; Hinsch, 1970). In tl• hend,erjG£\1 

hendersoni, neither the nucleolar granules were seen nor 

the nucleolus was found moved into the ooplasm. Although 

the increase in the size of nucleolus, its eccentric 

position and progressive vacualationp nothing can be said 

about its functions in the absence of direct evidence. 

Seasonal gonad index studies revealed that the 

breeding cycle in prawns and other decapods varies widely, 

even in species having close taxonomic relationships or simi­

lar ecological niches, i.e., 1) continuous breeder around the 

year (Boolootian ~ ~.,1959; Knudsen,1964; Rahm~1967; 

Badaw.i,1975), ii) seasonal breeders having one spawning season 
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(Boolootian ~ ~., 1959; Hartnell, 1963; Otsu, 1963; Knudsen, 

1964; Diwan and Nagabhushanam, 1974; Bomirski and Klek, 1974; 

Badawi~ 1975) or two distinct ~awning seasons (Knudsen, 1964; 

Chandran, 1968; Adiyodi, 1968; Goldstein and Lauria, 1975). The 

palaemonid prawn, tl• hendersoni hendersoni is a seasonal 

breeder, as all.the oocytes in the ovaries become fully mature 

at the onset of breeding season. Observation on the maturity 

studies indicated that the maximum ripe incl..ividuals of both 

tl• hendersoni hendersoni and !i· hendersoni cacharensis were 

available in April which were also reflected in gonad index and 

thereafter the gonad index declined indicating the onset of 

breeding season. The size at first maturity (Table 23) is 

smaller in M. hendersoni hendersoni than M. hendersoni 
. - -

cacharensis and this could atttibuted to the temperature 

differences of the two habitats (Sharma and Tiwari, 1978). Data 

on the sex ratio reveals the increase of the percentage 

composition of female in co~respondence to the males during the 

breeding season and a similar situation was also reported by 

~jyalakshmi (1980~ in~~ malcolmsonii from Godavari river. 

4.3. Brood size and Reproductive efforts: 

It is evident from the observation that there is an 

increasingly linear relationship between the total length of 

female and the brood size (Table 26) in both l\lacrobracll.iurn 

hendersoni hendersoni · and M. hendersoni cacharensis. A 

similar relationship was observed in~. lamarrei (Katre, 1976). 

However, within the same size groups of both prawn populations, 



279 

there appears to be variations in the brood size of the 

individual female (Figs. 55-57). In the present study for both 

the populat~ons the log-log relationship between brood size and 

body weight found to be linear. Such linear relationship 

between fecundity and fish body weight has already been reported 

by several workers (Sarojini, 1957; Pillay, 1958; Kandler, 1959; 

Baxter, 1959; Bridger, 1961; Gupta, 1968; Varghese, 1961, 1973, 

1976). 

The positively significant correlations between the 

brood sizes and the ovigerous as well as ovipositing setae 

(Fig. 55) in the present study support the functions put 

forward by Nagamine and Knight ( 1980) for these breeding 

structures in tl• rosenbergii (de Man). Antheunisse ~ ~.(1968) 

while describing the breeding dresses of Palaemonetes varians 

in agreement with Hoglund (1943), also referred that ·it is just 

at the moment of egg laying that all of special breeding setae 

perform their real function. That is, they help in forming the 

closed incubation chamber for the short period before the cement 

has hardened. Thi~ is probably their principal purpose and not 

that of egg protection (as thought by Solloud, 1923). For, 

Hogland very properly noted that in the characteristic spawning 

postion the pleopods without breeding setae should not fit 

closely enough to form an egg tight chamber. There are, in 

fact several gaps through which eggs could pass. It is by 

closing up these gaps that the breeding setae perform their 

function. The largest gap is between the fith pereiopod and the 

first pleopod. The female's second pleura begin to widen at the 
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maturing stage and provides an extra space for the brood chamber, 

thereafter, accomodating large number of eggs. This-situation is 

also reflected in our present findings (Fig. 56). The brood 

chamber is a permanent structure, i·f --onC-e it is fo . .nne<1· (Nagami.ne 

and Knight, 1980) ·• 

Cody (1966) wrote of the "Principle of Allocation" as 

follows: "It is possible to think of organisms as having a 

certain limited amount of time or energy available for 

expenditure; and of natural selection as that force which 

operates in the allocations of .this time or energy in a way 

which maximizes the contribution of a genotype to following 

generations. This manner of treatment of problems concerning 

the Fl.daptation of phenotypes is called the Principle of 

Allocation, and one of its applications might be the formulation 

of a general theory to account for clutch size in birds". It is 

apparent that it does not mean the simple relationship among the 

amounts of time or energy allocated for different requirements, 

but rather the recognition of the rea~ization of one pattern of 

alloc~tion as a strategy for successful reproduction. If the 

amount of energy or substance which can be allocated by a female 

to the next generation in the form of reproductive matter, that 

is eggs produced, can not exceed a certain level, a larger 

rel~tive brood size can only be attained by reducing egg size. 

This situation was more prevalent in JVI. hendersoni cacharensis 
- . 

than~. hendersoni hendersoni (Fig. 58). The mean egg volumes 

are ~lso found to be inversely proportional to the relative 

brood size. However, the brood size exhibited significantly 
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positive correlations with the egg volumes of three different 

stages. This suggests the high reproductive efficiencies 

exhibited by the two prawn populations in relation to their 

lotic habitat (Nishino, 1980). The intraspecific differences 

in egg size has been little,noticed for freshwater shrimps and 

Kamita (1961) denied its occurrence £or Palaemon paucidens. 

Kubo (1942) recognizes two groups of species of the genus 

Leander (- Palaemon) in Japan and adjacent areas in terms of 

egg size. The large egg group includes Palaemon paucidens, 

E· miyadii and ~· modestus, all freshwater species, and all the 

small egg group comprises marine and brackish species. The 

intraspecific variations in the egg volume (Figs. 57 & 58) in 

both !::1,. hender,soni henderson! and tl• hendersoni cacharensis, is 

in conformity with findings of Nishin~ (1980) in Palaemon 

paucidens from Japan. The pattern of intraspecific variation 

in egg size in E_. pauaidens appears to be characteristic. Egg 

size remains constant within any population except that from 

Lake Ohnuma, and displays great variation among the population. 

In fish, both cases are known, where egg size varies with body 

size, as in rainbow trout (Kato, 1975) and cat fish (Davis, 

1977), or remains constc:mt, as in some species of cichlids 

(Fryer and Ides, 1972), within a population. In the case of 

rainbow trout (Kato, 1975), egg sizes are relatively similar 

only within a year cl8ss. Azuma (1973) reported the variation 

in egg size between the popul:"l.tion of the ayu-fish, Plecoglossus 

~velis, but in this case egg size varies with body size 

within a population. By _comparison of three local populations 
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of a goby, Tridentige£ obsculus, Kishi (1978) concludes that 

egg size of each population remains almost constant regardless 

of female body size, but the egg size apd body size of the 

female in the lake population are decisively smaller than those 

from the river and estaury populations. 

Ba.rnes and Barnes (1965) reported that the egg of 

boreo-arctic species are remarkable for their large size 

compared with all other species, and for Balanus balanoides that 

eggs are larger in populations from the areas where winters are 

severe and summers relatively cold. A similar situation also 

exists for tl• hendersoni hendersoni and consequently the egg 

size were also larger and this could be referred further as an 

adaptation to ~-;)W temperature condition (Nishino, 1980). 

In ~. hendersoni cacharensis, the larger brood sizes 

are attained in spite of small body size (Figs. 55 & 58), 

resulting in exceptionally high relative brood size. Being 

associated with this, an apparent decrease in egg size has also 

occurred. The high relative brood size achieved through 

diminishing the egg size in t!,. hendersoni cacharensis may thus 
.. -

be regarded as an adaptive strategy of allocation as Nishino 

(1980) pointed out for Palaemon paucidens. 

4 .4. Larval development: 

As regards the lr-:J.rval development, the genus 

l"lacrobrachium exhibits three different patterns: 

i) Prolonged type: With large number of small sized eggs and 
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larval hi story having a large nu11ber o.f .free s'4mming larval 

stages (8-16 zoeal stages), e. g., t1,. rosenberg11(Ling and 

Merican, 1961; Ling, 1969; Uno and K~;c:Q, 1969), t!• carcinus, 

(Lewis, 1961; Lewis and Ward, 1965; Chaudhury, 19'71), 

ll· nipponense, (Kwon ~d Uno, 1969), ~· acanthurus, (Kwon and­

Uno, 1969), tl• acanthUrus, (Chaudhary, 1970), r::f. malcolmsonii, 

(K9Walramani ~ ~., 1970), r:f·· formosense, (Shoki ta, 1970), 

t:J.. niloticum and t!,. intermedium, (Will.i.PJDson~ 1972), !'i· idella, 

(Pillai and Hoha~ed, 1973), tl• amazonicum, ·(Clell Guest, 1979). 

ii) Abbreviated type .. : With comparat::Lvely larger sized and 

lesser number of eggs than in the first type and also with 

lesser number of free svJimrning larval stages, e.g., tl• lamarrei, 

(Rajyalakshmi, 1961; Sharma and Tiwari, 1978), M. 'australiense, 
. -

(Fielder, 1970). 

iii) Totally abbreviated type : With eggs generally larger 

than in the second type and lesser .in number, larval stages 

minimum, the larvae on hBtching without functional legs, and 

resemble post larva or adult, e.g., tl• pot~, (Sollaud, 19;?,3), 

tl• shoki tai, .. ( Shoki tr.t, 1973) and ~~ h~l1dersodayanum_, (Jalihal 

and Shankolli, 1975). 

The larval development of both M. hendersoni hendersoni 
' -

.and~· hendersoni cacharensis fits into the third c~tegory. In 

fi· shokitai, the l-ife history comprises 3 larval (2 zoeal + 1 

megalopa stages a.s per .Shoki ta, -1973) stages, whereas in 

f:!• hi:mdersodayanurn (Jal.i.hal and Sankolli, 1975) the abbrE!Viation 



284 

was extreme, with only one larval stage before the post larva. 

A similar pattern of larval development was noted in the 

present study for tl• hendersoni hendersoni. On the other hand, 

.£1. hendersoni cacharensis exhibited two larval ctages and took 

comparatively longer duration before the post larva. However, 

the 1st stage larva of ~· hendersoni cacharensis shows distine;·;:; 

advancement. over that of~ •. shokitai (Shokita, 1973) in 

possessing such advanced features right f.ro:n rostrum to 

pleopods, so that even the 2nd stage larva of tl• hendersoni 

cacharensis fairly compares well with the 3rd and 4th (post 

larval) stages of M. shoki tai. -
The larvae of Palemoninae were described by Sollaud 

(1923) under two groups. To the first group belonged the 

"normal zoea" and ~he second group larvae were termed as 

"hypomysis". The larva which hatch out in t!• hendersoni 

hendersoni and ~. hendersoni cacharensis were similar to 

Sollaud's second group. The suppressed development of all 

buccal organismsin these larvae can be correlated with the 

presence of sufficient amount of reserve food material due to 

·which the larvae do not have to depend upon the external food 

supply. On the other hand, the differentiated scapbognathi te 

of maxilla II helps to produce a respiratory CL~rent in the 

branchial chamber right from the time of hatching. 

The genus Macrobrachium, though supposed to have marine 

origin, has several of its species penetrated into fresh water 

environments, for the success of which the developmental phase 
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•.. ..• 

appears to have contributed significantly. This is also 

~upported from the present findings on the life histories of 

both tl• hendersoni hengersoni and tl• hendersoni cacharensis• 

Tiwari (1955) while discussing the trends in evolution of the 

Indo-Burmese species of ralaemon( =Macro brachium) suggests that 

hendersoni group to which the present p~awns ~· hendersoni 

hftndersoni and ~. twndersoni ca"harens~f belongs, is one of the 

pioneering groups vvhich $tarted llligrat._:Lng to·v~al'ds freshwater 

and by now has fully established in freshwater environment. 

Ti~ari' s' ( 1955) observations wer~, however, mainly based on 

adults· and their geographical di stributi<:mp lacking direct 
·~· 

evidence on larval development. The present study lends 

further support to Tiwari's above hypothesis. It has been 

suggested by Gurney t1942) that land-locked populations tend to 

favour abbreviated development and the amount of yolk in the 

eggs have great influence on the course of development. The 

large size and less number of eggs with extremely abbreviated 

development with no free swi1.tlffiing larval stages considered to 

be the features of purely freshwater animal (Gurney, 1942) • 

Observation on the p:fesent study in ~· hendersoni hendersoni 

reveals that the adaptation of this species to freshwater 

habitat is completed, Also, the occurrence of the population 

at Umshing stream at an altitude of 1514 meter further proves 

the successful establishment of the species to the freshwater 

environment. On the other hand, ri• qendersoni cach8.rensis 

collected from Pongtung stream at an altitude of 690 meter and 

occurrence of two larval stages suggest that this population is 



286 

still in the precess of invasion further towards the inland 

conditions. 

4.5. Food and Feeding habits: 

Prawns inhabit the benthic region and feed on living 

animals and plant matters available near~y as well as sand anu 
silt particles, and dead organic matters. In both~. haPdersoni 

hendersoni and !j,. hendersoni cacharensis, i'ovd is grabbed by the 

chelae Qf the thoracic appendages and taken int.o the mouth where 

the maxillipeds help in further cutting and driving it towaru~ 

the mandibles which macerate the food into finer particles fit 

for swallowing. A similar feeding habits were ~lso reported for 

H. malco lmsonii by Patwardthan ( 1937). - '· 

Nikolsky ( 1963) classified the food of fishes into three 

main categories, i.e. (i) basic food, (ii) secondary food and 

(iii) incidental food. Nikolsky (1963) further noted that the 

fishes were ~ithQr (i) euryphagic (feeding on a variety of 

food) or ( ii) stenophagic (feeding on a few different ty-pes of 

food) qr (iii) monophagic (feeding on only a single type of 

food. Accordingly, the basic food of Macrobrachj_um hendersoni 

hendersoni and ~· hendersoni r~charensis as observed in the 

present study may be considered as insects, diatoms, filamentous 

algae, other alg8e and detritus which collectively comprise 

60-75% of the total foregut contents. Sand and silt particles, 

nematodes, mosses ri.nd plant matters·:;lld crustaceans may be 

considered as the secondary food of tl• hendersoni hendersoni 
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and t!.• he:nde.rsoni cac harensis. The remaining i terns i, e,, 

oligochaetes and miscellaneous groups found in the foregut may 

be regarded as the accidental food due to the fact that they 

form a very small fraction of the gut contents and occur without 

any regula£ity in different months. 

Patwartdhan (1937) has mentioned that the food of 

!1• malcolmsonii consists of algae, moss, sea weeds and small 

insects. According to Chopra (1939) the prawns eat all types 

of food living or dead that comes in the way. Subramayam (1963) 

studied the stomach contents of Metapenaeus affinis. The diet 

appeared to be predominantly made up of animals from the bottom 

such as nematodes, foraminiferans and molluscs. Gastropods and 

bivalves formed about 11 to 90% of food and in several prmvns 

stomachs were gorged with shells of molluscs. Nematodes, 

copepods and amph!pods formed lesser in proportion to molluscs. 

Diatoms and algal filaments were found in a few prawns. Debris 

and sand particles were observed along witn other items of food. 

Dall (1968) who studied the stomach contents of Australian 

commercial penaeid shrimps, Penaeus esculentes, E· merguiensis, 

E· plebejus, Metapenaeus bennettae and tl• macleayi, found 

remains of small animals and a large amount of unrecognizable 

material like chitin fragments, annelid jaws, setae and also 

sand. According to Willian1 ( 1955) the presence of unrecognizable 

debris is suggestive of the major role of soft parts in the diet. 

The mud contains bacterial colonies and filamentous algae in 

which protozoans~ copepods r.:.nd nema.tods and other fauna. fl..l:"e 

abundant. 
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In a densely populated shrimp ground large food 

masses may be insufficient to support a heal thy population, and 

this deficiency is likely to be made by feeding on the epifauna 

and_~pifJ,.ora . ( Dall, 1968) • ··A· similar si tua.tion also noted for 

both li,. hendersoni hendersoni and tl• hendersoni cacharensis 

(Goswami ~ ~.,1962,.1933c).It was observed that fe'-:J insects viz • 

.. Ramehocorixa sp. and Micronecta sp. deposit the eggs either on 

:the. cephalothorax or· on the ventral sue face vi the prawn and 

once the eggs hatch into new insects, may serve as supplemented 

food for the prawns. 

Kuttayamma (1974) made a·study of the feeding habits 

of Metapenaeu.s dobsoni, t'f.. affini~~ t'f.. monoc.eros, Penaeus 

monodon and E• indicus in the Cochih area. The food, in 

general, consisted of varying amounts .of organic matter mixed 

with sand and mud. In prawns caught from estauries the food 

contents comprised polychaetes, amphipods, bivalves, gastropods, 

foraminiferans, nematodes, sand and mud, thus exhibiting marked 

benthic feeding. In specimens obtained from paddy fields 

stomach showed a large amount of plant matter, i...n.dicating the 

the adjustibility of such prawns to environmental conditions. 

In both the prawns, ~· hendersoni hendersoni and tl• hendersoni 

cacharensis also a similar type of feeding diversity was 

recorded but comparatively the percentage composition of 

molluscs in the gut content was almost negligible or rather 

insignificant and thus, included under miscellaneous group. 
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The foregut contents analysis of both !j. henderaoni 

henderso~ and ~. hendersoni cacharensis have shown that all 

the i terns of food organism (,l.Vailable in the water are also 

represented in the gut (Fig. 66). This may indicate a great 

degree of opportuni tism and versatility in terms of food 

preference. However,.it is clear from our data that when all 

types of food i tern are. available in the water both the prawn 
. . 

populations preferred cep_tain food items, i,e., sand and silts, 

filamento'l.ls algae, mosses and plant matters, crustaceans, 

oligochaetes and nematodes. 

It has been observed from the results that there exists 

monthly variations of different food items in the foregut 

contents of tl• hendersoni hendersoni and ~. hendersoni 

cach~rcnsis (Figs. 68-71). Similar results have also been 

observed by·various workers in different shrimps (Panikkar, 

1952; William, 1955, 1956; Eldred ~ ~·, 1961; Hall, 1962; 

Subramany3l1l, 1963; Dall, 1967, 1968; ~:Jarren and Sheldon, 1967; 

Hughes, 1968; George, 1972; Rodriguez and Naylor, 1972; Thomas, 

1972; Kuttyamma, 1974; New9 . 1976; Marte, 1980, 1982) • The 

present results support the view of Nikolsky ( 1969) that the 

fish faur1:1. of high latitudes are usually :::J.dapted for eating 

various types of food, on account of the high variability of 

the avr=til:3.ble food. The ra.nge of food organisms may vary 

greatly from area to area, even as regards to basic food, 

speci:c;tlly in freshwater conditions. Suyehiro ( 1942) attributed 

the omnivorous feeding ha.bi t of the freshwater fishes to the 

limited supply of food in the habitat. The stress is more 



290 

severed on lotic and brackish water animals since they have to 

get physiologically adapted to the widely fluctuating ecological 

factors. The wider choice with 'the inclusion of animal foods 

subsequent to the onset. of-matUrity may be to augment the 

protein intake as well (Nair and Sobhana, 1980). In the present 

study, a -·similar si tua.tion was also noted for both ti• hendersoni 
~: . ._·_ .. 

hendersoni and ~· hendersoni cacharensis. 

The monthly fluctuations of the gastro-somatic index 

of~· hendersoni hendersoni and tl• hendersoni~cacharensis 
. . :; - ·. 

reflects the extent of feeding by them. The major peak in the 

month of March may be due to prolonged period of metabolic 

activity to build up the body for the spawning as this period 

is just prior to spa.wning···sea:S6n. The other two minor peaks of 

increased intensity of feeding are in August and October, It is 

possible that afte~ spawning as a recuperative process the 

prawn becomes voracious eater which in turn, is reflected with 

high rate of feeding intensity. The drop in feeding intensity 

in December to February is likely to be due to the prevailing 

low temperature of the habi~at during the winter months and 

reduced activity of the prawn (Goswami and Majhi, 1981). The 

fall in the feeding intensity (Fig. 67) in the month of July 

might be due to some physiological changes during the breeding 

s~ason. 

During the- months when the feeding index is high, 

crustaceans and algal matter constituted relatively greater 

proportion of the food. Mosses and plant matter, sand and silts, 
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oligochaetes and miscellaneous group contributed larger 

fractions of food, in summer and autumn seasons, Inseots, 

nem~todes and detritus contributed major part of the food 

material in autumn and winter season. These variations in 

feeding habit reflect changes in dietary requirements which 

may be related to different body metabolisffi viz~ gonad 

development, moulting etc. (Marte,. 1980,1982). A seasonal 

fluctuations in fat content was noted in Penaeus indicU§ 

(Gopalakrishnan, 1953). In t~s prawn, a higher percentage 

of fat is present during the months when non-crustaceans form 

the bulk. of the food, The relatively small amounts of organic 

detritus, silt and sand, recovered from our specimens indicate 

th~t theadult is less of a scavenger and more of a predator on 

slow moving benthic macroinvertebrates, mainly small insect 

eggs, larvae and A.dults, Marte (1980) also reported a similar 

finding for Penaeus monodon from t1akato river. Males of both 

M. he:bdersoni hendersoni ::md f-'1. hendersoni cacharensis seem to - -
feed more actively (Fig. 67) than the females as seen from the. 

higher gastro somatic index. The poor feeding by the female 

during the breeding season may be attributed to the development 

of gonads which occupy the major space of the abdominnl cavity. 

Desai (1970) and Pathak (1975) have recorded similar 

observations in different fishes. 

·Panikkar (1952) ~~s stated that food of young penaeids 

consists of algae, minute organisms and organic detritus. In 

M8crobrachium hendersoni hendersoni and ~· hendersoni 
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~charensis, the food of juveniles and actively breading popula­

tions (size groups I & II) are dominated by sand and silt 

partie les, detritus and diatoms (Tables 28 & 29), This reflects 

their semi benthic M.bi ts. Gopalkrishnan ( 1952) · has Inf.tde an 

anrtlysis of the stomach contents of a large number of Pen3eus 

indicus caught from the inshore waters of Madras coA.st. 

Gopalkrishnan ( 1952) reported that the chfef contents of the 

food in the juvenile group were: digested matter and detritus, 

vegetable matter, crustacean matter and non-crustacean animal 

matter. Vegetable matter constituted fragments of different 

kinds of algae and also cuttings of sea weeds and other green 

matter. Sand particles were also present. 

Prawns kept in laboratory aquarium ~0nsumed algae, 

planktonic organisms and oligochaetes preferring small pieces 

which could be held in the chelate legs. When the pieces were 

big, more than one chelate were used. When prawns of different 

sizes were kept together the bigger ones did not attack the 

smaller ones inside the aquarium. When one was dead or became 

weak other attackl.ed and made a meal of it. It is.likely that in 

nature, prawns are partly predatory chasing smaller ones of 

suitable size that may be caught within their chelae. 

The insects, filamentous algae, detritus, diatoms and 

other algae constitute the maj~r fra~tion of the food in the 

post-breeding popul8tions (size group III) of ll• hendersoni 

henclersoni and u_. hendersoni cach8.rensi§• The grR.dual ch.:':lnges 

of preference from sRnd ~nd silt, diatoms, ~stritus and 



293 

crustaceans to higher aquatic plants, mosses and insects may 

be to avoid effectively the direct competition for food between 

the younger group. Such differences in the diet are of 

survival value reducing the likelihood of intraspecific 

competition and making it easi~r for prawn of different sizes 

to occupy the same habitat. 

The distinct preference to benthic flora and fauna by 

the post breeding prawn populations is probably a reflection 

of the behaviour of the groups which spend most of the time in 

benthic zone of the stream because the material in the foregut 

faithfully reflects the relative environmental densities of 

food items falling within the ingestible size range. The 

comparatively lesser amount of detritus and sand particles 

present in the foregut of the largest size group represents 

either the gut contents of the prey. of materials swept into the 

mouth during capture of the prey. Such ·materials may be of 

nutritional value to the pravms. Although the detritus and 

algae as the gut contents of the prey have a reduced caloric 

per gram (Nair and Sobhana, 1980) value such material is 

mechanically disrupted partially digested, prepacked food 

supply which may well be assimilated with considerable 

efficiency. In fact the early instars of benthic insects 

before they have begun any significant fat deposition, contain 

l~rge, fully packed digestive tracts which serve as an 

excellent source of food (Gupta, 1980). A dominance of insects 

in the diet of older size groups is therefore significant, 
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\9ince they ar~ feeding on the digestive traote of tne pray 

which serve as convenient instruments of collecting and 

pA-ckaging food. 

4.6. Digestive physiology: 

The alimentary calli~l of Mncrobrachium hendersoni 

hendersoni consists of appendages (three pairs of maxillipedes, 

a pair of maxillae, maxillul.:\e and mandibles), compactly built 

CA.rdiac stomach, small pyloric stomach, long narrow intestine 

and a very well marked rectum. The stomach is covered w1 th 

disc like hepatopancreas which is responsible for the secretion 

of enzymes and for storing the digested food. Yonge ( 1937) has 

reported that there is a definite correlation between the food 

and the nature as well as the relative strength of digestive 

enzymes of Nephrops norvegicus. Agarwal (1964, 1965) has 

reported that the medium in the gut of Orchestia gemmarella and 

Grammarus pulex is throughout acidic. In the intestine and 

rectum of~· hendersoni hendersoni (de Man) the medium was 

found to be alkaline whereas in other parts it has been shown 

considerably acidic in nature. This can be due to the omnivo­

rous feeding habits of the prawns. It is also found that 

starvation of the animal alters the pH by increasing the 

concent~ation of the media. However, selective feeding seems 

to have not much effect on the pH of the gut. 

The hepA.topancre:=ts A.ppe."lrs to be the main seAt for the 

secretion of enzymes.. However, most of the enzymes are also 
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present in the stomnch. It can be correlated with the fact 

that the enzymes secreted by the cells of the hapatopancreas. 

are carried to the pyloric stomach through the ducts. 

Nicholls ( 1931)" and Agarwal ( 1964) have reported the role of 

central caeca of !;igia. and Orchestia in food digestion. But 

in ti• hender!?oni hendersoni, it has been observed that the 

digestion takes place inside the pyloric stomach. 

The qualitative estimation of enzymes reveals that all 

the enzymes are present in some or other parts of the gut. 

However, the hepatopancreas is specialized in digesting the 

carbohydrate whereas the stomach for digestion of all types 

of diet. 

In the foregut of Orchestia, Agarwal ( 1964) has 

detected only amylase, glycoganase and invertase whereas in the 

oesophagus of ~. hendersoni hendersoni, as found in the present 

study, raffinase is also present in addition to those of 

Orchestia. 

4.7. Neuroendocrine-regulation of blood chloride: 

Most crustacea living in water of low salinity maintain 

their blood hyperosmotic to the medium by actively transporting 

salts into the body (Robertson, 1960). The rate at which they 

have to do this, and consequently the amount of work that has 

to be done in regulating the blood concentration, depend on the; 

rAte A.t which ions C:tre :~ost from the body, in the urine a.."'ld 



296 

across the surface. The rate of loss depends on the permeabi­

lity of the body surface to ions and water and on the gradient 

maintained between the blood and the medium (Gross, 1957; 

Robertson, 1960). It reveals from the observations that the 

eye stalks possess a blood chloride regulating iactor and it 

acts in elevating the chloride content. Hence its loss through 

eye stalk ablation results in a drop in quantity and its 

replenishment through the extract injection elevate the same to 

the normal level. The factor might increase the chloride uptake 

from the medium or may influence the absorption of ions in the 

excretary organ or may even mobilise the ions from other 

tissues. It was reported in Procambarus clarkii (Kamemoto ~ 

al., 1966) that eye stalk removal decreases the blood ion _,. 

contents and eye stalk injections preventsthe decrease (Kamemoto 

and Ono, 1969). The blood chloride increasing factor have been 

reported to be present in brain (Kamemoto and Ono, 1969) and 

thoracic nerVe cord (Kamemoto and Tullis, 1972) of these 

animals. A similar substance is present in other freshwater 

forms such as Potamon dehaani and Sesarma hematocheir (Kamemoto, 

1974). On the other hand, the marine forms, SJ?irontocaris 

~armoratus, Metopograpsus messor and Thalamita crenata seem to 
- 0 

possess a blood chloride decreasing factor (Kamemoto and Tullis, 

1972). 

It was also observed by Kamemoto. and Tullis (1966) thAt 

the injection of thora.cic ganglionic extracts increase-s the 

blood chloride level in the freshwater crabs maintained in tap 

water while in the marine crabs kept in dilute med.i8. a similar 
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treatment decrease the blood chloride content, Thus the 

blood chloride concentration is regulated by the neuroendo­

cine principle in crust~ceans and it does so by elev~ting the 

level of iori:s in hyperosmotically regulating freshwater forms 

and by decreasing the same in hyposmatically regulated marine 

forms. The prawn, ~. hendersoni henderson! being a freshwater 

animal, has to regul~te hyperasmotically and keep the chloride 

at a higher level. Hence the eye stalk factor increasing the 

blood chloride concentration, seems to play a significant role 

in the hypero smotic regulation of the animal when it is in 

freshwater. 

·: ., .··· 



SUMMARY. 
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There is a paucity of information on the ecology and 

biology of indigenous prawns in the highlands of the North 

Eastern Hill Regions of our country. Such a knowledge, is of 

utmost importance not only from the academic view point, but 

also in its utility in ever-increasing technological efficien­

cies of the fishery entrepreneurs for evolving judicious 

management measures. Meghalaya.with its swift flowing streams 

and rivers offer an excellent scope for studies on available 

prawn species. The traditional practice of shifting cultivation 

termed "Jhurn" which promotes denudation and soil erosion is part 

of the stresses to which fauna of tlus region are usually 

subjected. The present thesis highlights certain aspects of 

ecology and biology of two palaemonid prawns, Macrobrachium 

hendersoni hendersoni (de Man) and M" hendersoni cacharensis 

(Tiwari). 

E C 0 L 0 G . Y 

li• hendersoni hendersoni and fj. hendersoni caoharensi iS 

are commonly available in the lotic as well as sernilotic water 

bodies of Umshing, Barapani ( 25 °41 1 06 11 N and 91° .:.-1' 2711 E, altitude, 

1050-1514 m) and Pongtung (25°15'00 11 N and 91°54'15 11 E, altitude 

610-690 m) respectively. The data for the present study were 

collected for two annual cycles, i .. e. January ·1979-December, 1980. 

In Umshing area the various climatic factors viz. rainfall, wind 

velocity, air temperature - rnaximum1 minimum, humidity at s. 30 

hrs and 17-30 hrs, fluctuated in tl1e range of 0.0-512.0 nun, 
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2.4-8.2 km/hr. 14.7-26°C, 5.1-18.0°C, 41.0-92.0%, and 53.0-92.0% 

and 53.0-92.0% whale in Pongtung area they fluctuated in the 

range of o. 08-484.2 mm, 2. 2-6.6 km/hr', 22.5-34. 2°C, 11. 2-24.5°C, 

48.0-84.00~ and 68.0-90.0% respectively. 

Physiographically, all these landmasses represents a 

remnant of an ancient plateau of Pre-cambrian Indian peninsular 

shield uplifted to its present height. Lithologically, Umshing 

area ils mainly of sandy ( arenanceous) and clayey (argillaceous) 

t'.Y'Pe while Pongtung area is -represented by conglomerates, sand· 

stones and limestones of Jadukata and Mahadek formation. The 

soil varies all over the study area. It is mostly lateritic 

type derived largely from granites, schists and,the soil in the 

basins< .. :is more fertile than the upland soil. 

Both Umshing a11.d Pongtung streams have vegetation cover 

over the bank sides and included herbs, shrubs, grasses and 

trees. The coniferous vegetation i.s the salient feature of 

the Umshing area while in Pongtung area, the broad leaf 

vegetation is common. Stream substrates in both the cases 

are predomiriantly small boulders with stones, gravels and sand 

in between. The various emergent vegetation in the shallow 

areas, mosses and liverwort · on the larger rocks and boulders 

a~ _.recorded in both the sites. 

From head waters to mouth, the physico-chemical 

variables within a lotic system present a continuous gradient of 

physico-chemical condition. This gradient should elicit a- series 

of responses within the constituent populations resulting in a 
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continuum of biotic adjustments and consistent patterns o! 

loading, transport, utilization and storage of organic ma~ter 

along the length of a lotic body. 

In Umshing stream, i.e. the habitat of~· Q9~e£~ 

henderson!, the various physico-chemical variables, viz. water 

temperature, transparency, rate of water flow, specific conduc­

tivity, total alkalinity, silicate, phosphate-phosphorous, 

nitrate-nitrogen, ammonia-nitrogen, calcium, magnesium, chloride, 

potassium, iron and oxidisable organic matter fluctuated in the 

range of 10.0-18.8°C, 4.0-33.0 em, 42,2-94.2 cm3/sec., B.i5•96.0%, 

7.~0-13,8 mg/1, 5.7-7,3, 1.8-5.0 mg/1, 31.8-65.2 ,urnho/cm, 1.5.0.. 

48.8 mg/1, 3.8-7.6 mg/1, o. 30-1 ,, 30 mg/1, 0.14-0.98 mg/l, o. 044-

0.D94 mg/1, 2.0-3.9 mg/1, 0,51-2.64 mg/1, 0,40-1.-35 mg/1, 1.6-

4.0 mg/1, 1.6-4. 7 mg/1, 0.9-2o 7 mg/1 and 1.0-5.2 mg/1.while in 

Pongtung stream, thes'e have been fluctuating in the range of 

17.0-32,0°C, 10.0-55~0 em, 38~2-84,:5 cm3/sec., 8.6-ao,CY~, 6.&-

11.2 mg/1, 5.8-7.5 mg/1, 2, 4-4.9 rng/1, 17.0-62 ,urnho/crn, 1.?• 2-48,:2 

mg/1, 2.10-4o25 mg/1, 0,24-1 .. 10 mg/1, 0 .• 22-0,88 mg/1, o.os-0,094 

mg/1, 2.20-4.50 mg/1, 1.0-2,8 mg/1, 0,35-1.18 mg/1, 1 .. ·7-3.i92. mg/1, 

1.7;.;.4,0 mg/1, 0-.50-2.·10 mg/1 and 2.4-8.4 mg/1 respectively, 

In compar.tson to Pongtung stream, the plankton of 

Umshing stream is limited in mass and productive potential but 

relatively rich in diversityo Categorically, Myxophyceae, 

Chlorophyceae, Dinophyceae;. Chrysophyceae, Rhodophyceae and 

Baccillariophyceae contributed in the range of 5,0-20%, 25.0-

50%, 0,2-3.5%, 0.,5-4.5%, 0 •. 2-2,1% and 35,0-61.9% in the Umshing 



stream while they contributed 5.0-18.58%, 35.4-65,25%, 0 • .5-4.~3%, 

4.0-11.66%, 0,50-3.6276 and 16.3-46,0% towards their total 

phytoplankton composition-respectively. In the present study, 

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 Baccillariophy­

ceae were recorded. 

In association with the algae, a considerable number of 

micro-consumers i.e. zooplankton were recorded, In Umshing 

stream, Protozoa, Rotifera, Ostracoda, Copepoda and 10,0-25,0%, 

5.56-24.2%, 4.54-37.0% while in Pongtung stream they contributed 

in a fluctuating range of 34.0-62,5%, 14.58-30.0%, 2.0-10%, 

4.0-28.69% and 2,0-28,0% towards the total zooplankton composi­

tion. In the present study, eleven genera of protozoa, nine 

genera of rotifera, single genus of ostracoda and copepoda and 

six genera of cladocera were recorded. 

Comparatively Pongtung stream supported a quite large 

number of benthic organisms throughout the annual cycle though 

there exists seasonal fluctuations too. The benthic fauna of 

Umshing stream on the other hand is limited in mass and 

productive potentials but relatively rich in diversity. Catego­

rigally, the percentage composition of different benthic groups, 

viz. Nematoda, Oligochaeta, Decapoda, Insecta, Gastropoda and 

misCellaneous groups fluctuated in the range of 5.88-25,tO,. 2. 7-

18.0, 16.0-30c24s 21o0-58.82, 2.0-i6.13 and 4.0-17.0 while in 

P·ongtung stream in terms of their percentage composition .-. 



these groups fluctuated in the range of 11.11-32,0, 4.0...19_.0, 

19,:0..33.0, 11.8-55,0, 1.0-8,5 and 3.2-17.0 respectively;! In 

the present study, the benthic organism recorded included 

eleven genera of nematodes, ten genera of Oligochaetes, three 

genera of decapods, forty three identified and three unidenti­

fied genera of Insects, four genera of gastropods and ten genera 

of miscellaneous grouP. 

In comparison to ~ hendersoni hendersoni, ~. hendersoni 

cacha.tensis exhibited higher population density throughout the 

study period. The maximum density recorded was during rainy 

summer and the minimum in the rainless winter. During the first 

annual cycle the catches of ~. hendersoni hendersoni exhibited 

the maximum density of 67/m2 in the month of September and 

minimum of 14/m2 in December while during the next annual cycle 

again in September the maximum of 70/m2 and the minimum of 

19/m2 in January were recorded. The catches of ~. hendersoni 

cacharensis exhibited maximum population density of 104/m2 in 

August and minimum of 18/m2 in January during the first annual 

cycle while the maximum of 102/m2 in August and minimum of 18/m2 

also in January was recorded during the next annual cycle. The 

extent of structural and functional dynarnici ty of both the two 

palaemonid pravm populations were clear from thc::ir length 

frequency distribution study and was noted to be closely 

associated with their breeding behaviour. Both Umshing and 

Pongtung stream sites were dominated by male praWns over the 

female. 



Information on the occurrence, characteristics and 

importance of the accessory habitat reported here, is first of 

this kind from hill . stream o.ondi tion and unique in many ways. 

These accessory habitats are found to serve the purpose of 

breeding. As these breeding depressions are provided in nature 

by the process of denudation by the running water and active 

weathering, the presence of accessory habitat becomes an added 
' 

advantage to the prawn population. 

Monthwise averages of condition factor (K) for four 

categories of prawn population based on the size group have 

been studied. The 'K' factor exhibited higher values in case 

of the young population than the actively breeding group and 

post-breeding group. In all the four categories, the 'K' 

factor represented its two peaks, one in spring and the. other 

in late sununer. Surprisingly, the 'K' values were always 

higher in males than females of bot~ ~. hendersoni hendersoni 

and ll• hendersoni cacharensi~. 

The total density of !;1. hendersoni hendersoni exhibited 

significantly positive correlation with .r.ainfall,. 'v'(ater 

temperature, rate of waterflow, turbidity, dissolved oxygen, 

phosphate-phosphorous and chloride concentration, while 

correlation with water tr;msparency, total alkalinity,. sodium,. 

potassium and oxidiisable organic matter revealed significantly 

negative::.. The correlations with total phytoplankton, zooplank-· 

ton as v,rell as benthic organism resulted significantly positive, 

and particularly~ the correlation of the total density of 
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u .. uende,;t~JJJ., hendersoni with chlorophyta, ohrysophyta, b'accil­

lariophyta, ~stracoda, copepoda, c.ladocera, nematoda, c'Decapoda 

and Insecta are found to be positively significant. The 

correlations of the four size groups of tl• hendersoni henderso,pi 

with these forty one physico-chemical and biotic parameters 

(rainfall, water temperature, tran$Parency, turbidity, rate of 

water flow, dissolved oxygen, pH, carbon dioxide, specific 

conductivity; total alkalinity, phosphate-phosphorous, nitrate 

nitrogen, ammonia-nitrogen, silicate, chloride, calcium, magne­

sium, sodium, potassium, iron, oxid.isable organic matter, total 

phytoplankton, myxophyceae, chlorophyceae, chrysophyceae, 

dinophyceae, rhodophyceae, baccillariophyceae, total zooplankton, 

protozoa, rotifera, copepoda, ostracoda, cladocera, total 

benthic organism, nematoda, oligochaeta, decapoda, insecta, 

gastropoda and miscellaneous group) were also studied. 

The total density of~. hendersoni cacharen§is 

exhibited significantly positive correlations w:i. th rainfall, 

water temperature, turbidity, dissolved oxygen, chloride 

contents, while the correlations with water transparency, total 

alkalinity, sodium, potassium, iron and oxidisable organic 

content resulted in. signficaotly negative r-values. Total 

phytoplankton, zooplankton and benthic organisms have sho\'m 

significantly positive correlations and also categorically, 

myxophyta, chlorophyta, chrysophyta, baccillariophyta, rotifera, 

ostracoda, copepoda, nematoda, oligochaeta, decapoda, insecta 

and gastropoda groups. Probably·,. these reflect the importance 



of prawn population . in lotic food chain, Correlations o! !our 

categories of ti• hendersoni cacharensis population density w1 th 

all these forty-one physico-chemical and biotic variables were 

studied to identify their ecosystem chains. 

B I 0 L 0 G Y 

The development, maturation and function of some sexually 

dimor:phic characters of u_ •. hendersoni hendersoni and ; 

!i• hendersoni .cacharensis were studied. The sexual dimorphism 

exists ·among both the prawns populations in terms of the relative 

growth of the · carapace-total. length relationship, body weight­

total length relationship, pleuron widtu-total length relation­

ship and exopod-endopod relationship. The growth of the relative 

length of various distal articles also .exhibited sexual 

dimorphism in both ~· hendersoni hendersoni and ~· hendersoQi 

cacharensis. · But; the relative growth pattern of carpus and 

merus length did not show any significant difference. The larger 

male chelipeds function primarily in reproductidm by allowing a 

male: a) to fend off other males intruding into its territory, 

and b) to protect females, with which it has mated, from 

aggressive conspecifics and-predators. The brood chamber and 

reproductiVe setae of f~ale$ beg.:i,.n to develo:Q .. at 37.0 mm total 

len,gth. : Thi,s may also occur on· several molts before their first 

spawning. Reproductive setae are divided into ovigerous arid 

ovipositing setae depending upon their filllction •. Ovigerous setae 

are temporary, others are permanent since they are retained on 

non-parturial molts. 
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The paired teste~ of ~. nengerso~ hpndetpo~ show 

histomorphological change~ during various stages of maturity. 

Seminiferous tubules show diff~~ent stages of spermatosenesis. 

A few undiffe.rentiated or resting spermatogonia supply a new 

crop of germ cells for the next-breeding season, In a tub&le 
. 'VA' 

the meiotic divisions occur more or less synchronously in all 

the primary or secondary sperrnatocytes, Spermatogent.ic anti vi ty 

is seasonal spermatogenesis begins in October-February, progress 

slowly through March, reaching its peak in April-May. However, 

all the tubules do not mature simultaneously. Spermiation occurs 

during May~September, the spermatogenesis ceases gradually and 

by December the testes enter a brief period of rest. 

The ovaries of li• hendersoni hendersoni undergo 

seasonal morphometric and histological changes. A minute 

oviduct leads into the seminal receptacle which receives sperms 

during breeding season, Oogonia and young occytes develop in 

the germinal zone, present in the centre of the ovary. The 

resting or residual oogonia which occur throughout the year 

divide shortly after qyulation and supply new crop of germ cells 

for the next breeding season. The gonad index and ova diameter 

were minimum in Septembe~November and reached a maximum value 

in April. 

In both ~· hendersoni hendersoni and ~. hendersoUi 

cacharen~s maturity first appeared in the specimens of length 

group 35.1-40,0 mm. However, male population are found to 

encounter faster maturity than the females. During the pre-
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breeding season (January-Marcn), the ratio of male to .female 

is ~gher in both the palaemonid prawns, However, during the· 

commencement of the breeding season (April-September) the 

percentage compos! tion of female increases prppot.imately 'bo soma 

extent. In !':!.· hendersoni henderson!, the spawning period starts 

from the month of April to September while in ~. hendersoni 

cacharensis, it continued from April to October~ The factors 

contributing to the longer spawning period, is the maturation 

of continuous batches of ova throughout the season. 

The egg size of ll• hendersoni hendersoni are found to be. 

larger than the egg of ~· hendersoni cacharensis. The log of 

brood size shows significant positive linear correlations with 

log of body length, body weight, pleuron width, ovigerous setae 

number, ovipositing setae number and pre-eyed egg volume,. In 

ri• hendersoni hendersoni, log of brood size also exhibited 
... 

positively significant correlations with the eye-pitted egg 

volume and eyedegg volume but these r-values were found to be 

insignificant in t!• henderson! cg,charensis and was discussed. 

The log of relative brood size exhibited negative correlations 

with the log of respective body weight, pre-eyed, eye pitted 

and eyed egg volume and also was discussed, 

~. hender~oni hendersoni exhibited a single larval stage 

before the post larva in the laboratory condition. The develop-

ment is extremely abbreviated being almost like a post larva on 

hatching. On the other h,and, tl• hendersoni cacharensis exhibited 

two larval stage before the post larva in the laboratory 



condition,. .All i:he larval stages and tneir. parts are 

described in. detail and illustrated •. It appears tnat the 

Septemper brood takes slightly longer time in develo~ment 

than the May brood. The successful penetration of the present 

prawns, ~· henderso~ hender~ni and tl• hendersoni p~pparep~i; 

into fresh water habitat has been also discussed in light of 

the larval evidence, 

Both ~· henderson! henderjg~ and ~. henderson! 

~p.charensis are orrlrilvorOus in terms of their· food rk"lb.i~·s. The 

most relatively dominant food items of~. hendersoni hendersoni 

was found to be insects ( 13. 13%) and rest in descep~ng orders 

were: diatoms ( 13. OZfo), sand and silt particles ( 12,'4%) 1 

detritus ( 11.~8%~ filamentous algae ( 11 ;- 3%), other algae ( 11. 2%), 

nematodes (7.96%), crustaceans (7.33%),·mosses and plant matter 
'· . 

(5.70%), oligocharte.s(4.69%) and iniscellaneous group (1,40%) 

respectively. Nine genera of diatoms, six genera of filamen­

tous alga, eleven genera of other algae, seven genera of 

namatodes, four genera of oligochaetes, seven genera of 

crustaceans, fourteen genera of insects were identified from 

the gut content of 11· hendersoni .h,..ep,_d .. e ... r..,.s ... o..-ni,_. The peroentage 

composition of different food items in the fore gut and in the 

water sample also fluctuated considerably. The food items in 

order of preference were sand and silts, oligochaetes, 

nematodes, filamentous algae, crustace~~, mosses and-plant: 

matter. However, these prawns pose an opotunistic habit, i.e., 

if they did not get any preferred food items, they also feed 

equally on other available food items, i.e. diatoms, other 



algae, insec~s, detritus and miscellaneous groups. The· rela­

tive importance of different food items of both ll• hendersoiji 
.. ~ ' . 

hendersoni and tl• ~epdarao;y. c&charensis among the individuals 

of three different size groups (Total length: 20, 0..40,0 nun, 

40.1-55.0 mm aild 55. 1-80,0 mm) have also been studied, 

The most relatively dominant food i terns of 

t:f• hendersoni cacha.rensis was found to be the insects ( 12.90%) 

and the rests in tenns of their descending order were: diatoms 

(12.6~~), filamentous algae (11e92%) detritus (11.42%), other 

algae (11.34%), sand and silt particles (9.36%), crustaceans 

( 9.0%), nematodes (8. 98%), mosses and plant matter (6,66%), 

oligochaetes (5.40%) and miscellaneous group (0.35%). Fourteen 

genera of diatoms, eleven genera of filamentous algae, ten 

genera of other ~lgae, thirteen genera of mosses and plant 

matter, four genc::ra of nematodes, four genera of oligochaetes, 

tert genera of crustaceans, seventeen genera of inse~ts were 

identified from the gut contents. of ~. hendersoni cacharensi·s. 

The percentage composition of different food items in the 

foregut and in the water sample also fluctuated considerably. 

The food i terns in order of preference were sand and silts, 

oligochaetes, crus~ceans, filamentous algae, mosses and plant 

matter, nematodes. However, in absence of preferred food items 

they feed on other oVa.ilable food i terns • 

.. 
The" aiiment.:try canal of t1·. hendersoni hendersoni 

consists of feeding Bppendages, cardiac and pyloric stomach, 

lon~ narrow intestine, a distinctly marked rectum and · 



hepa.topanorea.s. The pH is n.cidic throug:ht·n.lt th.e gut axoopt th.e 

intestine ~d rectum wh..;.1re it is e.lkanine. Th.a enzymolOGY of 

the gut indicates that most of the carbonyd.rate d:Lgast:l.on 

enzymes are secreted by the hep~topancraas. The stom~oh is also 

found to consist majority of enzymes end the _digestion of :food 
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ON THE DIGESTIVE PHYSIOLOGY OF THE FRESH WATER HILL STREAM 
PRAWN, MACROBRACHIUM HENDERSON! HENDERSONI(DE MAN) 

N. GOSWAMI, A. RAGHU VARMAN. AND R. GEORGE MICHAEL 

Department of Zoology, School of Life Scienc63, North-Eastern Hill University, 
Shi//ong-793014 

ABSTRACT 

Macrobrachium henderson/ hendersoni (de Man) is an omnivorous in its feeding habit. The 
alimentary canal consists of the feeding appendages, cardiac and pyloric stomach, long narrow intes­
tine, ·a distinctly marked rectum and hepatopancreas. The pH is acidic throughout the gut except the 
intestine and rectum where it is alkaline. The enzymology of the gut indicates that most of the car­
bohydrate digestion enzymes are secreted by the hepatopancreas. The stomach is also found to consist 
majority of enzymes and the digestion of food takes place inside the pyloric stomach. 

INTRODUCTION 

The anatomy of the cr~stacean alimentary canal has been widely studied (Bals1, 
1926; Biedermann, .. l9ll; . Von Buddenbrock, 1956; Jordan, 1913, 27; Yonge, 1924; 
J:I~slar; 1935). Among the best recent descriptions with clear illustrations are . those 
of Patwardhan (1935) and Reddy (1935), ·who have studied many forms and therefore 
have been able to consider the evolution of the ga>tric mill. In Malacostraca the diges­
tiye juice is produced almost entirely by the cellc; of the hepatopancreas and transported .. 
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 -~n 
this point. The digestive. enzymes bf crustacea have· been studied most extensively nL 
decapods, particularly, Astacus and Maja squinado (Mansour-Bek, 1954). 

. . . 

Keeping this in view, we have studied the digestive enzymology and its various 
roles in the process of digestion in the hill stream prawn, Macrobrachium hendersoni hen-: 
dersoni (de Man). 

MATERIALS AND METHODS 

Living specimens of M. hendersoni hendersoni -(de Man)- were -collected from· 
the Umshing stream near Barapani dam and were re2.red in the· aqu.a­
rium for about fifteen days with proper aeration. Some of the live prawns were ~ts• 
sected to measure-the pH i-n different regions of the alimentary---canal of normal feedmg 
prawns. The different parts of the gut were separated and thoroughly washed to clear 
them off any food contents. The pH of the gut was measured both by pH indicator paper 
and pH meter. , The pH measurements were also made in the prawns which were starved 
for about 72 hours and also in those whicli were first starved and then fed on some selected 
·diets. . . ; . 

• Previously called A. Sannasi '• 
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For qualitative estimation of enzymes, the digestive juices were collected by canula 
method 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 prepared according to the method described by Krishna (1955). To 
inveGtigate the place of secretion, the extracts and digestive juices of different parts of 
the gut were incubated· with different substrates (see the tables JI, HI, lV and V). The 
incubated solutions were tested for the different enzymes after different intervals. The 
amylase and protease activity have been studied and confirmed employing the methods· 
used by Krishn:>. (1955, 58) and Shukla and Upadhyaya (1978) respectively and for lipase, 
Baldwin and Bell (1955) method as followed by Kumar (1970) was adopted. _ 

OBSERVATIONS 

pH mrasurement: The various enzymes function optimally at different hydrogen 
ion concentrations. The medium is weakly acidic in mouth, oesophagus and pyloric 
stomach while it ifi distinctly acidic in the hepatopancreas and cardiac stomach. The 
medium was found to be alkaline in the inte-;tine and rectum. A few prawns were starved 
for about four days by keeping them in filtered water and slight increase in the concen~ 
tra;ion or n.cidity and alkalinity were observed (Table 1). In another experiment, a few 
starved prawns were feel on some selective diet and the pH of the different parts of the 
digestive tract was measured. lt was found to be almost c;imilar to that of normal fed 
ones. 

TABLE 1: pH in various regions of the alimentary canal of normal feeding and starved 

. -· prawn, M. hendersoni henderson/ (de Man) • 

Mouth Oesophagus Cardiac Pyloric Intestine Rect\lm Hepatopan-
St. Stomach Stomach ·creas 

No. N S. N s N s N s ]II s N s N s 

1. 6.2 6.1 6.1 6.0 4.5 4.3 . 6.6 6.3 7.4 7.1 8.4 8.1 5.8 5.2 

2. 6.5 6.1 6.4 6.1 4.4 4.2 6.7 6.3 7.S 7.1 s.s 8.1 5.9 5.2 

3. 6.3 6.0 6.3 6.0 4.2 4.3 6.4 6.3 7.4 7.2 SA 8.2 5.9 5.1 

4. 6.3 6.2 6.2 5.9 4.2 4.1 6.5 6.4 7.3 7.2 8.5 8.2 5.8 5.1 

5. 6.4 6.1 6.3 6.0 4.4 4.2 6.6 6.2 7.4 7.2 8.5 8.2 5.9 5.3 

Average 
pH 6.34 6.10 6.26 6.00 4.34 4.22 . 6.56 .6.30 7.40 7.18·· 8A6 8.16 5.86 5.18 

N- Normal ; S'- Starved 

-··. . Qualitative estimation of enzymes: The incubated solutions were tested for the 
different enzymes after different .intervals and the results are depicted .in the . tables ~I, 111, 
IV, and V respectively. Table II shows that most of the carbohydrates were digested 

1n 
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by the enzymes secreted by the hepatopancreas. The inulinase and raffinase are l~ss 
active and takes more time for complete hydrolysis. The fat digesting enzymes are Jac­
king in the hepatopancreas of M. hendersoni hendersoni (de Man). 

TABLE II: Qualitative estimation of disestive enzymes present in the hepatopancrea.s of 
M. hendersoni hendersoni (de Man). · 

Duration of reaction and Control experiments 
Sl. Substrate extent of digestion 
No. after after after after after 

24 hrs. 48 hrs. 96 hrs. 48 hrs. 96 hrs. 

I. 1 % Starch solution +* + + 
2. 5% Sucrose solution + ++ 
3. 2% Maltose solution 

4. 2% Lactose solution 

5. 1 % Raffinose solution + + 
6. 1 % Inulin solution + + 
7. 1 % Salicin solution - -.. -

8. Saturated Glycogen solution + + + 
9. 10% Gelatin solution 

10. Condensed milk 

• + +, al). intensive reaction; +, definite positive reaction; ±, only a. trace of reac-
tion; -, no reaction. 

Experiments with the digestive juice of the oesophagus revealed th3.t amylase, 
invertase, raffinase and glycogena;e are the only enzymes present in this part of the gut 
(Table III). 

Table IV indicates that the presence of fat and protein digesting enzymes is the 
characteristic of the stomach. However, other enzymes are also represented. 

Table V shows that very few enzymes like inulinase, glycogenase and also some 
proteases.are present in the intestine of M. hendersoni hendersoni (de Man). 

Similar experiments were conducted with the extracts of rectum and it was obser­
ved that no enzyme is present here. 
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TABLE III: Qualitative· estimation of digestive enzyJnes present m the Oesophagus 
of M. hendersoni henders01ii (de Man) 

SL. 
No. 

. 1.' 

2 .. 
. 3. 
-4: 

5. 
6. 
7. 

8. 

9. 
10 .. 

-- -· 

'Substrate 

1 ~~ Starch •olution 
5% Sucrose solution 
2% Maltose solution 
2 %-Lactose solution 
1 % Raffinose solution 
1% Inulin solution 
1% Salicin solution· · 

Saturated Glycogen solution 

10% Gelatin solution 
Condensed milk 

Duration of reaction and 
· extent of digestion 

after after after 
24 hrs. 48 hrs. 96 hrs. 

±" 

± -- ---­
± 

± 
+ 

± 
+ 

+ + 
±"----- -- -± -. 
± ± 

+ 
+ 

-+ 
+ 

·~-

+ 

. Control experiment 

after 
48 hrs . 

after 
96 hrs. 

. . 
++,an intensive reaction; +.definite positive reaction; ±,only a trace of reac­

tion; -, no reaction. 

TABLE IV: Qualitative estimation of digestive enzymes present in the· stomach of 
M. hendersoni hendersoni (de Man) 

Sl. 
No. 

... I. 

2. 
3. 
4. 

5. 
6. 
7 .. 

8. 
9. 

10. 

12 

Duration of reaction and·· -Control experiments 
Substrate extent of digestion 

after after after after after 
24 hrs. 48 hrs. 96 hrs 48 hrs. 96 hrs. 

1 % -Starch solution + ·+ 
1% Sucrose solution + + 
2% Maltose solution 

2% · Lactose solution · 

1 % Raffinose solution ± ± + 
I % Inulin solution 
1% Salicin solution 
Saturated Glycogen ·solution + + + -
10% Gelatin solution + + + 
Condensed milk Colour changes to yellow · .. No change. 

•++. an intensive reaction; +. definite positive reaction;. ±, only a trace of 
reaction; -, no reaction. 
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. TABLE V: Qualitative. estimation .of digestiye ertzymes present m the intest(ne 
. of.M. hendersoni hendersoni (de .Man) 

.SI. 
No. 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Substrate 

1% Starch solution 

2% Sucrose solution 

2% Maltose solution 

2% Lactose solution 

1 0 I 
lo Raffinose 'iolution 

1% Inulin solution 

1% Salicin solution 

Saturated Glycogen solution 

10% Gelatin solution 

Condensed milk 

Duration of reaction and extent 

after 
24 hrs. 

' 

+ 
+ 

of digestion 
after 
48 hrs. 

± 

+ 

+ 

+ 
No change in colour 

after 
96 hrs. 

+ 

+ 

+ 
+· 

Control experiments 

after 
48 hrs. 

No change 

after . 
96 hrs. 

* + +, an intensive reaction; +, deflnite positive reaction; ±, only a trace of 
reaction; -,.no reactioni 

DISCUSSION 

The freshw:1ter edible prawn, M. hendersoni hendersoni (de Man) on which the 
present study is based, occurs commonly in the.streams of North-Eastern region of India. 
The adult.measures from 40 to 75 mm in length and are omnivorous in terms of feeding 
habit. The alimentary canal consists of the appendages (three pairs 01 maxillipedes, 
a pair of maxillae, maxillulae and mandibles), compactly built cardiac stomach, small 
pyloric stomach, long narrow intestine and a very well marked rectum. The stomach 

.i~- covered .with disc like hepatopancreas which is responsible for the secretion of enzymes 
:and. for storing the digested food. . . 

. Yonge (1937) has reported. that there is a definite correlation between the food 
-'and the nature as well as th'e relative strength of digestive enzymes of Nephrops norve­
gicus. Agarwal (1964, 1965) has reported that the medium in the gut of Orchestia gem­
~marel/a·and. Gammarus pulex is throughout acidic. In the intestine and rectum ·of M. 
hendersoni. hendersoni (de .Man) the medium was- t'ound to be alkaline whereas in other 

: 13 
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·part~ it has been shown considerably acidic in nature. · This can be. due to the omnivo­
rous feeding habits of the prawns. It is also found that starvation of the animal alters 
the pH by increasing the concentration of the media. However, selective feeding seems 
·to have not much effect on the pH of the gut. 

The hepatopancreas appears to be the main seat for the secretion of enzymes. How­
ever, most of the enzymes are also present in the .stomach. It can he correlated with 
the fact that enzymes secreted by the cells of the hapatopancreas are carried to the pyloric 
stomach through the ducts. Nicholls (193-1) and Agarwal (1964} have reported the role 
of ventral caeca of Ligia and Orchestia in food digestion.. But in M. hendersoni hendersoni, 
it has been observed that the digestion takes place inside the pyloric stomach. 

The qualitative estimation of enzymes reveals that all the enzymes are present in 
some or other parts of the gut. However, the hepatopancreas is specialized in digesting 
the carbohydrate whereas the stomach for digestion of all types of diet. 

In the fore gut of Orchestia, -Agarwal (1964) has detected only amylase, glycoge­
nasc and invertase whereas in the oesophagus of M. hendersoni hendersoni, as found in 
the present study, raffinase is also present in addition to those of Orchestia. 
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1\ is ~- tikdy that 1bi5 may be ~ 
in nature- In this c:oa~t,- ids of.~ 
to mrntion that glaudhlit:"~~-·p"Rib'~" 
mg rrial pheromauc ~~·~V~nid::tc) 
be prCSC'IIt in the tibia Oi' ~,.,on~! 'i!ft·. 
Crrmm~~ ~,-ro_ 

Analysis of movemeot picturc5 draWn 
arbiuarily ibows that the movement of 
Wrri5 sp. is achieved by tbc activity of both 
middle and bind lc[ls in tbc ro-.••ing ruokc 
and not_tbe middle legs alonc

11
h is possible 

that tileR msecu may ba<we tbc ability to pro­
rr~~. using· 3 surfacr tct1sion loweri:Qg 
mechanism ~s have bem studied by Jenkins'! 

for Dimtous t:onulcsnru. 

· Prcr aDd mesopods rest on the water for 
tbr full lctlgtb of the tanac aod mCtapodia 
for the full ~th oftbc tibia and without bcillg 
being wetted. they arc "''aler proof due to the 
favourable form of extremities, suitable sur­
face struelures BDd hydrophobic sc:cretiomD. 

Jt is probable that the water proof arriiDJC"' 
ma~t seems to allow imparted by the &ian. 

dular stniCtUre of lht tibia. which_ live on 

thr surfacr of ,.·atcr and also may pmetrate 
the wrfacr layer -...ith cxnain tarsel paru 
usually with tbc claw' as in MpopiJib.u and 

VW<>-'-

'Tk joint of the meso and mctapodia are 

'consuucud in such a manner that they allow 

two axil m-e perpcndiaalar to cac:ll · odlil!trc 
For this n:ason, the tip of au otherWik 
immobile leg can describe a spherical IDOft~ 
mcnt around tbc iotcncction of the two axis · 

of the joints. Horizontal movements arc 
achie-·ed only by meam of the COlto-lrochantc­
ral joint, vertical mOft'IDCDts by means of 
the plcuro-coxal joint. In addition, tbc 
direction of pull of the corresponding musdcs 
is perpendicular to the axes of the joints"­
Tbis arrangement allow optimal use .of tbc 
muscle power-

The femoro-tibial joint of tbe middle 
leg of Gcrris sp. is a single axis hiJt!e with 
an effective angle of ISO'. Shon lcleritics 
arc inscncd in between the tibia aod tendon. 
like apodemcs of its flexor and extensor 

-Dlllieles. Flexible at both ends.. the aclerites 

Clttcnd tb~ angle of leverage by 120' iD the 

-case of the ateowr tibia and by 60• in the 
cueof fkxor tibiae. 

At the beginni~ of tbc: power sttotc. 
tbe propodia are lifted off lbe aurfac:e of 
the water BDd the mesopodia..Uc: very rapidly 
aa:eleratcd backward (Fig. 4). 1bey 
thereby produc:c an indcntatioo of tbt surface 

of the water which spreads as a wave.. Tbe 
mc&O-tarsus pushes against the anterior. Ilea 

Ude of that pan of the wave which is spread­
illg coWa.rds the ~c ct1d, thus farther 

ex.crcmcly .. -ide movemmt iD part paralic~ co aa:.derates the animal in the forward direc-
dle ~ of the wau:r (cow-trochanU:ral boll. nus requires that tbc: middle leg is 
joiot aud ~a-tibial joints: deooled always moved to the rear at the same speed 

by ~~ circle as in Fig. 2} and in pUt or . somewhat faster tlwl tile speed with 
pcrpcudicular ·to the longitudinal axis (PleD- which the wave spreads and 5Wimmcriag 
.-ocoul joints, dalofcd bY mJall c::irda iD speed a1w am be ~ as iD thr .,-hir-

Fi«- 3). lili! bu:des. ~ No badwarcl 

. '- -Ail tq jgillts acqJt die tara! . .,;ciait ·are · -~t wu Obtd~ 
"'Wen developed binp ;omn. ~'-.·. __ .;,~.,diit~ . 
ud caaD-trodwlruaJ ;omu of tt~e·:q iC:H.i ·:, The · c:tiitiooas-~ ~ proftks ·a 
the -.a of a IIDiwnal jaiDt hi\)'"jj;\p:;,'jb- ··- Wo.·~ I:Dd liiPt ~ wldcllls ~ 

cl 

I 
j 
I 

I 

- l.OCOMJiano PATr&.NS A'ND IU!LATED ADIIPI'ATIDIIIS OP ... lila • 
ecooomical IIDd .dlicicut thaD cadoU;ddoa 
of comparalMediliacnsioo. The ~bilily 
to water in aquatic insects is inve-rxty 
proponional co the dqrft of <kvdopmeut 
of the epicutide and the detail r.tructurt of 
the epicutic:le varin from one insect 10 

another". In ~ there is an iaaCr 
cuticular layer, thea a layer of wu and 
frequently a layer of _c:cmml over this. 1k 
wax of the epicuticle c:omisu of lOng chaiu 

hydrocarbon and the esu;r of fatty acids aod 
alcoholic group The mol~lcs of the IDODo­

laycr may be very close together and inclined 
at an. angle IU that tbcir partiq is cloK 
as po>Sible and the 5pac:c bc:tWc:co them are 
extremely ADall'' This provides the water 

proof layer of tbe cutick since water is unable 

to pas& bictwee~~ tbc closely -parl.cd wu 
moiCQI.ics. Thii type of the .uucturcs may 

pre;cnt-•hicb provides tbeir, hydrofuge pro­
pcn.c:s to the aqll&lic bug~. and tlic CUlicle 
of G~N'U sp. IS h.arcieDcd by pbcuolic tanu101 

which Suits wry weU co in aquatic mode of 

lifcJ&. 

It is wdl bowa that a fusiform body 

off crs less re5lsauce to tlle ft uid aAd this is 

solved by tbc stream linin& of the •lc:udcr­
body in tM bug. Gerri3 sp. The body ·~pr 
of the bug varies &om 30-40 mg •bose 
mean wci11bt is 35.5~ ± 2.30 mg. This g•ves 
tbc co-dlicicnt of variation aboW I U% 
which implies the n:lariYe dcprcssioo of tbrir 
body weight. Tbe body lcnl!th of the boa 
varies from 0.65-1.7 em and the mean lenstb 
is 1.24 ± 0 06.- It lhoon that the c:o-dfi.:icDl 
of vanatioo is about O . .l(rJ. wbich dcooles 
their relative dqweu&oo oftbc body sizL Tbc 
mean lcqlhof the maopod.ia 2.58 ± 0.05cm 
and IIICI8podia is 2.16 ± 0.034 C1D. 

Tbis iDCiicata tbc CDodlic:ialt of variuioa 
is 0 . .25~-~ and 0.1r;; rcspa:I:Hdy •. By CXJI'dll.. 
tin& ·the body laslttt aad IIICS' wtapldia-

it was foand ttaat thrir ..,_ ~ OCii •Ciabou 
is qaitr si~ tf i8dicatn dlat· piruhdllr 
wtlb tbe relatiYc. ~ ~ tbeir ~ 
4qex the •llpftd of tbc kx:ocDoboo ia ..... 
more dfcctiw. 

AcbeWI Ia •• 
k is a pleaRue to ~ OQf tballh Co 

Dr: R.G. MichKf. Profrwor of Zoolou. 
Sc:bool or Lire Scictlcet. ~fasten! HiD 
University. SbiUoog. foe ~ ill this wort. 
0ac of ua (NGI is ar&~cfal tD. c.ua. ror .,.' 
the fioaaciat auiv-

fq' -••A!f .... 
··FiJ. I. Tbc~,-atcrsbtcr'. G.nv 

Ill'- fi&. 2 Gori.rsp.·iu.-RS_tina ~donal 
view)-Ta. tarr.us; Ti. tibia. Fe. femur. rdcv ... 
joonts arc indicated by unall circles; lbe Dis 
of tbe joiota is io the C:CUtQ of thc circlet Mel 
pcrpcudicular to tbc swfac:c of the paper, P• 
metapodium. P1 maopodiom Fia- l. 
G~ri.r lp io rcsti .. po.itioa (CilDdal Yiew). 

Fir- 4. Simplified brt-ral .. .._ of G-rtl • 
during a jump ltrai,bt ahnd. llle. an­
iadicatc the mapitude a1M1 dircc1ioe eJI 
c:orrnpoodins body ~ria (from 1np ao 
bouom}. FiJ. S. Tan&u pan ol Propodiue~~; 
G,. G.. G1 arc rbe alandular anactwft: T a; 
T,.. T, arc the tarsal panli rcopccti\ocly. F•- 6. 
T ar.-as part of mcsopodium; Fra. I. Tar: .. 
pan of tnetapodium. Fia- 7. Diaantma~¥ 
repro:untation of ei6bt distiiiCf pau""" al 
locomotion and ftlatftf up fOI'raed !a) 
Scmi-rowtna lJJIC mO\'laa ill cluc&•iae 
dircctioa (b) ~IDJ tyJIC m-iD& m· 
at1ti -clock wiae dira:tioa (c) l.capiaa but 
YCrJ much umilar co jompiaa from •Iller 
AUf~ ia a Nnli,tlt liar (dl jumpiuJ lite 
mo~ ia a stnitbt lmr: (e} l•immiq 
and rowior t)~ durioc tbt •lower mow10a11 
witb a conn- -cba"re ill tk dir«~.ia. 
(f) simple floatit11 - wtlidt is C8U>IIId 
dacco&bc.~ ol~(~l~ ia 
Ulc fonn of uiaupiar palh (11J simpk _,__ 
AZIIIIi:DatJPD. 
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Abstract 

Analysis in the level of GABA in the cerebral and thoracic ganglia of the fresh-water prawn, 
M. bend.'!rsoni cachereosis (Tiwari) in cold acclimation reveals a significant decrease and is 

· diJCUSSed. 

Introduction 

Gimma amino b:.~tyric acid (GABA) is 
generally known as an inhibiting transmitter 
at a variety of Crust .ceans1 .~ and vertebrate 
synapses5- 6 • However, changes occurring in 
the levels of GABA in the different regions 
of the nervous systems under conditions of 
thermal stress in Invertebrates, are not 
known·: Hence, it is hoped that this study will 
throw considerable light on the changes occu­
rring in the level of GABA during thermal 
acclimation, thus, providing an evidence for 
one ofthe molecular mechanisms operating 
to accomplish cold adaptation involving 
nervous system. 

Materials and Methods 

The fresh water prawn, M. he11dasoni 

cacherensis (size 1.8 ± 0.3 g) wert: collected 
from Pontung stream and the control set 
were maintained in the laboratory glass 
aquaria at 23±2°C. The experimental groups 
kept in bread boxes in tap-water were accli­

mated to low temperature (9 ± l 0 C). The 

mortality rate of the prawns were minimised 
(unpublished thesi5 data, Goswami) by feed­
ing them with earthworm and maintaining 
the system und~r continuous water circula­
tion. Prawns were removed from the fridge 
and both normal and experimental animals 
were frozen in the freezing jacket of the refri­
gerator. The cerebral and thoracic ganglia 
were taken out with sterilized instruments. 
The tissues pooled from 10 prawns after 
weighing, were kept in a drop of normal 
saline at ooc homogenized in 0.2 ml of dis­
tilled water. GABA was determined by the 
paper chromatographic method of Roberts 
and Frankel as given by Colwick and 
Kaplan7 with proper modification on the 3rd, 
6th, 9th and 12th day of acclimation u~ing 
DU-2 Beckmans's Spectrosphotometer at 
570 mm. Suitably chosen paper blanks 
were always included. 

Results and Discussion 

The significant decrease observed in the 
level of GABA in both the ganglia (Table 1) 
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indicates the decrease in the producti~n · 6P;' ~-vity. It is therefore, possible that the decrease 

_;,this amino acid :as' an inhibit.or.yA1eurotranF · '~ "'•i in• the•Iht>t :orb:A. B/\ 'obs~r~~'d' ih 'tile 1 
present 

~ 'mitte~ du~i~g· ~~ld ~cclimati9n:· However;.; .1 study· .. rt)a;y'p6inf to higher :neur~Hal ~cti"Vity 
Nayeemunnisa and Leel~va~hY.~. _ _r_eporte_d. a. __ associated with the.,cold acclimated~state. Th'e 
decrease~·i;-the --le~~i-~f GABA in the whole decrease in the level of GABA on cold accli-

• • ' J-

brain of the fr-6g on cold acclimation. Baxters ____ m_~ti?~~mu~_!_~av~_le~_.!.9.~~~_?rease in the lev~! 
-reported~ that· physiologicar··sfress~ cause's~~ of its precursor, Glutamic acidaJ?d also an 

.~ ( 1 "1 l!,(. ' 
changes in · o.ver ·all GABA levels and that'. increased utilization of this compound via 

GABA acts_in inhibitory regulation -of ·neuro- - · GA:BA sl:fun:cpathway;·i·rillicafing- atigment"e<t' 

--- ~al acti~ity. Si_nce t~e altered environmental· , , ' oxidative matabolism.· ·A sifuilar explan~tion 
temperature is essentially a physiological ____ j1~ e~~rlier been .provided for the possible 

-- stress, th-e" decrease in th~ ie;~r~r GABA r,ole, of GABA in the homostatic c.ontr:ol or 
suggests a reauced aeti'vity of this amino-acid · brain metabolism in mammals u_nd,er condi-

in the inhibitory regulation of neuronal a~ti- tions of hypoxia6 • • " 

••'.' .... , 
., 

, . ' 

T AJlLEc. I -· 

, ~~vels of OABA in the cerebral and thoracic ·ganglionic p;ol;> of c:o~ti~I . . (23 ±ioq a,~d 
acclimated. (9 ± l 0 C) prawns,~ Macrobrachium'hendersoni cacherensis (Tiwari) ·· 

.t ;, 

'.'' ·l 

, .. , :•-! .> 
..,. ~· , ; , r; ~, , . 

Test 
'' .. ~ ,j - _1. l.! ~·: J ll 

:.control· :·i: ·: ··' 

Cerebral 

. ' 
,').: .. '' '_. 

41.0 ± 3.00 

.J,, 

~: '','.) "i ~ ' 1 ~ ,, ' . '. - ~. l 

22.0 ± 3.50. ·• ,. ' - ~ .,. I 
' 1' .• ~ •. ) " i -' ., 

-·:·":Thoracic •· · ... ,. : ..-, '· - i ~8-:o ± 2.5o , 
-- , -I , , ,. : ,., , .:·. · .n !.'I' ,_. .• · 

'. ~ ; '.. •) :I .. ' ( . 1 t .') :. . .. , ..... I' / 

.. .Table,l II indicates variation ih the de­
·~rea~e -~f GABA _during. the course-of' laccli­

mation.. Baslow!-0 reported such -variations iri 
th~; Ievels.-of GABA .and •certain othe-r amino 
~cid;.,d~ring. col.d·.acclimatiori. in tfie brain dr 
the gold fish, CarassinS. duratus:. ·•According 
to. Bas! ow. rdurjng :.Jhe~cqtirse of, ·a:cclifu1atioa l 

t~~~~ is;~_~)~iti~L s~o~k effect;•:<~~:..trafisient 
~sqillatory ./P~ripd ,and!::theri·'T a;-:'stahllized 
phas~.' In the light of this, change~:6ccurring 

,, ~~· ,· : f,·,,(l .. ,~~~ r:"''l ._,·~·\ •. , "\ \ ·ct;~-6 

'be! ween t~e.}.~~ ::t~d .. l ?~P:·~~y·~~?~Aqr?t~,ft~1d"i: 
·buted to the oscillatory penod m the process 

of acclimation (Table II). The.~tbotacic 

9angij}l_2ex~\~ite~1 thsn\?w~s_t l~vl9lJ?fi~AB.~ 
on the 6th a1r._ avp .I~.T?,h'\~1~ .}¥!<3!-'LQ1-:l_llWif had 
a high electrial and physiQlogical .activity on 
'J•(I!) \ (1 (J :•J;(•tq .. ;_ :/ u .,, .. t •\>''"'. .. 

tnat oa~, ~:qri(.lg ,?,CC!i~atipn·t . ,Sl!-9lJr.<!-fSteep 

~a.rip.~i9n iw~s. ~~}. ~~ga~d~4 ~9HI:J.~·~~.et-ebr~! 
ganglia_ ~I~h~;mgh. it •. r~~.i9.iNtd'"':-5t. \~i~Ili1Jcant 
decrease· in GABA on the 6th day (Table II). 
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. . . : ,. . · .. TABLE. II . ,.. . .·; 11; . ··.-:_,1 :;;:;!) ::.;rJ ;:!):D:b,;' 
.-.~, .... J.r·)-_.;., ,- '1 '···r~~ -.:·' ··-· ·r :_, r t~·;;, ·. ~ . . 1·~ ~.J _. u ' "'' . -. t.' . : ..... • ·,t. 

. . .... Levels of.GAB~ on different days of·acclimation in the Cefebral arid th'o'racic· ·ghngHonic 
· ~ p-~61s. ~f. p~~wn~ ... A.f~crobrachi!-lm h~ndersoni cacherensis (Tiwari)' i.:.,:~.:~ L ~~:; < )_'i ;•1, ·1 ~ • ~~ 

' • • • • • ~ } '~ l • • .. :. •' ~ j -~ I ' ' ' 1 •'" • ,!' • 

., . . '. \}' · . · eerebral~·- ' 

·- :~. 
'I .',j 

f !; (i . ,b;1,'~ ;!,' .'. ~: 
Control . 

~. , I .i. ~ • • , •• 
•' 

,'','ilr_. r.; i.J' 

... , s· . ) 

dJ ..... ·. :t"'. ~~ ' . - .. 
! c;i;);?~Y~ o.f-.ac~liwa.tion · Gerebrall :;~, · : 

~ • " • J ~ • 'i , • 1 I (' (' 

rn::::·)IJ.'j :,,;:fnoracic ·.··· ... ··; 
, .. 

) ; ' . . :·. 
.. ')3rd day · 
.,J.:L6th day 

9th day 
12th day. 

:.\. · '·'· · · · · · ·28'.'6' ± 2.'5Q . 
" '' ·: '25.o' ± ·1.'8.0 .. 

.,. . i ' J J • ~ . ,; t . i . . l.· 

,, , }.~.o ... :t.J,s(),, ~. . 

. ,·:~~'>(A !_ ~ •• :• <l ..... : 
32:0 ± 5.60 

.. · 21 o ± 1 so··- .. : ... , l I! (. ;J. '• .. · . ' J ·: . ' • .. • .. . ' 

31 5 ± 2.50 
.;.,.. ;. ~ • •..,. I 

22.0 ± 3.50 24.0 ± 2.55 

Y~!u~s, (mean :±:; .~D ,of.IO( 9,b.fervati.ons-po9l~} ar,5:,, ~xpressed as :micromoie·s ·of- GABA/ 
hiram wet weight oft~e tis~.~.e:. ,Vat;ues.,sl~riifiq~nt;'l:!! P;:;> ,o:OOI .. . :.·. '· • • 

' \ ._.- • • ' j • \ ',, ~ '~ ~ ' 

It is possible then._tbat-6th.-day. could-be~· 
--~·--'" ----. -------
marked as a signific~nt." transient period in ;, 
the course of acclimatibn. However, it is 

~.certain that GABAplays·a·sigrtifi'cailt ·rolt!in -· · 

the· achievemenl of thermai" compensation 
both. as a neuro-transmitter and as a meta-
boJite. 

1 ~ . 

, 4.. , Curtis, R.D. and Watkins, J.<;:.?'. Phar-
I express my ·gratittid; to Dr. A Raghu · ' inacoL Rev., 1965, 17, 347. 

Acknowledgement· 

Varman for valul\ble discussion and. 5. Elliot, K.A.G. and Van ·Gelder, N.M., · 

intere~t)? ,~~~s ~.o~_k Than]<:s .,~~e, als9 due. . ... c· J.-.·N.eurocbein., 195_8, 3, 28. . : 
to Prof. ·M.K. Khare, Head,. Depart~ent.of: ,9. Wood, J.D., Ex:ptl. Brain Res.; 1967~ 4;8'1. 
Zoology, N.E.H.U., for providing the neces- 7. Colowick, S.P., and Kaplan, N.O, Me-
sary laboratory facilities. Finally, I .will like to .J, .thpds in· Ehzymolog.y; :Ac'a:derriy ·,·Press 
• • · t - - . ~ ' t ' · . . J I\-· • • 

·abknowle4ge.'¢SIR:'for,th~·~~anfi~f ~~PBPPr~. --i::~) Inc ,_N.iY::., !.965,;6;!613.:/.~i ·.o e~.;;)·•:; 
8.: .. N~y~~munnisa·and Leelavathy,'Y.H.)nlf!. 

J :i.: ll;lip<;:)l~Ii'l:;Hiophys., '197),';1;2 {-2j~:r97: 
·Q. r.~a,x,t~r •. C.Fi., :Handbook of iJNe'uroche• 
· '')·mistry 1967.-d·· 289·-·-~"·;·) .: · :·: ;, '.' ··:·r 

:References : 
• . ' •. • f• •' 1 t <· . I I t' ; f; 

'I·. £awards; C. and · .Kuffier, :~.W .. ~ f 
, ~ ~ - · · , _/ • , t •} ' , I ·: •! , ~ ' J 

. ·· Neurocheni., 1~59,_4! -~~-)0:;. ·., r .: . ·; 
z:· . Florey, E. and CI'I:aprlian;:· rr.n:, ~omp. 

Biocliefu. Physiol., 'i96l, 3; 92-98~ 
3. ; ·Sdni'\rasail,' v. Ne·al; M:i. · ~nd Mitche.ll, 
~~., J:P.,: J. ·Neurocherri.,''I962,' 9.~· 465. . · ~ 
'~ 1 ., ' -'-" ' j J, ~ ' ' 7 ! 'I , '• j ,!_,, • , "" ~ ;\ 1) 

'J. J l l ~ - . ' . - .. ' )' , • 

IQ~,: :B~.slo.w, M;H., ·:Moieciiiarr .'JMecha~isms 
qf temprattire Ad·ai>tation; .: ed: ·by ·cJ~! 

~- .. J>ro.s.sei\ Washington .ID.<t:; 'AAAS;-:1967! 
205 · · · · • ' 1 ·• • : ' • • • rkr ;::,. : :"P··- .. . :·.: .. 'J ,-:.) •.•.. ' __ , .• ·- -· 1 



J. Crustacean Pathol., 24(11): 742·43(1982) 

ON THE EPIBIONTS OF MACRO BRACHIUM HEN bERSONT HENERSONI 
{DE MAN) FROM A HILL STHEAM OF MEGHALAYA ·· 

N. ·Gosw'A'&u NEER'JA· M!sHi{A ·AND A. K VA.RMA.l-:l• 
'Department of zo'ol6gy, North-Eastern Hill University, .: 
Shillongc7930f4, lodia i . . 

Abstract : . Epibionts .were noted o t adult hill stream prawn, Muciobrachium hendersoni hene1soni ( ceMan). Males v.·cre the rnajo;. 
victims in the form of dense algal grow1hs, covering lTJUCh .of the caraP,ace. The large iPfest~d rnaJes were slug·gish and in some r.ase fun­
ctional!y'blind due to the algal covering. [ ggs of the water. boatman,' Ra•l!phocorixa sr. ~ere noted on 65.4% of the females (mean 
size 3.7~6.8 em) arid 6.7% of the males (mean size 4.5·-6.6 em) collected in the month of September, 1()80 from th~ Umshlng stream: 
Egg de'po~ition \va·s limited to the ccphalot·horax .. These insect epibionts appeared to cause no major. damage and disappeared shortly 
after the infected prawns were retu·rned to. laboratory aquarmm. 

'· 

Introduction : Macrobrachium hendersoni hendersoni 
(de Man) is commonly. available in almost all the lotic · 
water bodies of East Khasi Hills of .Meghala.ya. The 
tender young ones of the cultivable pri>.wn require special 

·care and treatment before they are transplanted from the 
natural conditions to the new habitat of impoundments 
·(Smith et a!., I 976; Goswami eta!., I 982). The present 
communication reports on the occurrence and spE;cificity 
of two epibiont's1 of M. hendersatJi hendersoni._ 

' Materials and Methods : The hill stream prawn, M. hen-
dersoni hendersoni (de Man) were collected from Umshing 
stream (about 25 Km from Shillong, East Khasi Hills) 
and the culture were maintained in the laboratory glass 
aquaria at 24±3°C and the mortality rate of the animals 
were minimised following the technique of Goswami 
(1982). T_he ovigerous animals obtained were maintained 
seperately in the laboratory hatchery. Spent female 
from the hatchery were regularly restocked. and the 
h.atched post larvae were individually measured, sexed 
and visua.lly inspected for general condition and presence 
of· parasites, diseases ·and epibionts. t-tests (Snedecor 
and Cochran, 1968)-'were employed to test for statistical 
significance between me<J.n prawn size of infested and 
non-infested male and female prawns.· The chi-square 
goodness of fit test (Sokal and Rolf, I 969) was used to 
examine the possible relationship between deposition 
of water boatman eggs and reproductive stage of female 
prawns. 

Observations : Dense algal growths on the exoskeleton 
were observed among 42.0% of the male collected from 
their natural habita.t. No females with epibionts were 
observed either C'.t this time (July-October, 1980) or later. 
Algae covered most of the body surfaces including the 
eyes. Prawns displa.ying this "moss b?.ck" condition 
were sluggish and appeared to be in poor he?.lth. 
Identification of the a !gal covering showed that it was 
comprised primuily (about 90 %) of chlorophytes 

*previously called A. Sannasi 

(Oedogoninm sp. and Spirogyra sp.) with cyanophyte 
(Lyngbya sp.) the sec0ndary domimmt. The t-test re­
ve;i.led no difference in mean size of infested and ·non­
infested male prawns. 'Females- harvested, carrie'd 
eggs of -the water boatman, Ramphocorixa sp. The;se 
eggs supported on pedicels, were usually located on th'e 
posterior portions of the cephalothorax although som'e 
were also deposited l?.terally on the first two abdominal 
segments.. Female prawns were grouped separately by 
repro~~cttve stage and analysed. for incidence of egg 

.deposrtton (Table-1). The cht-square test did not 
detect any relationship between egg deposition and 

· and reproductive stage. Also, a t-test detected no diffe­
rence in -the mean weight of infested and· noninfested 
~emale prawns, Thus, the deposition of these aquatic 
tnsect_eggs appears to.ha.ve been random with respect fo 
stage m the reproducttve cycle and size of pr<.l.wns. Like 
the aJgal infestation observed in the special "brood stock," 
this epibiont appeared to be sex specific. No detrimental 
effects ass0ciated with the infestation were noted. :· 
Table I 

"·Data on stage _in _reproductive cycle of fem.ale prawn, 
Macrobrachium handersoni hendersoni (de Man) harves­
ted from the brood· stock. fncidence· of egg Neposition 
by the wat~r boatman, Ramphocorixa sp. is shown .. 

Stage of Harves- Mean Incidence of 
reproductive cycle ted ~ize intion. 

(no) (em) (ito) (%) 
--

Ovigerous 3 I. 4.4 24 77.4 
Ripe ovaries* 15 3.9 6 40.0 
Non ovigerous and 
without sign of ripe 
ovaries. 6 4.5 4 66.7 
Total female 52 4.2 34 65.4 
Total male 32 4.9 2 6.7 

. . •Bright orange ovaries seen through cephalothorax 
rndtcative of impending molt fo!lowed by deposition 
of eggs. 

~74,2 
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Discussion : The presence of "moss backs" among po11d 
reared M. rosenbergii has been noted on some commer­
cial farms (Hall, 1977; Smith et a/. 1979). Hall (I 977) 
reported maximum infection rhte of 0.03% and the res­
ponsible organisms were either Epistylis sp. or Zootham­
nium sp. or both. In Hawaii, severe infection of Epis­
tylis occurred among prawns reared in ponds having .a 
water hardness in the order of 300 mg/1 (Goodwin and 
Hansen, 1975). In Florida, Hall ( 1977) reported that 

. adult prawns exhibiting extensive algal growths on the 
body surfaces also supported the greatest diversity of 
epibionts. Species composition of the algae was not 
noted but the other epibionts included : Cothurina .sp., 
Epistylis sp:, · Tokophyra sp., Vorticella sp., Zootha- . 

. nium sp. and Aci!Jefa sp. l)sually these epibionts were 
observed on the egg masse$ and some eggs were directly 
or indirectly killed as a result. However, no mortalities 

. among the adult prawns were no.ted. The algal growths 
· observed on the male prawns in the carolina brood pond 
consisted· primar-ily of. Oedogonium crassiusculum and 
Lyngbya sp. · (Smi_th et a{, 19.79). In all cases, the 

. 'infestation was extensive and the prawns demonstrated 

. limited ·mobility, sluggish. r~flexes aqd in some ca·ses 

. functional blindness. In ·the preser1t study, it was 
observed that, this functional blinclness resulted in 
death due to .. bird predation as on occasion heavily 

· infested prawns could be seen in the qoarder areas of the 
·stream during day light hours. It is not known whether 
the poor condition of the prawns eJ1hanc.ed settlement 

·. of the algae or was a result of the infection. In spite of 
this condition one infested male was observed in the 
laboratory to mate with a sexually ripe f~male. Further, 
after placement in indoor tanks, the prawns readily 
lost the algal growths and their behavoir returned to nor­
mal. Smaller prawns (1.5-4.0 em) grown at the aqua­
rium did' not acquire the extensive algal growths on the 

· exoskeleton. In addition, "ten small males (2.5-3.8 em) 
. were accidently stocked in the brood stock aquarium 
with returned spent females and ·these males did not 
·support algal growths. 

Forbes (1876) first noted a relationship of Ram­
phocorixa acuminata with cray fish. A!:?bott (1912) 
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provided a full description of the egg deposition by thjs 
species on the cray fish, Cambarus immunis in Kansas. 
Hungerford (1919) believed eggs were deposited on 
those areas of the crayfish most likely to receive aeration 
by water currents from the gills. This peculiar rela­
tionship between the water boatman and the cray fish is 
believed to be . one of the convenience (Klotts, 1966), 
However, two small adult male prawns (mean size 2.8 em) 
of ten accidently stocked into the brood stock aquarium 
'did harbor eggs of Ramphocorixa sp. The occurrence 
of water boatman eggs on prawns does not appear tol 
be a physiological problem. Infested prawns were inJ 
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. 
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Carbohydrate levels in the h~ll stream crab Paratelpl1usa cunicularis Westwood in relation · 
to sex, size and nutritional state 

N. GOSWAMI AND NEERJA MISHRA 

Department of .Zoology, North Eas·tern Hill University, Shillong-793014, India 
(Recieved 7 September 1982) 

Metabolic picture of crustaceans is a complex one 
<lue to phasic nature of various biochemical events in the 
intermolt cycle. Shedding and renewal of integument are 
the most prominant morphological events, and the 
underlying variations in carbohydrate metabolism are 
far more complex. Information on carbohydrate meta­
bolism and its endocrine control bas been reviewed 1- 2• 

The present communication reports the pattern of quanti­
tative distribution of carbohydrates in relation to size, 
sex and starvation iri the intermolt stage of the hilr 
stream crab, Pdhuelphusa cunicularis Westwood .. 

P. cunicularis were collected from Pontung stream 
(72 Km from Shillong) and were cultured in the labora­
tory aquarium during September 1980. Stage in the 
intermolt cycle was identified by the criteri.a of Drach' 
as modified by Kincaid and Scheer 4• Gravid and 
injured crabs were not used. Animals were weighed to 
the nearest 0.1 g before they were sacrificed for chemical 
analysis (females weighing 5.2 to 32A g; mean 14.2 g 
and males weighing 4:6 to 28.4 g; mean 12.0 g). Haemo­
lymph was drawn with a hypodermic syringe through a 
puncture in the arthrodial membrane at the base of 
walking legs. As Dean and Vernberg5 reported the 
existence of a diurnal cycle in blood glucose level in 
Uca pugilator, haemolymph and tissue samples were 
taken mostly in forenoon period. Glucose concen­
tration in whole blood samples was estimated following 
the ·standard· method 6 • Total carbohydrate in the 
trichloroacetic acid supernatant of haemolymph was 
estimated with anthrone reagent 7• Glycogen from 
hepatopancreas tissue was extracted with cold trichloro­
acetic acid, precipitated with 95% ethanol and estimated 
by anthrone method 8. 

Greater individual variations are seen in the blood 
carbohydrates of freshly collected P. cunicularis and 
these :variations are not related to size and sex. The 
variation is more pronounced in the total sugar level 
of female crabs. Several factors like handling9- 10, 

asphyxia1 \ temperature 1 2, stage of reproduction and 
diurnal cycle5 are known to cause variations in crus­
tacean blood sugar. As all the crabs used are in inter­
molt stage and since the determinations are made in the 

same season, the ·variations are probably due to diffe­
rences in the nutritional state of the animals. Crus­
tacean liepatopancreas is well known. to be a storage 
site for glycogen and its quantitative distribution show~ 
great vanatwn. In P. cunicularis the individual varia­
tion in hepatopancreas glycogen values is· less when 
compared to haemolymph total sugar, the range being 
2.22 to 5.86 mgfg wet weight in females and 2.94 to 
6.45 mg/g wet weight in males. The difference between 
the mean values of carbohydrates constituents in females 
and males is not statistically significant in P. cunicularis 
(Table I). Similar result was reported for haemolymph 
glucose in blue crab, Cal/inectes sapidus5- 13 • . Studies 
on crustacean blood sugars have been revidted !1_15. 

Glucose is known to be the chief circulating sugar in 
crustaceans. However, this situation· is ·not universal. 
In P. cunicularis glucose forms. less than .15% of total 
sugar in haemolymph in both the sexes ;ndicating that 
there . are other transport carbohydrates of equal or 
greater importance. Similar result was reported· before 
in Hemigrapsus nudus 16-n, Cancer magister18 · and 
Callinectes sapidus5• 

There is a decrease iri all the carbohydrates consti­
tuents in both males and females after 30 days of star­
vation. Starvation values are s.ignificantly different 
from those of freshly collected crabs except for hae­
molymph glucose in males. Individual variations found 
in these animals are reduced in starved animals. It 
appears that all the decrease in haemolymph carbo­
hydrates ma:y not be due to their utilization as energy 
source during starvation, starved haeniolymph sugar 
levels may mostly represent steady state concentrations 
while the higher and scattered values in freshly collected 
crabs may be due to differential alimentary glycemia. 
The significance of the fall in blood glucose as per cent 
of total .sugar in starved females to a low value of 4.6, 
is not clear while in starved males the glucose-total 
sugar ratio remains at the normal level. 
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Crustaceans show great variation in substrates 
~sed during starvation metabolism. No change in 
glycogen and fat was observed after 23 days of fasting 
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Table I 

Concentration of haemolymph and hepatopancreas carbohydrates in normal and 30 day starved P. cunicularis Westwood 

- I 
Nature of the animals 

Haemolymph total 
Carbohydrate 

(mg/lOOml) 

Haemolymph glu­
cose (mgflOOml). 

Glucose a.s % of 
total Carbohydrate 

Hepatop~mcreas 

glycogen 
wet wt. 

I. Fresh crabs 46.6±I5.0* 5.2±2.2 14.4 3.92±0.12 
(female) 

2. Fresh crabs 42.0±6.24 7.6±3.2 I6.2 5.25±1.50 
(male) 

3. Starved crab<: 24.0±8.40 1.30±0.67 4.6 1.12±0.66 j 
(female) 

4._ -~-~-~-~-)d __ cr_a_b_s __ ~~--30_._2_±_5_.2_o _________ 4_.8_4_±_1_.2_l _____________ I9_._2 ____________ 2.22±1.60 __ j 
•mean ±S.D. 

Level of significance : 

(a) Differences between 1 and 3 : total carbohydrate and glucose at 1 % level and hepatopancreas glycogen a1 
2% level. 

0 

1 

glucose not significant. · 
(b) Differences between 2 and 4 : total carbohydrate and hepatopancreas glycogen at I% level and. haemolymp.n\ 

(c) Difference between I and 2 : all values not significant. 
in Hemigrapsus nudus19• Cray fish, Orconectes virilis pancre~s and that lipid is used at a raptd state. It ts, 
does not utilize glycogen as the main energy source sc:en in the present investiga_t~on that both males an9 
during long term starvation20. It was also shown that females of P. cunicufaris utthze hepatopancreas p~ly~ 
substrate utilization varies in different tissues 20. Stee- saccharides during a 30 day starvation period. Kot~al:i1 
ves21 reported that glycogen is the major· metabolic and Rajabai 23 while studying the effects of starvatwn1 

substrate in isopod, Lirceus brachyurus. Adiyodi22 stress on temperature acclimation in P. hydrodrom_ou~i 
after histochemical examination reported· that P. hydro- showed that glycogen is used as an energy source rap~d!Y, 
dromus after a two month period of starvation accu- in the first two weeks and it becomes secondary to hptd 
mulates polysaccharides in the storage cells of hepato- duri.ng prolonged period of starvation. 

The authors are thankful to C. S. I. R, ~ew Delhi for the 
financial support in the form of rt~search fellowship. 
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Oxygen requirement of the bill stream prawn, 
Macrobrachir~m henderson# cacher~nsis ' .,..,, \ . 

(Tiwari) fry 

In scientific fish-farming, aimed at maxi­
mising production with minimum costs, 
.utmost care is to be observed at every 9tage1 

tq w~i!=h, nursery rearing of the seed occupies 
-'~ ~9tP-9rt~ot position. The tender young 
:ftq~' ~f the cultivated prawn require special 
.,.C.!H~ ~p~ tfeatment before they arc transplan­
t!:~ fr()m the natural condition to the new 
ha~iti\.& 9f impoundments. The delicate post­
larv~~ Pl~Y not readily adjust to the pond 
condHi~o,s and undergo large-scale mortality 
~e, to Ute changed physico-chemical and . 
biotic environment~ Oxygen requirements 
~f spa~n, fry and fingerlings of major Indian 
.oa.tpl have been studied by many workers'-•. 
,/t. ,precise knowledge of oxygen requirement 

of the aquatic animal Apecies would be of 
ponsidc~ublc help in the trnnRport of ItA seed. 
Keeping .thiR In view, an atl(mpt has been 
P,tadc to study the oxygen consumption of 
Macrobraclaium hertderRoni caohertttllh fry 
'. ! . . 

~lllch arc commonly ~~q!l!lble !n '~~ w~~' 
~hasi Hills o.f Meg~"'~y~ ~~~ th~ r~~HH~ ~rp 
FJTibodied in the pre~~r. J fl~f~· 

fry of M. hmdep~ml cacheren~;.~ W.~f@ 
fR!I~cted from Pontung (near Daw~h M~l-= 
h~fJJYa State) stream and were acclirp.~fi~~~ 
In glass.. aquaria employing the tec~~i~H@ 

used by Ooswami•. The oxygen-consHmp," 
tlon rate of prawn fry of different size groupe 
and some of the physico-chemical parameters 
of the water were studied by the method 
used after Banerjee el al 8 • Many sets of 
experiment were conducted with stream 
water and the average is reported in Table I, 
Oxygen requirement per fry per hr 'r~q 

calculated from the amount of oxysen c~~~ 
sumed by 20 fry In 4 hrs. (Table 1). On th~ 
basis of the oxygen consumed by the fry, the 
amount of oxygen requi~ed for the respira· 
tion of 1000 fry for 12 hr of transport fa 
calculated (Table 2). 

The availability of oxygen in water bas a 
great influence on the distribution of aquatic 
animals 8 ''. It was also investigated that the 
relation of the gHgcn consumption to the 
oxygen concen,ration of the habitat and 
tried to correlate the results to the natural 
distribution of the animals 8 • In the pres~nt 
study, it was observed that t~~ ~~nf~~ 
consumption rate of fry (size gro\J.e ~-\' ;~~ 
19·29 mm and 29-39 mm Is 0.621 0.~~ ~._4 

'' TA8LI I I Phyelco-c:hcmlcal condltloA of the water before and aftU. ~he experiment 
. ' ...... ~---. '·• 

·No. of 
.... ·~ .... 

t)ilsolvcd 0.yaeD CODIIUmecl Tempe· Total alta- Coo~¥,~\\'~ ~~~0~ 
PIBWD rature pH II oily vi~. _4W.x~de oxyaeu Ia 4 bra v 

~W,a,IU ueed ("C) (ma/1) (,.mho(~~ (ma/J) (ma/~), 
-:-. 

.I-~ • ~-- . loiclaf 20 u.o 6.10 21.0 4:1.5 :a.oo 9.6 l'•c. 
~--. ·.'i Fiul JO u.o 6,yt. au .. .0 a. so .e.o 
-. ..... 
- ~· 

• •! . .. 
i(\ Innlal Nil 15.0 41.80 lll.O, U.5 . 2.00 '·' Coacrol 

Pinal 'Nil u.o 6.YI 2~.0 ~;·· 
2.0t. P.f 

' .:.- l':...·-~: - '·!J:,·:..; 
1' ; .... 

~- ~ VOl.. 4P NO •• .. , . _o·'-
(' ...... '· .. 

........ ,,, 

I 

• 



, YAILile l\ata .. .., ... tMa*"f&'- aat4 aa •al~U\&on ot '"• amou•t of ottr ... 
r-..lM41v "'f&tadoa e1 If, ~,.,,1 tiulttnll'SI frr durlitl lrueport · !.I. 

Sial of'"'..,("*) ~b\ at tlle kl t• • OlJIOQOOll• Oxraocardq.., .. 

raoao .~ .... tutt . .... '"mptlon per ror.aooo frJ fol 
. fry/b( (mJ) 12 hr(mi) 

9-tl) ••. 0 JSO.l80 SU, 0.01 2.0 
19-li 14.0 . 310-SlQ .so 0.042 504 
29-l!l l4,0 S10-t$Q ns 0.122 1464 

0.122 mefper fr¥f~r br) Vlltita QOntldtrabl¥ 
but It fhu~tuato.a maximum In uac of tbo 
larger fry, Tbo pH of tho water ftom Ua 
natural habitat waa ali&htl)' aoidi<~ and aftor 
4 hr of rcsplrllUOnt tho pH aot aUsMly mOto 
acidic •. Similarly, aomo of tho otbcr phyaloo­
cbcmical ptmunetc.f& alao fluctuated to aomo 
extent (Table 1). Tbia chango in tbe physic~ 
chemical parameters can bo aUfibut~:d to tho 
Olltabolic activity Of tbo biotio oomponent& 
of the water lnQludina tho prawn fry. Tbe. 
wide fluctuation in tonna of tho Olt)'&on 
consumption of tho laraer forma auuoata 
that transport of these typo ia moro riaky and 
the fluctuation in seneral indic~ttea eho re41u" 
latory babila Qf this prawn apccies, i.e. tho 
fry retain thQir OX)'iCil consumption n:tati .. 
vely unchanged in spite of varying oxuen 
concentration by a compcnsl4tory respiC'ahn~ 
mechanism 11 , Put tho OJtyjon requirement 
<:urves of auy reaulator apecica have a 
marked turning point which ia called tho 
incipient lhnltina lQvel or the <lrhlcal 
point' 0 

' 1 '. 'fbia wu a lao observed by tba 
present autbou in thia apociea while trana. 
porting tho animtda from Ponatuno to 
Shillong under fluotuatinu enviro1imental 
conditions and finally resulted in hl&b. 
mortality rate. 

We are grateful to Prof. M. K. KhiH"• 
Head; Department of Zoology, NEHU· for 
providing necessary facilitica to cany out the 
present work. One of ua (N. G.) is also 
grateful to C. S. I. R, for financlal support. 
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Cel.tular modlficatioo of aclreooeortlco 
medullary tissues of immature uodet 

ACTH therapy 

Tho adrenal cortex and medulla activate 
when animals are exposed to various kinds of 
stressful stimuli'. Many attempts bavo bcou 
mado to investigate the mechanism of 1lmal• 
taneoua release of corticoid& and eplncpbriQO 
from the adrenal under different stresses•. 
ACTli release and cortic~ids patticlpatloo u 
IH\ ad"ptive response to stimuli or the rolo of 
epinephrine in emeugency situations bavo 

·boon well documented•'•. To our knowlcdao 
'here ha~t been no work on immature adrcno­
<:ortlcul responsiveness of rats under ACTB 
lnfUttion. So the present investigaUco .Ia an 
oxplor!4tion about the responsivcocaa of 
ACTH in the udrenomeduUllr)' celle of 
lmm"\ure rats. 
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· Macrdbrachium · ·'henderfoni cacherensis 
(Tiwari) is commonly available· 'in alrriost all 

the lotic Wl!tet bodi~~ oi'- Kha~i Hi_ll~,- Megha­
laya. A series of experiments on its seed trans­
port (size group, 9-20 mm) were conducted in 
uniform transparent _polythene bags without 
any _Told at tlieoo~~qin an~ having 1f ca·piicily · 
of 3~0 litre wa_ter ... · Condition~d seeds -~ere 
packeo. iri various ex:perimental_polythene bags 
with Uitre of str~am wat~r under different 
artificially created :oxygen conditions (Tab!~ 1 ). 
In one set of experiments, 'the volume of water 

and duration of- ti~~ w_e~e. :kept unchanged, 
~-~ereas the number .of seeds were increased 
from '2S'to)OO subsequently. In. othe~ set' 
duration or'i~a'nsport was increased from 12 t~ 
24 h and the number of seeds and volume of 
water were kept ·constant. All the. expei.iments 
~~::re r~plicated and the average mortality rate 
noted. Water ~arriples from the str~aJl! wer~ 
collect~d and analysed for certain physico­
dilemical fac'rofs :employing standard methb'ds 
(A.P.H.A:; :1955) ·as presented in Table 2'. 

bata revea'rthat 'crowding of the s·eeds is 
directly related to their mortality rate and their 
opti1nurrdevei :'is 7-5 seeds' p:er I itre (Table I/ 
W'hett :t:he seed num'ber was ·in'cr .!l'tsed -to I 00, 

•Previously A. Sannasi. 

I. 

the mortality rate approxi~ately doubled and 

further increase involved a steady rise in mort­
aii~y ra_te: The m6stoptitntim dissol'ved oxygen 
!~vel w.as found to be 9.5~10.0 mgflitre.. ·. · 

- The, ayailability of oxygen in water has a 
•• ' l•) ' l 

great 1_ntruenc~.on tne <:((str(6utl'on of aquatti::. 
a_himals (Berg, 1952; Eriksen, 1964; Kohstan­
tlt:JOV ,_1971 ). The~ a1so investigatect_the relation 
Of oxygen consumJ:>tion to the oxygen con~ent• 
fl!tion~bf the habitat and tried to correiate the 
r<!sults to. the natural distribution of the animals. 
Ctoswami et al. (1983) reported oxygen require~ . 
ri"tent of M. kenderso~l i:acherensis (size group 
9:o~ 19.0 mm)'as 0.02 mgfh per fry; and accor­
~ingly_ it was calci.Jia'ted that th:ey require' 36 
n1g per 75 fry ·arid 48 ing per 100 fry for 24 h 
of survival. But, it is 'noted 'from the present , 
study 'that"~he m~ximum 'dissolved. oxyge'n as 
tl!t'orded was ro:o mgfl, an·d thereby the· ·mort~ 
a~l'ify rate was only 1_1:4%_and'24%, respectivdy 
(Table· ·I): Thus, the prawns fry retain the if 
bxygen. consumption relatively u:richa·nge·d ·in 
:spite of. varying oxygen co·ncentdttion by a 
~t>mpensatofy respirato·ry ·mechanism ·(Prosser 
&. Btowh, 1961 ~.. H'owevef, it wa~( observed 
tl1at the_ seeds were more delicate and suscep~ 
t·\ble to injury at the time ·o'f handling. The 

.. Dept. of Bioi., Indiana Univ .. Blooming! on ~74 001, 'U.S.A. 
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Table 1. Mortality rates of post-larva of M. hendersoni caclzerensis und~r · variQus. experiment,aL aQd na!ura_l· 
oxygen conditions at different stocking levels. 

, :I I'., 1-·, 
1(-'.,,- ' Natural ~at.er 1 ·' 

~ . i ~ : ~ .. 
Seeds/ I 8.5 mgfl 9.0 mg/1 9.5 mg/1 10 mg/1 

A B A B A.' ''B '· ·' 
1
"A .:. B. B' 

25 5.6 8.4 3.6 '4.8 " 2.5; 4.1· ·: 2.5·, 4:6 '. 2.2 4.0 
50 7.2 10.0 49 8.0 4.5 6.0 4.6 7.6 3 8 8.0 
75 8.4 12.0 6.5 10.0 6.0 8.4 t 6.8 ' . 11.4'- ~· 9.0 15.0 

100 20.2 28.0 15.2 28.2 12.0 24.0 17 0 24.0 16.0 270 
'150 28.0 · •. 30.0 1~:9 .. \ •!29.0 ' 16.0 I 29.2,, 

) ' '}.8.0 ;.: ·.28.2 19.0.. . 34.0 
.. 200 38.2 56.0' 

' 
34.0' 59,0 \. .. 32.0 50.1 ; 38.2 l ' .59.0 o! .• 40.0 . 62 0 

'300, 52 0 . 67.0 49.0 ,64.0 
\ I • ~ ': 

48.0 59.0 •· 4,7.0, 54.0 52.0 72 0 

Average mortality %'at the end' of 12 h (A) and'i4 h (B). l ~ ' 

r , ' ~ , • • • , • I . • ' ·~ $ • ' I ' • 

Table 2. Physico:chemical'conditions of the transported water.: 

.\ ~ f 

' •!, . . 

Sampling. . \ : . ·Temp.· 
(•C), 

. 'P~ . , Total alkal. Cond~ct. : co,( . Diss. o~. ·:· 
(i.imhoicm)<) (~gfl)> 1 ·,(,-ilg/1)· 

• '1,' ·t i . .~ (mg/1) 

Jniti~l 

After 12.h 
After 24 h 

, _·1: c, , .JY..s .. : : . . , ;~.so .• L 22.0 · · ·· ''':42:5· "2.1~(' ,'I 9.6'·' 
; .... '44·.0·· ' ' 
. ' 4'6:0· 

:,,;; 16.6. ,_, ~; 6.70;·, ,r i2;1.5' 
19.8 6.65 . 20.5. '. 

2.20 I J 

" 2.28·, ': ,,-, 
9.2 
8 7 

.j, 

. ; t; . r 

other po~?ible reasons f<;>r high mortality during 
traqsport could be the effect of poqutiqn .. d~e 

to deco~position of dea~ ,seed. 
The physico-cheJ11ical conditions ofwater 

~uct~ated. considerably whi)e t_ransr,ortini, the 
seeds (Ta.b:e 2). , The pH of. the .. wat(!r from 
its natUial habitat was slightly acidicand aftt;r 
24 h of COillJT!Unity respiration as a, whole 

re~ulted il)more acidity .. Similarly, other phy~ 

~ic~~~qe,mical parame!ers. also, .fluctua~ed to 
some extent anc! these fluctuations can be attri, 

buted to the metaboli~ actiyity of tl;le _biotis 
~Om!punity of the wa_ter _including the·. prawn 
fry. ,, , ·_ . 

. · · One of us (NG) is th~pkfu) to CSIR, New 
Delhi for the financial support. 
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