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INTRODUCTION

The Indian fresh-water eel, Anguilla bengalensis, is widely distributed in the
Indian sub-continent, though it is ‘much rarer on the hills than in the plains’ (Day,
1878). Though eels are generally acclaimed as very important food fish in many
of the Kuropean and in certain Asian countries, they are seldom eaten in India
except by the poorer classes. However, in certain parts of South India, the eels
are relished and fetch a much better price than carps.

Though extensive researches have been conducted on various aspects of the
biology of the eel in the European countries, practically no work has been done on
any of the Indian species (viz. 4. bengalensis and A. bicolor), except for certain
observations of a preliminary nature by Rahimullah et al. (1944). Schmidt (1932)
recorded the occurrence of leptocephali of A. bengalensis, in the Mantewi Deep,
west of Sumatra.

The present account is based on the study of over 3,500 specimens of this fish
(ranging from 40-700 mm.). Most of the specimens were collected from an escape
channel of the Calcutta Waterworks at Pulta near Barrackpore, which is situated
at a distance of nearly 100 miles from the mouth of the River Hooghly. The escape
channel maintains its connection with the river all the year round and gets flooded
with river water during high tides. The eels were generally collected with the help
of small-meshed drag nets, but many of the bigger specimens were caught by hand
from holes and crevices under the banks. Regular fortnightly collections were
made commencing from January, 1952 to March, 1953.

To ascertain the period of immigration of newly metamorphosed leptocephali
(glass eels), data were collected on their seasonal occurrence in the Hooghly estuary,
by making regular weekly collections from two Bhinjals (bag nets with close meshed
cod ends) throughout the year 1952.

. Regular tow-net collections made in the coastal waters of the Burhabulong
estuary at Chandipore (Orissa) to obtain leptocephali of A. bengalensis proved
futile, though larvae of various other genera of Apodes, viz. Muraenids, Muraenesocids
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and Ophichthyids, were obtained (Jones and Pantulu, 1952 and 1955; Pantulu and
Jones, 1954).

LENGTH-WEIGHT RELATIONSHIP AND CONDITION FACTOR

The length-weight relationship of specimens of Anguilla bengalensis ranging
from 50-300 mm. in total length was studied. Since the sexes were not apparent
in the specimens they were not considered separately. All specimens less than
140 mm. in length were weighed to the nearest milligramme in a physical balance,
and those above that length were weighed to the nearest 3 gramme in a trip-type
of pan balance. The mean weight of each 5 mm. length interval was calculated
and its log. was plotted against the log. of the mid point of the length interval.
The regression was found to be a straight line (Text-fig. 1).
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TexT1-F16. 1. Logarithmic relation of weight and length of Anguilla bengalensis.
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An analysis of the length-weight data showed a very high correlation (r =

0-91709) and an analysis of variance also indicated that the regression was highly
significant.

Length-weight relationship of the fish was determined from the general formula
W = CL*, in its logarithmic form, viz. log. W = log. ¢+n log. L (where W =
weight in grams; L = length in mm. and ¢ and n are constants). Values of ¢ and
n were calculated to be as under:—

n = 3-20265 and log. ¢ = 2-75739
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The length-weight relationship of the species may be expressed by the formula
W = 0-057199 x 10—5 x 1,3-20265 ’
Condition factor—The condition factor X was calculated from the formula

W10-3
I3

where K is the condition factor, W is the weight in grammes and L is the length in
millimetres.

K values were calculated separately for each 5 mm. length group of eels collected
during the whole year and for all length groups combined for the different months
of the year. The values are delineated in Text-figs. 2 and 3.

From Text-fig. 2 it appears that K increases with the increase in length of fish
from 50-165 mm. There are sudden, marked falls in the values at about 170, 195
and 255 mm. The reasons for these inflexions are rather obscure, considering that
at these lengths there is neither indication of transition from one stage in the life
history to another (such as yellow to silver eels), nor evidence of increased metabolic
strain. It is, however, interesting to note that the mean lengths of fish having one
and two rings on the scales (vide page 274) are 183-56 and 249-50 mm. respectively.
Therefore the inflexions at the first and last points (i.e. 170 and 255 mm.) may
probably be attributed to the metabolic strain which leads to the formation of rings
on scales.

No definite trend could be observed in the K values for different months of the
year except that, in general, the fish captured in the latter half of the year appear to
have a higher condition factor than those obtained in the earlier half (Text-fig. 3).
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TeExXT-r16. 3. The monthly fluctuations in the ‘K’ values of 4. bengalensis.
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Foop axp FEEDING HaBIiTS

The results of the study on the food habits as revealed by the analysis of gut
contents of nearly 450 specimens ranging between 140-660 mm. (collected during
various months of the year 1952) are discussed below. As it is generally believed
that eels feed during night, the specimens were collected during the early hours of
the morning.

The volumes of the different food items were determined by displacement
method correct to the nearest 0-05 c.c. Food organisms were identified up to species
wherever possible or only up to groups where, due to their being partially digested,
further identification was rendered impossible.

The principal groups of food organisms found were: annelids, crustaceans,
fish, insects and macro- and mierophytes. Other items which were found only
rarely, and the consumption of which was regarded as accidental, were listed under
miscellaneous organisms. A detailed list of the organisms encountered among the
gut contents is given in Appendix I.

Considering the volume of individual groups of food organisms, in proportion
to the total volume of food consumed during the entire period (i.e. Jan.-Dec., 1952),
it was found thag fish predominated as a single item of food, accounting for 40-34%,;
crabs ranking second accounted for 26-049, and prawns 20-699,. The relative
predominance of the rest of the organisms, viz. insects, megalopa larvae of crabs,
macro- and microphytes, annelids and miscellaneous items accounting for 4-249;
2929 ; 2:269%,, 2-01%, and 1-53%, respectively, was comparatively negligible.

Judged also by the frequency of occurrence of various organisms in the total
number of stomachs examined (vide Table I), fish formed the most important item
of diet, prawns ranking as a close second and megalopa larvae, third.

TasLe 1

Frequency of occurrence (in percentage) of various food organisms present in the stomach

contents
Figh .. .. .. .. .. 2355
Prawns . .. .. .. .. 22-83
Megalopa larvae .. .. .. .. 14-86
Crabs .. . e .. .. 14-50
Macro- and microphytes .. .. .. .. 6-88
Insects .. .. .. .. .. 6-88
Misgcellaneous . . .. .. .. .. 543
Annelids .. .. .. .. .. 507

Fish, as already mentioned, form the principal food of the eel and occur among
the stomach contents almost throughout the year, excepting in the months of March
and August. They are most predominant in January, April and October. Fry
and fingerlings of important species like Hilsa ilisha, Setipinna phasa, Pama pama,
etc., are found to have been consumed by the eel. Anguille is believed to have
cannibalistic tendencies, but in the present investigation it was observed that
though large numbers of small elvers abound in the environment all the year round,
and particularly during January and February, only in two cases elvers were found
among the stomach contents.

Prawns and crabs ranked next to fish in importance as food of eels. Prawns
were particularly predominant in the stomach contents in the months of May, June
and July, whereas crabs were more common during February, March and
September.

Megalopa larvae were consumed in large numbers during the month of August
when enormous numbers of these larvae occur in the river; 789, of the fish ¢xamined
in the month were found to have fed only on these organisms.
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Texr-Fre. 4. Histograms showing the monthly variations in the percentage composition of
the different items of food eaten by A. bengalensis, during different months.

Among the insects found in the gut contents, in addition to aquatic larvae
of Coleoptera, Trichoptera and Diptera, were several terrestrial insects like Gryllo-
talpa, de-elated termites and ants, which were probably captured when they were
accidentally washed into the current.
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Among micro- and macrophytes found in the stomachs, were green algae,
blades of grass, roots and seeds of plants and aquatic weeds, but the quantity of
these items, and the frequency of their occurrence in the guts, were negligible.
Fresh-water oligochaetes formed the bulk of the annelids consumed by the eel.
Most of these organisms were found in a fairly advanced state of digestion, rendering
their generic or specific identification impossible. In addition to the above, centi-
pedes and spiders were also found, though rarely, among the stomach contents.
Pebbles and sand also occurred in the stomachs. The occurrence of a wide variety
of organisms, including those foreign to an aquatic habitat, shows a predominantly
omnivorous feeding habit.

IMMIGRATION OF ELVERS INTO ESTUARIES

Newly metamorphosed elvers, which are termed ‘glass eels’, are transparent,
and totally unpigmented. Their lengths range between 40 and 58 mm. with a
mean length of 50-9 mm.

From the analysis of data relating to the catch of glass eels, it was observed
that they occurred in the estuary only during the period October to March.
During the months October, November, December and March, fewer specimens
were obtained than during January and February (vide Table III). This indicates
that immigration of elvers into the estuary after metamorphosis takes place during
the colder months of the year, commencing from Oectober and continuing till the
end of March following, the peak period of immigration being January and February.

TaBrLe IIT

Occurrence of glass eels in the Hooghly estuary

Average number of Length .
Month elvers obtained engLa range in

per net mm.
January, 1952 .. .. 64 5058
February, 1952 . .. 80 47-67
March, 1952 .. .. 20 48-51
April, 1952 .. .. ..
May, 1952
June, 1952
July, 1952
August, 1952
September, 1952 . .. .. ..
October, 1952 .. .. 16 47-51
November, 1952 .. .. 8 48-50
December, 1952 .. .. 4 40-50

Corroborative evidence for the above observations was obtained, from the
occurrence of glass eels, in the regular fortnightly collections made from the escape
channel at Barrackpore, where also glass eels were available only during the months
October to March.

It is interesting to note that in the case of elvers of European eels also ‘invasion
(into estuaries) begins in November or December and reaches its height in January,
February and March’ and the tiny fry measure ‘on an average two to three inches
in length’ (Roule, 1933). Gemzoe (1908) states that the ‘date of immigration falls
in spring and may with approximate accuracy be placed at May 1°. Petersen
(1894) observed that small eels, about 70 mm. in length, wander into fresh waters
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of Denmark in large numbers, in spring and early summer, and he places the time
of early immigration in the months March to June. Johansen, as quoted by
Gemzoe (op. ¢it.), concludes that glass eels abound in watercourses in spring (March
and April) and have lengths of 70 to 72 mm.

AGE AND GROWTH

(a) Qrowth of elvers during the first year of their life in fresh water

To ascertain the growth of elvers during the first year of their life in inland
waters, regular fortnightly collections were made from January, 1952 to January,
1953 (vide page 259). Figures for the month of December, 1952, were left out of
reckoning, since the sample was considered inadequate. In Text-fig. 5 are given
the smoothed length frequency curves for the various months which, except in a
few cases, are found to be unimodal. In January, 1952, the mode is seen to be at
53:0 mm., while in February the mode is at 62:0 mm. On the reasonable agsump-
tion that the population has been the same throughout, the progression of the mode
by 9:0 mm. is considered to indicate the growth during the month. In February,
however, there is another small mode at 980 mm., which probably represents the
size group of the individuals which migrated into the estuary earlier in the season
(i.e. since October, 1951). In March, this second peak is no longer visible, but
another peak, representing individuals smaller than the main February modal size,
is discernible, due obviously to the presence of smaller size groups as a result of
continued recruitment. The modes in May and June are in the same positions
and the absence of any difference in the modal values of these two months may be
attributed to the fact that in samples collected in May there is a predominance of
specimens collected in the second fortnight, whereas in June samples the catches
of the first fortnight were dominant. A similar condition is seen in the modal
values for September and October which coincide, though the reasons for the non-
progresgion of the mode in this case are obscure, with the number of specimens in
the samples collected during different fortnights of the two months being nearly
the same. The modal values in different months of the year and growth from
month to month are given in Table IV.

Tasre IV

Growth in length of the elvers of A. bengalensis during the first year of their life
tn inland waters

s Increment in
Size range Modal

Month in mmg N values Jength

in mm.,
January, 1952 .. .. 47— 65 46 53 ..
February, 1952 .. 50-113 134 62 9
March, 1952 .. .. 47-104 271 74 12
April, 1952 .. .. 56-116 192 83 9
May, 1952 .. .. 59-119 691 92 . 9
June, 1952 .. .. 65-128 615 92 ..
July, 1952 .. .. 77-146 358 101 9
August, 1952 .. .. 80-173 543 107 6
September, 1952 .. 86-164 201 116 9
Qctober, 1952 .. .. 101-161 40 116 ..
November, 1952 .. 91-181 46 126 10
December, 1952 .. .. .. .. ..
Janusary, 1953 .. .. 121-171 34 151 25
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TexXT-r16. 5. Length frequency curves of elvers of A. bengalensis collected during different
months, from the Hooghly estuary.

As shown in the above table, the elvers attain a length of about 151-0 mm., or
register a growth of about 98-:0 mm. at the end of the first year after immigration
into estuaries.

Having collected a large number of elvers of 4. bengalensis about 6 inches
(152-0 mm,) long at Nizamsagar dam, Rahimullah ef al. (1944) stated, ‘we are of the
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opinion that most probably it (4. bengalensis) breeds in fresh water and has left the
habit of going to the sea’. This opinion was based on the assumption that the
elvers collected were too small and too young to travel a distance of 450 miles (from
the sea to Nizamsagar dam), particularly after negotiating the anicuts at Rajah-
mundry and Dummugudem, a precipitous ascent at Bhadrachalam and swift
currents in the river in & rocky territory en route. From the present investigation
it is clear that 6 inch elvers should be about a year old. On the reasonable pre-
sumption that immigration into the Godavari estuary takes place in the same
months as into the Hooghly, the elvers collected in Nizamsagar in September, 1943
(by Rahimullah and others) could be considered to have commenced their journey
upstream after metamorphosis some time early in 1942. Hence it is not incredible
that these elvers could have travelled a distance of 450 miles, in a period of over one
year. Further, eels are known to negotiate obstacles of the type considered insur-
mountable to them by Rahimullah et al. Cairns (1941) observed, ‘eels are capable
of climbing vertical walls provided the surface is damp. The eels go up the highest
and steepest water-falls in the country by travelling up the damp sides out of the
main rush of water. During migrations they will travel across land in heavy rains
or if grass is wet with dew’. In the light of the above facts and considering that no
glass eels were obtained at Nizamsagar, it is felt that sufficient valid reasons are
lacking to support the assumption of Rahimullah ef al. (0p. cit.) that the Indian eel
might breed in fresh waters and thus behave differently from the European eels.

(b) Scales as indicative of age and growth of the adult eel

Structure of scales—Scales of Anguille bengalensis differ markedly in shape and
texture from those of other teleostean fishes, being flat and elongated-oval in shape.
However, abnormal scales agsuming a variety of shapes (viz. circular, dumb-bell and
L and T shaped) are not uncommon. Scales lie embedded in the skin and ‘are
placed in individual sacs in the dermal tissue, with no connections with the epi-
dermal covering’ (Waly, 1940). The arrangement of scales in the skin varies
slightly, but generally the first row of scales immediately above and below the
lateral line lie obliquely at an angle of about 45° to it, directed either forwards or
backwards. In the subsequent rows above and below these, the scales lie, generally,
at an angle of 90° to those in the preceding rows, the general effect being ‘some-
what like parquet flooring’ (Frost, 1945) (vide Plate XXV, fig. e).

Waly (op. cit.), after a detailed study of the scales of Anguilla vulgaris, has
concluded that the scales comprise of concentric rows of ‘oval, round or polygonal
loculi, formed of closely applied fibres, with inter-communicating delicate threads,
coursing from the external to the internal surface of the scales. These loculi are
separated by their common walls. In bigger specimens the rows of loculi are
arranged in concentric zones separated by narrow concentric bands of fibrous tissue’.
In the scales of A. bengalensis also such a zonation is clearly discernible (vide Plate
XXV, figs. @, b and ¢). The number of zones in a scale increases generally in direct
proportion to the size of the fish. The bands of fibrous tissue or growth rings lie
more or less parallel to the margin of the scale and may either be complete, extend-
ing all round or incomplete appearing only as hoods or caps on the longitudinal
axes of the scale.

Size and age at which scales are formed.—Divergent views have been expressed
by various workers regarding the size and age at which scales first appear in eels.
Gemzoe (1908) has concluded that scales appear two years after the metamorphosis
of the leptocephalus, while Ehrenbaum and Marukawa (1913) have shown, with
respect to the European species, that size rather than age determines the appearance
of scales. They and some others are of the opinion that scales begin to form be-
tween the second and sixth (usually fourth) year of the life of the eel in fresh water.
Petersen (1894) observed that, as a general rule, scales are completely formed in
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eels when they are about 18 em. in length. Waly (op. cit.) could not detect scales
in 4. vulgaris of 11 to 14 cm., but found them in specimens over 18 cm. in length.
Frost (1945) stated that in A. anguilla scales are formed during the eel’s 2nd to
6th year of life in fresh waters.* All the workers are of the view that scales first
appear on either side of the lateral line in the anal region.

In the present investigation, entire skins of elvers, ranging between 80 to 200
mm. in length, were examined to ascertain the size at which scales form. Skins of
elvers could easily be peeled off from the underlying muscles after making an incision
initially with a sharp scalpel. An entire skin from each specimen examined was
stained in 19, solution of alizarine red, after initial treatment with 29, solution
of potassium hydroxide. The stained skin was cleared and examined in glycerine.
Another specimen of skin from each of the specimens of the same length was first
cleaned of the muscle and tissue fibres attached to its inner side by scraping gently
with a sharp scalpel and was then immersed in petrol for about 12 hours to dissolve
adhering fat. Later the skin was bleached in a mixture of hydrogen peroxide,
ammonia and distilled water, and was cleared and examined in glycerine.

A microscopic examination of the skins so prepared revealed that in eels less
than 110 mm. in length there was no indication of scale formation. In bleached
skins of eels 110 to 114 mm. long, oval areas having the general shape of scales
were clearly discernible, on either side of the lateral line in the caudal region, at a
distance of about 1/5 the body length from the tip of the tail. In eels 110 to 111 mm.
long these oval areas are usually devoid of any loculi or platelets (Plate XXV, fig. f),
whereas in specimens 112 to 114 mm. in length, loculi can be observed to be develop-
ing on these oval areas. These areas are obviously the basic fibrous tissues of the
scales in which loculi are formed due to the deposition of particles of calcium salts.
Fally-formed scales could be seen in some specimens 112 mm. long. At this stage
only one row of scales is present on either side of the lateral line in the caudal region,
commencing at a point 25-2 mm. in advance of the tip of the candal fin and extend-
ing up to a distance of another 13-5 mm. anteriorly.

The size of the earliest scales (Plate XXV, fig. d) ranges from 0-240 to 0-336 mm.
As the eel grows in length, the scale area extends simultaneously in all directions.
Thus the number of rows of scales dorsal and ventral to the lateral line increases
with the increase in length of the elver. An elver 122 mm. long has, generally,
three rows of scales covering the area between 35 mm. and 11-89 mm. anterior to
the tip of the caudal fin. A 205 mm. elver has usually scales covering its entire
body. The appearance and extension of scales is diagrammatically represented in
Text-fig. 6.

From the above observations, it is evident that the view hitherto held, that in
eels of the genus Anguilla scales first appear in the anal region, does not hold good
in the case of A. bengalensis. Though fully formed scales could be made out in
some specimens 112 mm. long, in certain cases no scales were found even in speci-
mens 115 mm. long. But all the specimens examined over 116 mm. in length had
well-defined scales in the caudal region. Hence it may be concluded that in A.
bengalensis the scales appear for the first time on the body when it is 112 to 116
mm. in length. Elvers of this length must have spent only six to seven months in
fresh waters after metamorphosis (vide page 267). These findings are considerably
different from those made on European eels.

Rahimullah et al. (op. cil.) could not detect any scales in skin scrapings of 4.
bengalensis 6 inches (about 152 mm.) long collected from Nizamsagar. They could
find scales without annual rings only in specimens 11 inches (about 280 mm.) long.
In specimens about 152 mm. long collected from the River Hooghly scales were
fully formed in the caudal region nearly up to the vent. As the authors have not

. * The age at which scales form was deduced by most of the workers cited above from the
difference in readings between otoliths and scales.
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Secale showing two rings.

Scale showing five rings.

Scale showing one ring.

Photomicrograph of a skin preparation of a 114 mm. long elver showing a fully formed earliest
scale in situ.

Photomicrograph of a skin preparation of a 380 mm. long eel showing the arrangement of scales
n situ.

Photomicrograph of & skin proparation of a 111 mm. long elver showing the earliest scales (oval
areas) prior to the tormation of loculi.
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TEXT-FIG. 6. Appearance and extension of scales in the elvers of A. bengalensis.

mentioned the part of body from where skin scrapings have been examined it would
appear probable that their failure to detect scales in 6 inches long specimens was
because they had not examined the skin in the region posterior to the vent.

Growth of scales and appearance of growth rings—Gemzoe (op. cit.) has estab-
lished that the zones on the scales of the European eel are annual in character.
Observing the growth of the scale, he concluded that the larger loculi of the zone
were laid during the period of active growth, and that they became gradually
smaller and smaller towards the edge, till finally they ceased to be laid during the
period of little or no growth. The absence of loculi at the edge of the zone caused
the rest of the zone to be framed, as it were, in a ring of fibrous tissue. Gemzoe
(op. cit.) and Ehrenbaum and Marukawa (1913) observed that growth of scales
went on from the end of June to the end of August. Frost (1945) found scales
showing new growths at their edges in Windermere eels, during July, August and
September, and concluded that the scale growth ended by October. She, however,
found some difficulty in determining the growing edge and stated that information
on that point was somewhat inconclusive.

During the present investigation, new growing edges were observed generally
all round the scale as transparent margins, being broader along the long axes and
comparatively narrow along the transverse edges, thus conforming to the general
shape of the scale. Sometimes these new growing edges appeared only as broad
caps on the long axes of the scale. After the formation of these transparent
edges, loculi began to appear on these, first faintly and later becoming more and
more distinct. The appearance of loculi did not take place on the entire new grow-
ing edge, but a narrow band of uncalcified fibrous tissue is left vacant, framing, as
it were, the preceding zone of loculi. Hence in 4. bengalensts the new ring is laid
at the time of resumption of scale growth.

Scales showing such new growing edges were found during all the months of
the year, though their frequency varied from month to month. Further, the new
growing edges did not appear on all the scales of the same fish at the same time.
The maximum and minimum percentage of eels having scales with new growing
edges (irrespective of the percentage of scales of individual specimens showing
such growths) during various months of the year is 94-4 and 7'1 respectively (Text-
fig. 7). During July, August and September the percentage of eels having scales
with new growths, as well as the percentage of scales in individual eels bearing new
growing edges, is significantly higher than during other months. The results of
observations on the nature of scale margins during various months of the year are
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delineated in Text-fig. 7, from which it is clear that there is no complete cessation of
scale growth in any part of the year. But July, August and September appear to
constitute the period of active growth, whereas October to February appear to form
a period of retarded growth. As new rings are laid at the time of resumption of
scale growth, it is concluded that, in a majority of cases, new rings are formed in
the months of July, August and September. The data show that this is by no
means the only period of the year when rings are laid, as formation of new growing
edges and consequently of growth rings, though in a smaller percentage of eels,
is observed during other months of the year also. Hence the utilization of scales
for determining age must necessarily involve a certain degree of error unless large
samples are examined.
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Texr-vi6. 7. Histogram showing the percentage of eels, exhibiting new growing edges on
soale margins, during different months of the year.

The utilization of scales for the estimation of age in the eel is somewhat com-
plicated by the peculiar nature of the scales. A wide variation exists in the size of
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the scales taken from the same as well as different parts of the body. Further,
scales taken from different areas of the body of the same eel do not always show
the same number of rings and such a difference exists in a smaller degree even in
scales taken from any one region of the body. The number of rings present on a
scale is not necessarily in direct proportion to the size of the scale, a smaller scale
sometimes recording more annual zones than a larger one taken from the same
region of the body. In view of this, it is not possible to resort to the method of
back calculation in the scale studies of the eel. A similar conclusion was arrived
at by Frost (op. cit.).

In the light of the above observations, scales were used in the present investiga-
tion for the estimation of age only, and not growth. The high measure of agreement
observed between the estimates of age, by length frequency analysis and scale
study, shows that the rings on the scales can be utilized with some degree of caution
for age determination of the species.

Scales from nearly 350 specimens ranging from 125 to 666 mm. were studied.
They were removed for examination, from an area 20 mm. long (on either side of
the lateral line), the mid point of which is about 1/56th of the body length, anterior
to the tip of the tail. Selection of scales for study was made from this region, in
preference to the usual practice of taking scales from the anal region, because in
A. bengalensis scales first appear in this area and hence are the oldest. 25 normal
scales were selected and cleaned in a weak solution of potassium hydroxide, and
mounted for microscopic examination. The growth rings could be clearly seen
even in unstained scales. The maximum number of rings found on any scale in
the sample was recorded separately for each fish. The usual practice of considering
the maximum number of rings found on the oldest scales, as indicative of the correct
age of the fish (vide Gemzoe, op. cit., Frost, op. cit.), was followed in the present
investigation. It was ascertained by taking samples of scales from different regions
of the body, that the maximum number of rings found in the sample of 25 scales
taken from the caudal region, as described, represented the trne maximum for any
particular individual. Marcus (1919) has concluded that, in certain years, zones of
loculi are not laid down on scales of slowly growing eels and that partially formed
zones or caps are manifestations of this possibility. Therefore, following his pro-
cedure, even partially developed zones of loculi, appearing sometimes only as caps
on the long axes of the scale, were considered as representing annual growth.

Eels having the same number of maximum rings on their scales are taken, in
this investigation, to represent a single age class. The results of scale readings are
given in Table V and Text-fig. 8. The average lengths of eels having a maximum
number of one to six rings are given in Table VI, along with the age classes as
determined by length frequencies.

It was pointed out earlier that immigration of glass eels (after metamorphosis)
into estuaries commences late in October every year and continues up to March
next year, though the maximum influx takes place in the months of January and
February. Scales begin to form about six months after the date of immigration, and
the first ring is laid in a majority of individuals during the months of July, August
and September of the succeeding year (i.e. second year after immigration into
fresh waters). So in the earliest immigrants (viz. those that enter the estuaries in
the month of October) the first ring is laid in a majority of individuals after about
a year and nine months from the date of immigration, whereas in the latest im-
migrants (viz. those that enter the estuaries in March) the first ring is laid after
approximately a year and four months. Hence the first ring on the scales of 4.
bengalensis may be considered to have been laid when the eels attained an age rang-
ing between 1 year 4 months and 1 year 9 months, but since the maximum influx
of elvers takes place in the months of January and February, it may be said that in
a large percentage of eels, the first ring is laid after about 1} years from the date of
their entering the estuaries.
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TasLe V
Length range of eels having one to six rings on scales

Range of
T.L. in mm.

Number of specimens having rings on scales

II

III

Iv

v

VI

Total

140-149
150-159
160-169
170-179
180-189
190-199
200-209
210-219
220-229
230-239
240-249
250-259
260-269
270-279
280~289
290-299
300-309
310-319
320-329
330-339
340-349
350-359
360-369
370-379
380-389
390-399
400-409
410-419
420429
430-439
440-449
450-459
460469
470479
480-489
490499
500-509
510-519
520-529
530-539
540-549
560559
560-569
570579
580589
590-599
600-609
610-619
620-629
630-639
640649
650-659
660-669
670-879
680-689
690-699

10
11
20
22
11
13

11
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Total

117

76

70

38

20

324

Mean

183-56

24950

340-071

447-132

516-65

602-0
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TrxT-¥1¢. 8. Range and mean lengths of eels having I to VI rings on scales (range is indicated
by horizontal lines and mean by oblique lines).
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TaBLE VI

Mean length of eels in relation to maximum number of growth rings on scales, and class
values of modal groups in length frequencies

3 Length frequencies
Number of | Number of
growth rings eels in Mean length Class value
on socales sample Age class of modal
group
1 117 183-56 1 210
2 76 249-50 It 266
3 70 340-071 IR 331
4 38 447-132 v 441
5 20 516-65 v 507
[ 2 602-00 . ..

(¢) Length frequency

Two length frequency histograms (one for eels measuring 40-183 mm. and
another for those more than 183 mm.) for the entire collection of eels made during
the year 1952 are given in Text-figs. 9 and 10.

12 -

FREQUENCY C%)

- ~
“wooe o~ - = 9w n w ~
¥ & 5 R a2 Z a0 X ow s =

100

LENGTH IN mm.

TExT-FIG, 9. Length frequency histograms of the elvers (lese than 183 mm. in length)
collected during the year 1962.
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TeXT-ric¢. 10. Length frequency histograms of eels (ranging between 183 mm, and 600 mm.)
collected during the year 1952.

The mean lengths attained by the fish during the first five years of its life, as
calculated from the scales, are shown as vertical dotted lines in the histogram.
In Text-fig. 9 one distinet mode is noticeable at 80-0 mm. for the O group fish. In
Text-fig. 10, five clear modes are discernible, each at 210, 265, 331, 441 and 507 mm.,,
representing I to V year group fish respectively. The small mode at 386 mm.
could probably be ignored, as being due to inadequate samples, considering the
almost equal distribution of frequencies preceding the main 331 mm. modal group;
further the size group represented by this modal class falls within the range of
individuals having three rings on their scales. There is another small mode at 551 mm.
which could also be ignored since the number of specimens in the sample represent-
ing this size group is very small. There appears to be fair agreement between the

mean lengths of eels having 1 to 5 rings on scales and I to V modal classes of the
length frequency histograms.

SUMMARY

Some aspects of the biology of the Indian fresh-water eel Anguilla bengalensis have been
studied, based on the collections of eels made from the Hooghly estuary.

The length-weight relationship for eels ranging between 50 mm. and 300 mm. in length is
estimated. The condition factor K appears, generally, to increase with the increase in length
of the fish. K values for the eels, collected during the later part of the year, appear to be higher
than those for eels collected during earlier months.

A gtudy of the food habits of the eel reveals that it is generally omnivorous, though there
appears to be a particular preference for fish, which predominsate as a single item of diet. The
relative predominance of crabs, prawns, insects, megalopa larvae, macro. and microphytes,
annelids and miscellaneous items among the stomach contents of the eel is found to be in the
order mentioned here.

The immigration of ‘glass eels’ (newly metamorphosed leptocephali) into estuaries has
been found to take place in the colder months of the year, commencing from October and con-
tinuing up to March, the peak period of immigration being January snd February. The glass
eels range between 40 mm. and 58 mm. in length, with & mean length of 50-9 mm. The elvers
have been found to attain a length of about 151 mm. registering a growth of 98-0 mm. by the
end of the first year of their life in inland waters. The increment in length from month to
month varies between 8-0 mm, and 12-5 mm, as revealed by the length frequency studies.

The structure of scales and the age and size st which they first appear is discussed. In
A. bengalensis it has been observed that scales first appear in the caudal region on either side of
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the lateral line of elvers 112 to 116 mm. long and about six months old. The earliest £==%
measure 0-240 to 0-336 mm. Simultaneously with the growth of the eel the scale area is
to extend until, finally, in an elver 205 mm, long, scales are fully formed on the whole body.
These findings differ considerably from those made on European eels.

Observations on the growth of scales and formation of growth rings reveal that the ucw
rings are laid at the time of resumption of scale growth. Though growing edges are found
scales during all the months of the year, the percentage of scales on individual eels bearing
growing edges is sigmificantly higher during July, August and September than during othe:
months. Hence it is concluded that these months constitute the period of active scale growth,
and that in a vast majority of eels rings are formed during this season. The somewhat com-
plicated nature of the problem of utilization of scales in the age studies of the eel is discussed,
and the conclusion has been arrived that the scales of the eel could be utilized for the estimaiion
of age (not growth) of the fish, with a certain degree of caution, provided large samples &i:
examined. The fairly high measure of agreement observed between the estimates of age, by

1hength frequency analysis and scale study, has algo helped to substantiate the view expressed
ere.
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ArprENDIX I
List of organisms found among the stomach contents of A. bengalensis

Annelids

Fresh-water oligochaetes
Earthworms
Polychaetes

Crustaceans

Amphipods

Isopods

Varuna lLitterata
Megalopa larvae of varuna sp.
Paratelphusa sp.
Alpheus sp.
Metapenaeus sp.
Metapenaeus lysianassa
Metapenacus brevicornis
Palaemon spp.
Caridina sp.

Insects

Gryllotalpa
De-elated termites
Coleopteran larvae
Trichopiteran larvae
Mosquito larvae
Beetles

Ants

Fish

Elvers of eels

Gobioid fishes (various species)
Odontambliopus rubicundus
Gobiopterus chuno
Glossogobius giuris

Eleotris fusca

Clupeid fishes (various species), Larvae and adults
Hilsa ilisha

Gadusia chapra

Setipinna phasa

Pama pama

Tetradon spp.

Badis badis

Ambassis ranga

Barbus stigma

Fish eggs
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Macro- and microphytes

Aquatic weeds

Blades of grass

Roots and seeds of plants
Spirogyra

Tribonema sp.

Miscellaneous

Shells of gastropod molluses
Pebbles

Centipedes

Spiders

Sand particles

Debris

Issued September 20, 1957.



