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cally   with   the   birds   of   this   area,   but   it   is   fre-
quently referred  to  in  Hutson's  "The  Birds

about   Delhi"   (1954),   which   describes   the
status   around   Delhi   of   most   of   the   species   re-

corded in  the  present  study.  A  comparison
with   Hutson's   records,   and   also   with   the   status
as   described   in   'The   Birds   of   Delhi   and   Dis-

trict, Field  Check  List"  (1967)  provides  much
useful   information,   because   many   species
which   are   to   be   seen   throughout   the   year   in
the   moist   riverain   areas   along   the   River   Jum-

na, 4  miles  to  the  East,  occur  only  at  certain
seasons   in   the   dry   scrub   of   the   ridge.

The   data   on   which   the   present   analysis   is
based   consists   of   field   notes   taken   during   the
course   of   research   on   Turdoides   spp.   As   a   re-

sult, observations  were  not  systematic,  but  re-
sulted from  casual  notes  on  habitat  and  feed-

ing  niches.   Field   notes   did   not   specify   the
four   categories   of   vegetation   defined   below,
but   usually   consisted   of   a   general   description
of   the   vegetation   in   which   the   species   was   en-

countered. Notes  on  feeding  situations  were
not   always   included   and   these   have   been   filled
out   from   memory.   Species   were   described   as
residents   or   summer   visitors   on   the   basis   of
seasonal   records   summarised   elsewhere   (Gas-

ton 1978).   Only  resident  species  recorded  in
the   study   area   in   at   least   thirty   weeks   and
summer   and   winter   visitors   recorded   in   at
least   fifteen   weeks   during   the   three   years   of
the   study   are   included.   Avian   nomenclature
follows   Ali   &   Ripley   (1968-74)   and   botanical
nomenclature   follows   Maheshwari   (1963).

Structure   and   vegetation   of   the   study
AREA

A   description   of   the   vegetation   of   the   Delhi
area   is   given   by   Maheshwari   (1963),   and   both
he   and   Donahue   (1967)   briefly   describe   the
geology   and   ecology   of   the   Delhi   ridge.

The   coarse   quartzites   which   form   the   under-
lying rocks  of  the  ridge  are  the  Northernmost

extension   of   the   Aravalli   Hills,   which   reach
moderate   elevations   in   Rajasthan.   Although
the  overall   form  of  the  ridge  is  gently  rounded,
it   is   cut   by   several   deeply   incised  watercourses.
These   carry   water   only   during   rainy   season.

Within   the   study   area   the   ridge   reaches   a
height   of   260   m   above   sea   level   in   the   west,
sloping  to   230  m  in   the  South-East   where  it   is
still   60   m   above   the   level   of   the   River   Jumna.
A   profile   taken   roughly   WNW-ESE   across
the   area   (Fig.   1)   shows   it   to   be   stepped,   2
sloping   zones   being   separated   by   a   more   or
less   level   one,   which   may   be   the   result   of   a
structural   weakness.   The   2   major   watercourses
are   incised   in   the   sloping   zones,   but   meander
without   incision   in   the   level   area.   Soil   accu-

mulates principally  in  the  level  area,  and  con-
sists  of   a   coarse   alluvial   sand  with   a   low

humus   content.
The   development   of   the   vegetation   is   con-

trolled both  by  the  slope,  with  its  effect  on
the   accumulation   of   soil,   and   by   biotic   influ-

ences, particularly  grazing  and  wood-chopping.
The   effect   of   biotic   factors   on   the   develop-

ment of  vegetation  seems  to  be  greatest  in  the
northern   part   of   the   area,   adjoining   Shankar
R.oad.   This   part   is   particularly   frequented   by
people   in   search  of   firewood.   The  least   disturb-

ed  vegetation   occurs   in   the   South-West   cor-
ner of  the  area.

Fig.   2   shows   the   distribution   of   closed   can-
opy  woodland   within   the   study   area.   The

broad   belt   of   woodland   running   through   the
centre   of   the   area   coincides   roughly   with   the
extent   of   the   level   shelf,   and   its   consequent
accumulation   of   soil.   A   second   alluvial   area,
in   the   North-East   corner,   lies   at   the   foot   of
the   lower   slope.

The   trees   making   up   the   woodland   belt   in-
crease in  species  diversity  from  North  to  South,
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presumably   along   a   gradient   of   decreasing
biotic   interference.   The   dominant   species
throughout   is   Prosopis   julijlora.   In   the   North
this   is   mixed   only   with   Albizzia   sp.   which   was
probably   planted   along   Shankar   Road,   but
towards   the   South   there   is   a   progressively
greater   admixture   of   Acacia   Senegal,   Acacia
leucophloea,   Acacia   modesta,   Prosopis   spici-
gera,   and   Cassia   fistula.   The   woodland   ranges
in   height   from   6-18   m.

A  gradient   of   species  diversity   is   also  notice-
able in  the  composition  of  the  woodland  shrub

layer.   The   dominant   species   throughout   is
Adhatoda   vasica,   mixed   in   the   North   with
Capparis   sepiaria.   Towards   the   South   there

is   an   increasing   amount   of   Carissa   spinarum,
Grewia   tenax,   Flacourtia   indica,   and   Maytenus
senegalensis.

The   sloping   areas   are   characterised   by   the
outcropping   of   much   bare   rock.   In   the   North
they   support   only   scattered   trees,   mainly   Pro-

sopis julijlora,  and  the  perennial  vegetation  is
dominated   by   stunted   clumps   of   the   prickly
Zizyphus   nummularia,   growing   up   to   1   m   in
height.   Towards   the   South-West   a   taller   scrub
composed   of   Carissa   spinarum,   Securinega  leu-
copyrus,   Dichrostachys   cinerea,   Zizyphus   ma-
uritiana,   and   Flacourtia   indica   develops   with
scattered   patches   of   Anogeissus   pendula   wood-

land, up  to  5  m  high.    Butea  monosperma

Fig.  1.  Section  WNW-ESE  across  the  Ridge  study  area  showing  generalised  pattern
of  vegetation  in  relation  to  slope.  Vertical  scale  greatly  exaggerated.
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occurs   commonly,   scattered   throughout   this
area,   growing   up   to   8   m   high,   but   nowhere
forms   dense   stands.

Other   shrubs   which   occur   in   localised   pat-
ches are  Jatropha  gossypifolia,   which  grows

on   steep   rocky   places,   and   Balanites   roxbur-
ghii,   which   grows   in   the   level   zone   on   the
margins   of   the   woodland,   and   apparently   re-

quires some  depth  of  soil.   Several  dense
clumps   of   Lantana   indica   occur   where   water-

courses cross  the  level  zone,  and  this  shrub
seems   to   prefer   a   combination   of   perennial
moisture   and   some   soil   accumulation.

The   herbaceous   vegetation   of   the   study   area
flourishes   almost   exclusively   during   the   rainy
season,   which   lasts   from   July   to   October.   Dur-

ing this  period  open  areas  become  clothed  in
grasses   and   other   herbs,   and   shrubby   peren-

nials such  as  Hibiscus  micranthus  and  Teph-
rosia   spp.   put   out   luxuriant   growth.

Avian   habitats

Four   main   vegetation   types   can   be   recog-
nised in  the  study  area  as  providing  distinct

habitats   for   birds:
1)   Closed   canopy   woodland   with   an   open

understory,   mainly   of   Adhatoda   vasica.
2)   Closed   canopy   woodland   with   a   dense   un-

derstory of  Carissa  spinarum,  Capparis  se-
piaria,   and   Lantana   indica,   as   well   as   Ad-
hatoda.

3)   Dense   scrub   with   Carissa   spinarum,   Secu-
rinega   leucopyrus,   Dichrostachys   cinerea,
and   Anogeissus   pendula   up   to   3m   high,
with   scattered   Butea   monosperma.

4)   Low   scrub   dominated   by   Zizyphus   num-
mularia,   up   to   1   m   high,   with   scattered
Prosopis   juliflora,   up   to   5m  high,   and  many
bare   rocky   outcrops   which   support   an   ep-

hemeral flora  during  the  rains.
The   distribution   of   these   4   vegetation   types

is  shown  in  Fig.  2.
Fig.

Closed  canopy  woodland  +  dense  understorey
Closed  or  open  canopy  woodland  +  sparse  understorey

Tall  scrub,     3m  with  scattered  trees

Low  scrub,     lm  or  bare  rocky  ground

Parks  and  gardens  not  included  in  the  study  area

aoads   )^       Seasoral   watercourses

Pipelines   ~'\   Footpaths

2.  Map  of  the  Ridge  study  area  showing  the
distribution  of  different  vegetation  types.
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Table  1

Distribution   of   breeding   birds   and   winter   visitors   among   four   different   vegetation   types   on
the   New   Delhi   Ridge
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Woodland   feeding   zones:   G;   Ground   T;   Trunks   S;   Shrubs   C;   Canopy
*;  species  associated  particularly  with  dense  stands   of  Lantana  indica

Table  2

The   number   of   bird   species   found   in   each   vegetation   type
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Distribution   of   bird   species   in   relation
to   vegetation   types

Because   of   the   small   size   of   the   study   area
relative   to   the   mobility   of   most   birds,   practi-

cally all  species  were  seen  in  all  4  vegetation
types   at   one   time   or   another.   Table   1   shows
the   distribution   of   nesting   and   wintering   spe-

cies among  the  vegetation  types,  judged  on
the   basis   of   their   preferred   feeding   habitats
during   the   breeding   season   (resident   species
and   summer   visitors)   or   winter   (winter   visi-

tors). Resident  species  generally  seem  to  move
about   more   outside   the   breeding  season,   when
food   is   probably   least   abundant.

Species   found   in   the   2   woodland   vegetation
types   are   further   classified   according   to   their
preferred   feeding   niches;   ground   (G),   shrub
(S),   trunk   (T)   and   canopy   (C).   Those   spe-

cies particularly  associated  with  the  occurrence
of   dense   clumps   of   Lantana   indica   are   also
indicated.

Omitted   from   Table   1   are   3   species   which
occur   in   the   study   area   only   in   the   vicinity
of   water:   Halcyon   smyrnensis   (resident),   and
Erithacus   svecicus,   and   Motacilla   cinerea   (win-

ter visitors).
Table   2   shows   the   number   of   species   found

in  each  vegetation  type,   and  the  ratios  of   pas-
serine to  non-passerine  species.  The  largest

number  of  species  is   found  in  the  dense  scrub
(type   3).   This   may   be   because   it   is   interme-

diate in  character  between  the  woodland  and
the   open   scrub,   but   its   floristic   composition
is   relatively   diverse,   and   must   resemble   the
original   flora  of   the  area  more  closely  than  do
the   other   3   vegetation   types.

In   all   except   vegetation   type   4,   bird   species
diversity   is   greater   during  the  winter   than  dur-

ing the  breeding  season.  This  is  due  to  an  in-
flux of  passerine  species  during  the  winter.

While   there   is   a   28%   increase   in   passerines,

there   is   a   decrease   of   33%   in   the   number   of
non-passerine   species.

The   increase   in   passerine   species   is   most
marked   in   the   two   woodland   habitats   which
show   24%   (1),   and   64%   (2)   increases.   The
other   two   habitats   show   increases   of   23%   (3)
and   11%   (4).   The   numbers   of   non-passerine
species   in   the   two   woodland   habitats   fall   by
46%   (1),   and   50%   (2)   respectively,   while   in
the   other   two   habitats   they   decrease   by   8%
(3)   or   by   14%   (4).

At  first  sight  these  figures  suggest  a  replace-
ment of  breeding  non-passerine  summer  visi-

tors by  passerine  winter  visitors,  but  the  two
groups   tend   to   occupy   quite   different   niches.
The   majority   of   passerine   winter   visitors   are
small   insectivorous   birds,   and   7   of   the   11
found   in   woodland   feed   partly   or   wholly   in
the   canopy.   In   fact   this   feeding   zone   shows
a   78%   increase   in   passerines   between   summer
and   winter.   The   non-passerine   summer   visitors,
on   the   other   hand   include   only   two   insectivor-

ous species,  Clamator  jacobinus  and  Cuculus
varius,   among   those   found   in   woodland.   The
rest   fall   into   two   categories:
a)   frugivorous   species:   Eudynamys   scolo-
pacea,   Megalaima   zeylanica   and   Megalaima
haemacephcda.   b)   moderate-large   insectivor-

ous species  found  in  scrub;  Caprimulgus  spp.,
Merops   orientalis,   and   Coracias   benghalensis.

Seasonal   turnover   of   Species

Thirty-eight   species   are   resident   in   the   study
area   throughout   the   year.   This   number   does
not   include   species   such   as   Pernis   ptilorhyn-
chus,   Milvus   migrans,   Gyps   benghalensis,
Neophron   percnopterus,   and   Spilornis   cheela
which  are   seen  throughout   the  year,   but   which
are   not   known  to   nest   in   the   area.

Fourteen   species   are   summer   visitors,   and
sixteen   winter   visitors.   The   overall   ratio   of
resident:   non-resident   species   is   1.33.
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Tabel   2   gives   the   ratios   of   resident:   non-
resident species  for  the  four  vegetation  types

separately.   This   ratio   is   lowest   in   the   wood-
land habitats   where   turnover   of   species   is

highest,   and   highest   in   the   scrub,   where   most
species   are   resident.   This   observation   paral-

lels  the   findings   of   MacArthur   (1959)   for   29
stations   across   North   America,   where   he
found   the   proportion   of   resident   species   to   be
lower   in   woodlands   than   in   open   habitats   at
the  same  latitude.

The   higher   proportion   of   winter   visitors   in
the   woodland   around   Delhi   may   be   a   corollary
of   the   situation   which   MarArthur   found   in
temperate   North   America.   As   more   species
leave   woodland   habitats   in   the   temperate   zone
during   the   winter   they   might   be   expected   to
seek   similar   habitat   in   their   winter   quarters.
The   greater   turnover   in   the   woodland   avifauna
around   Delhi   may   not   necessarily,   therefore,

reflect   differences   in   the   seasonal   abundance
of   food   in   different   vegetation   types.

Local   Migrants

Among   species   classified   as   summer   and
winter   visitors   in   Table   1,   several   are   only
local   migrants,   and   are   found   throughout   the
year   in   areas   adjacent   to   the   ridge.   The   sum-

mer visitors  which  come  in  this  category  are
Butastur   teesa,   Streptopelia   tranquebarica,
Merops   orientalis,   Coracias   benghalensis,   Me-

ga! ai   ma  zeylanica,  Megalaima  haemacephala,
Dicrurus   adsimilis,   Sturnus   pagodarum,   Acri-
dotheres   tristis,   and   Petronia   xanthocollis.   This
includes   all   the   passerine   summer   visitors.
Among   winter   visitors   Psittacula   cynaocephala,
and   Lanius   excubitor   both   breed   around   Delhi,
and  their  presence  on  the  ridge  during  the  win-

ter  may   reflect   a   general   dispersal   at   this
season.

Table  3

The   numbers   of   bird   species   occupying   1,   2,   3   and   4   vegetation   types

No.  of  species  occupying
x  vegetation  types

12   3   4

Mean
vegetation   Totals

types/species

Passerines —
Resident   4   12   6   2   2.25   24
Non-resident   3   3   0   0   1   *  50   I   1   89   6
Palaearctic   winter   visitors   2   7   3   0   2.08   J   *   12

Non-passerines —
Resident   7   4   4   0   1.81   15
Non-resident   5   5   0   1   1.62   11

Total   21   31   13   3   1.97   68
a   ~T~

Testing  the  proportion  of  group  a  (narrow  habitat  preference)  species  to  group  b  species,  among  both
passerines  and  non-passerines  X2  -   4.6,   p   <   0.05.   Comparing  resident   to   non-resident   species,   using
passerines  and  non-passerines  combined,  X2  =0.44,  p  >  0.5.
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Degree   of   Specialisation   in   Habitat
Selection

The   number   of   different   vegetation   types
occupied   by   a   species   can   be   treated   as   a
measure  of   the  degree  to   which  the  species   is
specialised   in   that   dimension   of   its   ecological
niche.   The   mean   number   of   vegetation   types
occupied,   calculated   for   all   species,   is   1.97.
Only   two   resident   species,   Pycnonotus   cafer,
and   Saxicoloides   julicata   occupy   all   four   (see
Table   3),   as   does   the   summer   visitor   Clama-
tor   jacobinus.

Passerine  species   seem  to   be  less   specialised
in   this   respect   than   non-passerines.   Among
passerines  9  out  of  42  species  are  found  in  only
one   vegetation   type,   while   the   corresponding
proportion   for   non-passerines   is   12   out   of   26
(x2   =   4.6,   p<0.05).

This   supports   the   hypothesis   put   forward   by
Klopfer   &   Mac   Arthur   (1960),   suggesting   that
non-passerine   birds,   being   more   stereotyped   in
their   behaviour   than   passerines,   occupy   smaller
niches.

Another   suggestion,   forming   part   of   the
same   hypothesis,   is   that   tropical   passerines
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show   greater   specialisation,   and   therefore
occupy   smaller   niches   than   temperate   passe-

rines. This  is  not  supported  by  a  comparison
of   the   mean  number   of   vegetation   types   occu-

pied by  resident  passerines,  with  the  same  in-
dex for  palaearctic  winter  visitors.  The  means

are   practically   identical   (2.25,   2.08).   The
habitat   preferences   of   the   resident   species   are
assessed   on   the   basis   of   their   distributions
during  the  breeding  season,  however,  and  many
species   tend  to   range  further   afield   during   the
winter.   The   average   resident   may   actually   be
less  specific   in   its   habitat   requirement  than  the
average   winter   visitor   during   the   period   when
the   two   groups   co-exist.
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FEEDING,   GROWTH   AND   EARLY   DEVELOPMENT   OF   THE

INDIAN   TROUT,   BARILIUS   (OPSARIUS)   BOLA   HAM.1

C.   V.   KULKARNI2   AND   S.   N.   OGALE3
(With   five   text-figures)

Study  of  feeding  habits,  growth  and  early  development  of  the  Indian  trout,  Barilius
(Opsarius)  bola  Ham.  which  was  introduced  in  the  Lonavla  lakes  near  Poona,  indi-

cates that  it  is  a  carnivorous  fish  thriving  largely  on  small  fish  such  as  Rasbora,  Chela,
Oxygastcr,  Danio,  etc.  In  lakes  it  grows  to  about  620  g.  in  27  months  and  breeds  in
the  third  year.  The  male  develops  rough,  tubercled  scales  on  the  sides  and  bright
coloration  on  fins  during  breeding  season  which  begins  early  in  the  monsoon.

On  hypophysation  and  stripping,  the  fertilised  eggs  took  about  65  hours  to  hatch.
The  hatchlings  had  medium  sized  yolk  sac  and  were  comparatively  more  active  than
those  of  major  carps  and  started  swimming  very  soon.  The  post-larva  developed
chromatophores  only  on  the  fourth  day  and  started  feeding  on  minute  Moina  etc.  On
the  seventh  day  it  reached  8  mm  length  and  on  18th  day  a  well-grown  18  mm  fry
stage.

Introduction

Barils   or   the   Barilius   group   comprising   mostly
small   sized   fish   have   scarcely   attracted   the
attention   of   fishery   biologists   in   the   past.
Chacko   (1945)   wrote   a   short   note   on   B.   ben-
deli   sis,   a   tiny   form   hardly   weighing   20   g.
when  full  grown  and  12  cm  in  total  length.  Day
(1878)   referred   to   Indian   trout   as   Barilius
bola   Ham.   but   Hora   (1937)   reviewing   the
taxonomic   position   of   the   fish,   preferred   to
call   it   Barilius   (Opsarius)   bola   Ham.   It   is   the
largest   species   among   the   group   Barilius   and
attains   1.5   kg   in   weight.   It   is   quite   outstand-

ing for  several  reasons;  yet  except  for  a  few
notes   about   its   angling   qualities   by   Thomas
(1897)   and   Macdonald   (1948)   and   about   its
suitability   for   introduction   in   Lonavla   lakes
(Evans   1926)   and   in   Peninsular   India   by
Spence   &   Prater   (1932),   very   little   has   been

1  Accepted  October  1977.
Present  address:2  B/4  Shardashram,  B.  Shankar
Road,  Bombay-400  028.

3  Tata's  Electricity  Office,  Lonavala,  Dist.  Poona.

said   about   the   breeding   habits   or   early   life
history   of   this   fish.   It   was   not   recorded   from
anywhere   south   of   the   Vindhya   hill   range   in
India   till   its   introduction   in   the   Walwhan   lake
of   the   Tata   Electric   Co.   at   Lonavla,   District
Poona   (Kulkarni   1975).   This   introduction   en-

abled recording  of  some  of  the  observations
made   on   this   fish   and   very   recently,   it   could
be   bred,   with   the   help   of   pituitary   harmone.
The   eggs   and   early   stages   thus   obtained   are
described   below.

Feeding,   growth   and   breeding

Unlike   the   feeding   habits   of   most   of   the
members   of   the   Cyprinoid   group,   the   B.   bola
is   largely   a   piscivorous   form,   rejecting   all   in-

animate food  in  the  natural  environment.  It
is   largely   a   riverine   fish,   frequenting   shallow
marginal   waters   for   hunting   small   fish   life.   In
lacustrine   conditions,   it   inhabits   the   upper
columns   of   the   lake   waters   and   feeds   voraci-

ously  on   small   live   fish   such   as   Rasbora,
Chela,   Oxygaster   and   Danio,   but   it   studiously
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