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The beach substratum at Baina was very unstable and the beach was steep throughout.

Particle size of sand ranged between 229 and 3985 uym.
was high (3300-16000 pg/g) and that in surf-water was low (410-1730 pg/litre).
and salinity dropped considerably during the monsoon season.

declining trend during this season.

Particulate organic carbon in sand
Temperature
NO;N and PO,P showed a

Total bacterial population was high in the beach, the peak

in nutrient agar (36-7 x 10%/g dry wt) and in ZoBell 2216 E (40-3 x 103/¢ dry wt) media being
recorded in August and November respectively. Coliform population was high (peak, 872 x

10%/g dry wt) in August,

Total bacterial population showed a highly significant relation with

particulate carbon in sand. Chlorophyll a in surf-sand and surf-water was relatively high.
Species diversity of macrofauna was small and biomass was poor.

to pollution in =addition to natural physical

forces to which they arc exposed. Orgonisms
inhabiting this speciolized biotope oftcn find it
difficult to cope up with the chinges occurring
in their habitat. This is directly reflectcd in the
reduction of the species diversity ¢1.d peor produc-
tiont. A detailed study of ecology ard naturce of
production of the beech ecosystem is desirible
for the effective monitoring of this ccosystem.
In India, studies have been underteken clorg scr.dy
beaches, mainly for urderstandirg the influence of
physical and chemical fectors on the production
of macrofauna®?. Information is still ircomplete
regarding several cspects of the ccology of the
sandy be:zches that border the extersive cast ord
west coasts of India. Herce, a detailed investiga tion
has been undertaken of the various aspects of
production in a sendy berch at Beina, Goa for 1 yr
from April 1975.

Materials and Methods

Observatior.s were made monthly during the low
water spring tide. Stmples were collected from a
single trarsect alorg the middle of the beach at
intervals of 10 m from a fixed reference point
above the high water mark to the surf washed zore.
During each observation, atmospheric temperature,
surf-water and sand temperature were recorded.
Water table depth of all the statiors were mes sured.
Dissolved oxygen, salinity, chlorophvll a, PO,-P,
NOsN, pH and CO, of surf-water were estimated
as per methods given by Stricklard and Parsons®.
Particulate organic cerbon in surf-wzter wes also
estimated using the procedure outlired by El Wakell
and Riley®.

Macrofauna samples were collected from a 0-1 m?
arca up to a depth of 15 cm usirg a quadrat
and were seived (0-5 mm mesh width). Scmples
were preserved in 5%, formaldehyde. Biomess wes
estunated as g/m? wet weight. Surface sand szmples,

SANDY bezches 2re being ircrecsingly subjected

’

represertative of #11 sti tiors, were collected ¢ septi-
cally ard cerried to the lbori tory in ice for esti-
matirg becterial popul tion. Aft'r subjectirg the
stmples 1o serial dilutiors, total Jopulitiors were
cnumerated by pour-plate technique in nutrier.t #gar
end ZoBell 2216 E media. Most probable number
(MPN) of coliforms were cstimated vsirg McCrez dy's
tables in McConkey’s broth. Counts were taken
wfter 48 hr incubation «t room temperature (28°C
+2) ar.d estimzted ¢ s number/g dry weight sediment.

Core s mples vp to a depth of 15 cm were token
from high, mid and low tide statiors for particle
size ¢nilysis. Sard chlorophyll @ and perticulate
orginic cerbon were estimited ¢s per stendard
methods®? from top 2 cm sard collected from low
water metk.  Durirg ¢ ch observition, ber ch profile
wes me: sured using starderd survey techniques and
the distance from berm to fixed point wes meesured.

Results
Physical and Chemical Factors

Physical characteristics of the Leach — Biira is an
open sea sandy berch situated south of the Mar-
mug:o herbour (lat. 15°24'N, long. 73°48'E). A
ntmber of hutments are located in the vicinity of
the berch causing consider: ble hv men interfererce.
The beach also receives substantial quantities of
domestic wastes ¢r.d sewage every day. Compared
to other sandy beaches of Gow.®7?, the expanse of
the becch is less, maximum beirg observed in May
(92 m) ard the minimum in Juse (42 m). The
intertidal experse rarges between 20 ¢rnd 40 m
(Fig. 1). The becch slope is steep to very steep
throughout the year.

It is clear from the beach profiles (Fig. 1) that
bez ch crosion started in May and bect me very cctive
in Jure. Between Aprilzrd Jure, the berm receded
by 37 m towards supralittoral region. In July and
‘August, crosion of the becch continued 2t high tide
region thereby further shifting the berm. Filling
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Fig. 1 — Beach profiles for Baina for different months
measured from a fixed point

started at a slow pace at the mid and low tide
regions in July and extended to high tide region by
September and continued actively through October.
As a result of this, the beach expanded considerably
thereby reducing the steepness. Again in November,
erosion of a lower magnitude occurred and this
continued through February with some fill occurring
in January. But this crosion did not affect the
beach expanse to a great extent. A recession of
only 9 m of berm was noticed. Thus, the beach
substratum w:s always unstable and the crosion
occurring during the early monsoon was severe.

Depth of water table measured during the period
of investigation was in agreement with the nature of
the beach slope. As the beach wis steep throughout
the year, water was not recorded at high tide region
and very occasionally in the mid tide region, that
too, at a greater depth.

Physical fealures of sand — Particle size analyses
showed that the sediment was mainly of medium
class, the median size ranging between 229 and
3985 um (lFig. 2). Particle size at different tide
levels for different months was in agreement with
the erosion and accretion phenomepa. Variation
in the particle size of the same tide level in different
months indicated that the beach substratum was
not stable.

Surf-sand temperature which wis 33°C in May
declined during the monsoon scason and recorded the
lowest (25-1°C) in August. Thereafter, it increased
and maintained almost a steady level (27-5°C+2)
during the other seasons (Fig. 3). Particulate
organic carbon content in sand was high throughout
the year. It was <4000 ug/g during early monsoon
period. In all the other months, it was above this
level and on several occasions above 10000 pg/g,
the maximum being 16,000 pg/g in August (Fig. 4).
This high level of carbon in sand suggests that there
was some additional source of carbon to the beach.

Seasonal cycle in surf-water — Surf-water tempera-
ture was slightly higher than the corresponding
sand temperaturc with some exceptions (Fig. 3),
but the general trend was more or less the same.
During the monsoon season, temperature dropped
and attained 27-6°C in August. It recorded the
lowest of the year (26:3°C) in January.
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pH of surf-water during the monsoon season
ranged between 7-6 and 7-9 and in other seasons
between 8 and 82 (Fig. 5). The corresponding
CO, values, given in the same figure, showed a CO,
content of >2 pg at/litre during monsoon months
except in July and <2 pg af/litre in other months
except in October. Salinity which was 34-02, in
May dropped to <249, during early monsoon
months and increased thereafter to reach 31-31%,
in September. During other scasons, it was > 32%,
(Fig. 5). Dissolved oxygen content ranged between
4 and 5 mljlitre except in July (5-6 mljlitre) and
November (3-8 ml/litre) (Fig. 5).

Phosphate-phosphorus and nitrate-nitrogen show-
ed a similar trend during the late premonsoon and
carly monsoon periods. PO,-P which was 3-26
ug at/flitre in April showed a declining trend during
the monsoon months and touched the lowest value
of 0-41 pg atjlitre in July. It increased to 1-55
pg atjlitre in August and did not show much
variation till February, when it recorded a slightly
higher value of 2-55 pg at/litre (Fig. 6). NO3N
which was 6 at/litre in April, like PO,-P, declined
during the early monsoon scason and reached 0-43
pg atjlitre in July. Thereafter, it increased pro-
gressively to attain the peak of 13-45 pg atjlitre
in November. In the succeeding months also, it was
higher ranging between 10-46 and 12-04 pg at/litre
(Fig. 6).

Particulste organic carbon content in surf-water
was always lower than the corresponding value in
sand (Fig. 4). In June and July, it was 410
pug af/litre and in September it recorded the
maximum of 1730 pg #t/litre. In February also,
it was as low as 480 pg at/litre.

Blological Factors

Bacterial population in sand — Fairly high popu-
lation wis noticed in both nutrient agar and ZoBell
2216 E media in the pre- and postmonsoon periods
and low population during the monsoon period.
However, an exception to this general trend was
scen in August 1975 when the total population in
both the media wes high. While a major peak
in netrient agar (36:7x 10°/g dry wt) occurred in
August (¥Fig. 7), in ZoBecll (40-3x10%g dry wt)
it was in November. Apart from this, the corres-
ponding populations in these 2 media for any 1
month varied only slightly suggesting that both
terrestrial and marine bacteria enjoy almost equal
distribution in the bezch. The population in nutrient
agar and ZoBell media showed a highly significant
relation with particulate carbon in sand (0-1%, level
of significarice), the » values calculated were 0-9475
and 0-8889 respectively. Ior population in nutrient
cgar, the regression obtained was — population =
0-933+4-20-9676 x carbon ar.d for population in ZoBell,
it was — population = 3-4205+4-20-8422 X carbon.

Total population in these 2 media did not show
any particular trend either with particulate carbon
or with NO;3N in surface water.

Coliform population (Fig. 7) was relatively high
in the beach sediment. The population which was
3-47x103g dry wt in April declined to 0-11 and
0-19x 10%/g dry wt in May and. June respectively.
It suddenly increased to 8-72x10%/g dry wt in
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Fig. 2— Median particle size of sand of different tide levels for different months.

1976
Fig. 3 — Temperature of atmosphere,

surf-sand and surf-water for different months.

Fig. 4 — Particulate organic carbon content in sand and in surf-

water for different months.

Fig. 6 — Phosphate-phosphorus and nitrate-nitrogen content in surf-water for different months.

Fig. 5— Salinity, dissolved oxygen, pH and CO,; of surf-water for different months.
Fig. 7 — Total bacterial

population and coliform population in sand for different months
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Fig. 8 — Chlorophyll a content in surf-water and in surf-
sand for different months

August and 7-83x10%g dry wt in September.
During the other months, the population ranged
between 2-197 and 2-:56x103%jg dry wt. It was
found that coliform, unlike the total population, had
no relation with particulate carbon in sand.

Chiorophyll a of surf-water and surf-sand — In
gencral, chlorophyll a of surf-weter rarged between
1:0264 and 2-:3688 mg/m® A very high chlorophyll
content of 6:394 mg/m3 recorded in May and a
low content of 0-4352 mg/m?® recorded in January
were the only two cxceptions (Fig. 8). Chlorophyill,
however, showed no relation with either NO3N or
particulate carbon in svrf-water.

Unlike water chlorophyll, sard chlorophyll record-
ed the lowest value in May (0-0224 ug/g). In June,
this increased to 0:174 pgjg «xd thercafter showed
very little variation till the erd of monsoon scason.
During the postmonsoon period, it attaired slightly
higher values, ranging between 0-2116 and 0-3824
uglg. Incidentally, a low chlorophyll value was
recorded in April 1976 (0-0601 pg/g). Sard chloro-
phyll values did not show any relationship with
particulate carbon in sand.

Macrofauna and biomass — Kite diagrems super-
imposed on beach profile contours (Fig. 9) showing
biomass at different statiors indicate the trend in
distribution of macrofauna in the betch. Biomcss
was almost nil or very poor durirg the monsoon
season. By the end of the seeson, some improve-
ment was noticeable, especially at the low and
mid tide regions. From the beginning of the post-
monsoon period, the incidence wes feirly good
throughout the intertidal region. Peak biomess
of the year was rccorded at 64 m in November
(36-144 g/m?) followed by December at 55 m
(19 g/m?). Thereafter, the biomass declined con-
siderably and recorded 1-222, 0-271 and 1-75 g/m?
in Jan., Feb. and April 1976 respectively.
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Fig. 9 — Kite diagrams showing biomass of macrofauna at -

different stations for different months superimposed on beach

profilec contours [Closed circles indicate absence on the

sampling date. hw —high water mark; lw-—low water
mark)

Macrofauna of the beach was constituted primarily
by 8 species, viz. the wedge clams Donax incarnatus
Gmelin and D. spiculum Rceve, the mole crab
Enerita holthisi Sarkolli, the mysid Gastrosaccus sp.,
the isopod Eurvdice peraticts Jones, the amphipod
Talorchestia sp. and the polychactes Pisionidens tn-
dica Alyer and Alikunhi and Onuphis eremita Aud
and Milne Edw. A {ew other animals were collected
rarely such as the hermit crabs, Maclra sp. and some
polychaetes. As they were incidental ones, they
were not corsidered ¢s important constituents of the
beech macrofauna.  Distribution of the 8 species
(Nos/m?) ard their wet weights (g/m?) for the period
of investigation superimposed on profile contours
are presented in Figs. 10a-d and 13a-d respectively.

Only yourg and newly recruited individuals of
Donax incarnatus and D. spiculurm were inter-
mittently present in the samples for a short time.
The former was presest in small numbers in May,
September and November through January, mostly
confined to mid tide statiors (kigs. 10a ard 1laj.
Absence of this specics wes quite conspicuous in the
samples of most of the premonsoon and morsoon
seasor.s. The occurrence of individuals rargirg in
lergth between 2 znd 4-5 mm havirg a mean
wet weight of 45 mg iadicates that these ave cither
young or newly recruited ones. Further, they did
not show cvider.ce of any growth during any one
month to suggest that this species grows to the
adult size in this beach.

Specimens of D. spiculum rargirg in length
beiween 2-5 and 7 mm with a mean wet weight
of 1:4 mg were collected only during 3 months
(Figs. 10a erd 11a). Nevertheless, a fairly large
rumber of young ones (2080/m? = 30-78 g/m?) was
collected in November. Like D. #ncarnatus, this
specics is also represented only by young and
newly recruited individuals.

Individuals of E. holthuisi werc more consistently
occurring in the semples in variable rumbers. This
species wes represented by a2dult, young and newly
recruited individuals. During late premonsoon they
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Fig. 10 {a-d) — Kite diagrams showing distribution and abundance of macrofaunal elements for different months
supcrimposed on beach profile contours [Closed circles indicate the absence on the sampling datc]

were not collected and during mornsoon they were
distributed only at the low tide levels. Newly
recruited individuals mede their appesrence in July
*(20/m? = 0-111 g/m?) and in September (270/m?
= 365 g/m?) (Figs. 10b ard 11b). During post 2n:d
early premonsoon periods, they were widely distri-
buted along the intertidal belt havirg more numbers
at the low and mid tide regions. Berried and zdult
specimens were more abundant during the post-
monsoon months. They renged in length between
89 and 113 mm and the mecan wet weight was
740 mg. Young individuals were invariably present
in all the samples. During Februery end April 1976
also, newly recruited ones were dominant in the
collections. Their presence in the beach almost
throughout the year suggests that this species is
one of the regular inhabitants of the beach.

Sporadic occurrence of Gastrosaccus sp. in small
numbers was observed in the beech. Specimens
belonging to this species were collected mainly from
low tide region from September through December.
Owing to their small size and negligible weight,

their contribution to toial biom: ss wes insignificant.
A maximum number of 50/m2 = 0-187 g/m? was
collected from the low tide station in September
(Figs. 10b 2rd 11b).

Contributions of other 2 crustacesns, viz. the
amphipod Talorchestia sp. and the isopod E. peraticis
to the biomeass of the beech were also insignificant
on account of their negligible weight. Among them,
the former enjoyed a wider distribution in the
becch than the latter as evident from Figs. 10c
and 1lc. While the isopod was present in small
numbers in semples of the post and early pre-
monsoon secsors, the amphipod was represented
in the semples of all the 3 seasons but their
occurrence wss irregular during premonsoon and
monsoon periods. The isopod inhabited mainly the
mid tide stations ard a maximum of 400/m? = 0-5
g/m? was collected in Jan. 1976. The amphipod,
on the other hand, was occurring more frequently
at the low tide statiors and was distributed all along
the intertidal region in January (220/m?= 0175
g/m?). From their distribution pattern, it appears
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Fig. 11(a-d) — Kite diagrams showing biomass of macrofaunal elements for different months [Symbols as in Figs. 10a-d]

that the amphipod s a permanent element of the
beach fauna.

Although the polychaetes, O. ercnite and P. indica
were absent in the samples of some months, they
like the amphipod, were represented in all the
seasons, the latter more abundantly and enjoying a
wider distribution. During the postmonsoon period,
both the species occurred consistently and abundant-
ly in the beach. Even then, in terms of biomsess,
their contribution was small. While O. eremita was
collected mainly from mid and low tide regions,
P. indica was sampled from mid and high tide
regions. A maximum of 480/m? weighing 0-298 g/m?
of the former was collected from 65 m in December
and 590/m? = 0-198 g/m? of the latter from 61 m
in January (Figs. 10d and 11d). These 2 species
zfilso seem to be persistent elements of the beach
auna.

Discussion

Stability of the beach substratum influences to a
very great extent the production of sandy beaches®?.
Baina beach was steep all through the year and
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was not stable in any month on account of erosion
or accretion. During the monsoon season owing to
severe erosion, the beach became very steep, the
beach expsnse was reduced considerably and the
berm shifted landwards, thus making the substratum
not suitable for the inhabitents. Erosion has been
reported from May to June and accretion from
September through March on the same beach®.
However, crosion of a lower magnitude was observed
frorél November through February during the present
study.

Besides the changes taking place to the beach
substratum, significant changes in other physical and
chemical conditions occur in the beach during the
monsoon seeson and these also play an important
role in limiting the production of the beachs?
There was a sudden drop in salinity and temperature
and a slight reduction in pH and nutrient content
in the beach during the monsoon season. These -
also contributed to the adverse conditions for the
survival of the beach communities.

A notable difference noticed during the present -
study as compared to earlier works®” has been the
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high content of particulate organic carbon in sand.
This is well in agreement with sediments adjacent to
.sewage outfalls which are rich in organic matter™.
More or less an identical condition exists in Baina.
As mentioned earlier, large quantities of domestic
wastes accumulate in the besch day by day and
these probably provide additional source of carbon
» to the beach sediments. A relatively lower content
in surf-water may partly be due to its distribution in
surf-water and partly to the circulation which
carries it away from the shore.

Bacterial population in intertidal sediments has
been shown to have a close relation with sediment
organic carbon!2  The bacterial population in Baia
beach proliferated utilizing the nitrogen available
and the carbon which was present in plenty. In
fact, the population would have shown remarkable
increase had the nitrogen not been a limiting fz ctor.
However, it showed a. very close relation with
carbon in sand. Unfortunately, the total nitrogen
in sand was not estimated and hence it is not
possible to say to what extent nitrogen in sand
would have limited the bacterial population. The
relatively high population of coliforms in the beach
may be due to the domestic waste zccumulation
which is seen in sewage dischargirg localities!!.

A close relationship exists between chlorophyll a
and particulate organic carbon in sand?®  This type
of relation cannot be expected in 2 beach like Baina
where there is surplus carbon and limited nutrient
source. But incidentally, both sand and water
chlorophyll were slightly higher than that in the

r nearby sandy beaches investigated4.
@Ontinuous human interference 2s well as domestic
sewage discharge will reduce the diversity of speciesl.
Exactly, the same condition exists in Baina. Of the
sandy beaches of India investigated so far?-%15, Baina
alone has such a limited species diversity. Only 4
species were found to inhabit the beach permanently
and they too were collected in small numbers only.
This indicates that meny of the organisms which
are permanently inhabiting the neighbouring sandy

*beaches®?15 could not adjust themselves to the
* changed physical conditions that are brought about
mainly by human activities in this beach. This was
another importont factor, which along with other
prevailing adverse physical conditions, brought down
the macrofauna population of the beach. Indeed,
the wedge clams, which are permanent elements
of the macrofauna of the beaches along the west
coast of India®7 were recrvited to the beach popv-
lation during postmonsoon season when the breeding
of these species is at its peak in Goa® But they
were not growing to any appreciable size in the

beach. On the contrary, the mole crab which is
another important element of sandy fauna of Indian
beaches’? was found to occur in the beach almost
throughout the year and completing its life cycle.
Though these crebs were present in small numbers,
their breeding and settlement in this beach corres-
pond with the nearby Sancoale beach?1e.

Thus, it is clear that the conditions existing in
Baina sandy beech are somewhat differert from
other sandy beaches along the coasts of India and
that these are not favourable for the fauna. The
steepness of the beach and the unstable beach
substratum all through the year coupled with the
changes occurring in the physical and chemical
conditiors during monsoon season played the vital
role in limiting production of the beach. Besides
these, the human activities in the beach disturbed
the beach inhabitants. The impzcct of all these were
felt directly on the macrofaunal elements and hence
Bzina sandy beach had a reduced species diversity
and recorded a poorer biomass than other sandy
beaches studied so far in India.
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